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Introduction

This thesis describes the clinical investigation of a novel treatment strate-
gy for type 2 diabetes mellitus (T2DM) using an antisense oligonucleotide
(a0N) to inhibit the sGLT2 receptor. The historical background of both
treatment of T2DM and the development of oligonucleotide based thera-
peutics are covered in this introduction.

TREATMENT OF TYPE 2 DIABETES MELLITUS

About 387 million adults worldwide are living with type 2 diabetes mel-
litus (T2DM) [1]. The number of affected people is still growing at a fast
pace, predicted to result in over 592 million people affected by 2035 [1].
The rise in the prevalence of T2DM in children and adolescents [2;3] con-
tributes largely to this predicted trend. As the metabolic disease state of
T2DM interferes with many physiological systems and organ functions, it
is associated with a wide range of serious co-morbidities and increased
mortality. Optimal treatment of T2DM with tight regulation of serum glu-
cose will be of great importance the coming decades.

Treatment of T2DM began when insulin became available in 1923.
Later, in 1955 the first sulfonylureas were developed (table 1). Both insu-
lin and sulfonylureas are associated with burdensome side effects, such
as weight gain and hypoglycemia. The next step was the development
of metformin, which was introduced in Europe around 1975 and in the
United States in 1995 [4]. Currently, metformin still is the preferred drug
for initial therapy [5;6]. It is effective and safe and does not affect body
weight, which is favorable compared to earlier treatments. Disadvantages
include gastrointestinal side effects and its use is contraindicated in
patients with severe renal insufficiency. Moreover, monotherapy with
metformin is often not sufficient and within 3 years after start of the ther-
apy, 50% of patients need additional drugs to achieve target Hba1c values
[71.

Three treatments came available between 1995-1998; thiazolidinedi-
ones, a-glucosidase inhibitors and meglitinides. These treatments are
less effective compared to metformin, and also have other disadvantages
[8]. Thiazolidinediones are associated with weight gain and fluid reten-
tion. a-Glucosidase inhibitors and meglitinides need dosing three times
daily and are expensive therapies. In 2005 incretin-mimetic compounds
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reached the market. These drugs have multiple antihyperglycemic
actions and induce weight loss, which is promising. As monotherapy
however, it is still less effective compared to metformin, insulin and sul-
fonylureas and long-term safety is not yet established [8].

Elaborating on the mechanisms of action of these drugs is beyond the
scope of this thesis. The actions are summarized in table 1 and are more
extensively described in the Teaching Resource Centre database [9].

The latest development in the treatment of T2DM are the small
molecule sGLT2 inhibitors, which reached the market in 2013. SGLT2
co-transporters are responsible for reabsorption of up to 90% of the
glucose filtered by the kidneys [10]. The pharmacological inhibition of
SGLT2 co-transporters reduces hyperglycemia by decreasing renal glu-
cose threshold and thereby increasing urinary glucose excretion. This
mechanism of action, independent from the amount of circulating
insulin or insulin sensitivity is very different from earlier developed
therapies, making sGLT2 inhibition potentially useful for patients who
are refractory to most other anti-diabetic therapies or as add-on therapy.
SGLT2 inhibitors also induce weight loss and a reduction in triglycerides
and systolic blood pressure [11;12]. Pharmacological inhibition of the
SGLT2 receptor is an accepted concept which led to several registered
and approved drugs (dapagliflozin [13] (Forxiga®), canagliflozin [14]
(Invokana®) and empagliflozin [15] (Jardiance®)). As opposed to inhibi-
tion of the SGLT2 receptor function, antisense oligonucleotides enable
inhibition of protein expression, which results in reduction of the abun-
dance of the receptor. This concept led to the preclinical development of
ISIS 388626, an antisense oligonucleotide designed to inhibit the sGLT2
receptor via targeting the sGLT2 mRNA. The clinical investigation of this
drug candidate is described in this thesis.

OLIGONUCLEOTIDE BASED THERAPEUTICS

Oligonucleotides (ONs) are fragments of 12-24 nucleic acids in a tar-
get-specific sequence [16]. ONs have different mechanisms of action. They
may be designed to either alter the reading frame by exon-skipping, work
directly by inhibition of the targeted protein (antagonism), by binding to
the receptor as an agonist or by inhibition of mrNa of the targeted pro-
tein using the antisense principle (figure 1). Antisense oligonucleotides
(AONs) are complementary to a part of the mrNa of the target protein.
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Watson-Crick hybridization of the AoN with the mRNa4, induces degrada-
tion of the mrNA and thereby prohibits translation of the mrNa into the
target protein (figure 1).

Oligonucleotides found their origin by the discovery of the DNaA struc-
ture by Watson and Crick [17] (table 2). It did take some time (25 years)
before the first synthesis of short RNA fragments was accomplished
[18]. And it lasted another 15 years before proof-of-concept of AONs was
established by achieving successful inhibition of gene expression [19].
This led to the development of first generation AoNs, of which fomivirs-
en (for intraocular treatment of cMV retinitis) was the first and only ever
approved first generation AON [20]. These first generation compounds
were AONs with a phosphorothioate backbone and were relatively stable
in the bloodstream. However the duration of action of these compounds
was limited and they induced various undesirable, non-specific in vivo
side effects, such as immune stimulation and complement activation,
which were mainly caused by their interactions with proteins. Around
1999 clinical investigation of 2nd generation AoNs started. Many dif-
ferent modifications of the backbone sugar moieties were investigated
[21]. The AoNs with the most favorable modifications (2’-O-Methyl and
2’-O-Methoxyethyl) became the 2nd generation aoNs. These demon-
strated greater nuclease resistance and increased hybridization affinity
due to more stable duplex formation with the target mrNA [22;23]. 2nd
generation AONS are considered to be superior to first generation AONs,
therefore the focus in drug development shifted accordingly. 2.5 or 3rd
-generation oligonucleotides were developed from 2003 onwards to fur-
ther improve the nuclease resistance and target affinity [24-26]. Locked
nucleic acid (LNA), Peptide nucleic acid (PNA) and Morpholino phospho-
roamidates (MF) are the three most commonly used 3rd generation AONs
[27]. The clinical benefit of 3rd over 2nd generation AoNs has not been
established yet. The first and currently only approved 2nd generation
compound, is mipomersen. Mipomersen was approved in 2013 by the FDA
for the treatment of familial hypercholesterolemia [28].

Administration of all three generations of oligonucleotides, are
associated with certain side effects in humans [29]. Intravenous (IV)
administration may result in transient prolongation of aPTT [30-32]. This
is thought to result from non-specific binding of the AoNs with coagu-
lation factors, phospholipids and calcium [33] and is considered to be
non-clinically significant. apPTT is not affected when the oligonucleotide
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is injected subcutaneously probably due to lower plasma concentra-
tions of the drug. Oligonucleotides have pro-inflammatory potential.
In clinical studies with subcutaneous injection of the oligonucleotides,
injection site responses are commonly observed [29]. 1v infusion, as well
as subcutaneous injection is associated with constitutional symptoms,
such as fever and chills [34-36]. Oligonucleotides also rarely induce hyper-
sensitivity reactions [29]. The pathophysiological and immunological
pathways involved in these immune responses is unknown. Complement
activation is common in monkeys and is rarely also present in humans
[29]. Due to the known distribution pattern of oligonucleotides with
accumulation in liver and kidney tissue, these organs are monitored
carefully in clinical trials. Many oligonucleotides clearly have no effect
on renal performance [29;37], however several other oligonucleotides
do induce untoward kidney effects [38-40]. The reason for this discrep-
ancy in unknown. Similarly, increases in liver transaminases have been
observed after treatment with some, but not all, oligonucleotides [41-43].
In clinical studies with novel oligonucleotides, these side effects should
be monitored closely.

ANTISENSE OLIGONUCLEOTIDE AS SGLT2 INHIBITOR

Inhibition of the sGLT2 transporter using small molecules has proven its
efficacy by improving glycemic control in subjects with type 2 diabetes
[9;10]. The maximal effect of these compounds is a modest inhibition of
only 30-50% of renal glucose reabsorption, whereas complete inhibition
of sGLT2 activity could theoretically induce 90% inhibition [10]. This
limited effect is not well understood. This could be explained by compen-
satory increase of SGLT1 activity [44;45], however, another explanation
could be that small molecules do not result in sufficient inhibition of the
SGLT2 receptor. An alternative approach is to interfere with the synthe-
sis of the receptor by antisense inhibition. 1S1s 388626, a 2nd generation
2’-MoE-modified 12-mer oligonucleotide, is a very potent and selective
inhibitor of SGLT2 and resulted in > 80% reduction of renal SGLT2 mRNA
expression in animal models. Therefore, it was anticipated to be more
efficacious than small molecule sGLT2 inhibitors. Down regulation of
the sGLT2 protein instead of SGLT2 inhibition with small molecules may
mimic hereditary forms of glucosuria, with mutations in the SGLT2 gene
[46;47]. Phenotypes resulting from these mutations are not associated
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with hypoglycemia nor any other symptoms [46;47]. The specificity and
selective renal distribution of 1515 388626 resulted in potent anti-hyper-
glycemic effects in several preclinical models [48-50]. No AONs have been
developed to date that have their target protein within the kidney. AoNs
generally have similar tissue distribution patterns with accumulation
occurring in liver, kidney, lymph nodes and spleen, therefore the kidney
has been suggested as potentially suitable target [51]. ISIS 388626 was
designed to specifically distribute to the kidney, due to lower binding to
plasma proteins compared to other 20-mer antisense oligonucleotides
(88% to 60% bound over a concentration range of 4 to 400 pg/mL, respec-
tively, in rodents, monkeys and dogs, data on file). The higher free
fraction of 1s1s 388626 in the circulation is subject to greater glomerular
filtration and tubular reabsorption, leading to higher kidney concentra-
tion. This selective renal distribution was confirmed in animals using
radiolabeled 1s1s 388626; liver contained measurable levels of 1S1s 388626,
however these were approximately 5 to 100-fold lower than the levels in
the kidneys in both mice and monkeys (data on file). 1s1s 388626 did not
produce any overt toxicities (specifically, no renal toxicities) in any of the
species evaluated, even when sGLT2 mRNa levels were reduced by > 80%
[50]. No hypoglycemia was observed in euglycemic or hyperglycemic ani-
mals [48-50].

These data supported clinical development of 1s1s 388626 for the
treatment of T2DM. The objective of the phase 1 study was to provide an
initial assessment of the effects of single and multiple subcutaneous
doses of 50, 100, 200 and 400 mg 1815 388626 in healthy subjects in order
to select the effective doses for potential future trials in diabetic patients.

Outline of this thesis

ISIS 388626 is an antisense SGLT2 inhibitor, designed to treat Type 2
Diabetes Mellitus by inducing glucosuria. cHAPTER 2 describes the results
of the first-in-human trial with drug candidate 1s1s 388626. This trial
was halted early due to unexpected effects on renal function. Preclinical
experiments revealed no effects on renal function, therefore the findings
in this first in human trial were not well understood.

Additional and more extensive preclinical testing of 151s 388626 with
different dose regimens provided more insight into the renal effects. An
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adapted study design without loading dose was proposed to avoid these
untoward effects. The study was restarted (with 50, 100 and 200 mg)
and the findings are described in CHAPTER 3. Unexpectedly and despite
changing the dose regimen, transient creatinine increases still occurred
in the first cohort (50 mg). Therefore, renal clearance tests were per-
formed in this study to evaluate the impact of 50 mg 1SIs 388626 on GFR
and renal plasma flow.

The cohort with the renal clearance tests confirmed the transient
nature of the changes and revealed no indications for decreased GFR or
renal plasma flow, therefore the trial continued with 100 and 200 mg
ISIS 388626 treatment, as described in CHAPTER 4. These dose levels were
expected to induce the pharmacodynamic effect. Renal effects were mon-
itored closely. 1s1s 388626 induced glucosuria, however the effect at the
dose levels tested (up to 200 mg) was small. Higher doses of 1515 388626
further increased the urinary levels of renal markers.

CHAPTER 5 explains why nephrotoxicity often is an important issue
in early clinical drug trials. Limitations of the ‘classic’ renal markers such
as serum creatinine and urea are addressed. An overview is provided on
promising urinary kidney biomarkers. Finally, recommendations are
made regarding the selection of suitable urinary biomarkers to monitor
renal function and to detect changes early.

Apart from the unintended renal effects, 1S1s 388626 treatment also
caused skin reactions on the injection site. These injection site reac-
tions (ISRs) are a commonly observed phenomenon after subcutaneous
administered oligonucleotides, however little detailed information is
available in the literature. CHAPTER 6 is a review of all publicly available
studies on skin reactions caused by oligonucleotide injection, supported
by observations done in four clinical trials performed at the cHDR with
four different oligonucleotides, including 1s1s 388626. A comprehensive
and detailed overview of the incidence, severity, clinical manifestations
and pathophysiology of 1sRs is provided.

Finally, cCHAPTER 7 combines the findings of the previous chapters,
and addresses the risk-benefit assessment of oligonucleotide based ther-
apies in general. Suggestions are done for further research in order to
optimize the potential of oligonucleotide based therapies.
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Figure1 Theantisense oligonucleotide is transported across the plasma membrane (1). In the

cytoplasm, the single-stranded oligonucleotide enters cell nucleus (2), where it bind to the target
mRNaA (3). The oligonucleotide/RNA duplex is a substrate for RNase H (4). RNase H cleaves the mRNA
strand (5), creating dysfunctional mrNA that is not translated into protein. RNase H is also present

in the cytosol, cleavage also occurs in that cellular compartment.
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Table1 Overview of historical development of drugs for the treatment of T2pM (| indicates Table2 Overview of historical development of oligonucleotide drugs
inhibiting effect, 1 indicates stimulatory effect)
Year Drug Actions
Year Drug Actions
1923 Insulin Hepatic glucose production |
1923 Insulin Hepatic glucose production |, Glycogen storage liver muscles
Glycogen storage liver muscles | Glucagon |
Glucagon | .
1955 Sulfonylureas Production insulin {3 cells 1
1955 Sulfonylureas Production insulin f cells X i K X K
Y p f 1975 Biguanides available Europe Hepatic glucose production |,
1975 Biguanides available Europe Hepatic glucose production i . K
g 2 ey o ! 1983 2nd generation Sulfonylureas Production insulin 3 cells 1
1983 2nd generation Sulfonylureas Production insulin f cells X i K X X K
2 Y P ! 1995 Biguanides available in the us Hepatic glucose production |
1995 Biguanides available in the us Hepatic glucose production X . X )
8 ) B ! 1996 a-Glucosidase inhibitors Digestion carbohydrates |
1996 a-Glucosidase inhibitors Digestion carbohydrates X . X .
8 4 ¢ 1997 Thiazolidinediones Insulin sensitivity liver |
1997 Thiazolidinediones Insulin sensitivity liver . . K
i f 1998 Meglitinides Production insulin 3 cells 1
1998 Meglitinides Production insulin  cells L
£l p f 2005 GLP1analogues Production insulin § cells 1
2005 GLP1 analogues Production insulin  cells 1 Insulin sensitivity |
Insulin sensitivity 1 Glucagon |
Glucagon | Gastic emptying, appetite, food intake |
Gastic emptying, appetite, food intake |
2006 DPP4 inhibitors GLP1 |
2006 DPP4 inhibitors GLP1 | Production insulin {3 cells 1
Production insulin  cells 1 Insulin sensitivity |
Insulin sensitivity 1 Glucagon |
Glucagon | Gastic emptying, appetite, food intake |
Gastic emptying, appetite, food intake |
2013 Small molecule sGLT2 inhibitors ~ Urinary glucose excretion 1
2013 Small molecule sGLT2 inhibitors ~ Urinary glucose excretion !

Table3 Overview of generation oligonucleotides and chemical modifications

Generation Chemical modifications
First generation Phosphorothiate backbone
Second generation 2-O-Methyl (2-OME)
2-O-Methoxyethyl (2 -MOE)
Third generation Locked nucleic acid (LNA)
(2.5 or 3rd) Peptide nucleic acid (PNA)

Morpholino phosphoroamidates (MF)
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Abstract

The antisense compound 1s1s 388626 selectively inhibits renal glucose
reabsorption by inhibiting the sodium-glucose cotransporter-2 (SGLT2)
MmRNA expression. It is developed as an insulin-independent treatment
approach for type 2 diabetes mellitus (T2DM). The safety, tolerability,
pharmacokinetics, and pharmacodynamics after subcutaneous adminis-
tration of the drug were planned to be evaluated in healthy volunteersin a
single-ascending-dose study (50-400 mg) and a multiple-ascending-dose
study (6 weeks; weekly doses of 50-400 mg with loading dose regimen of
three doses during the first week). The study was halted early because
increases in serum creatinine occurred in the subjects participating
in the 100 mg multiple dose cohort. The pronounced changes in serum
creatinine were accompanied by increased urinary excretion of Beta-2-
Microglobulin and xim1. The possible mechanisms for these findings
remain elusive and are in contrast to preclinical findings as comparable
treatment with 1sIs 388626 of animals did not reveal similar changes.
Although exposure was limited there was an indication that glucosuria
increased upon active treatment. Before the concept of antisense-medi-
ated blocking of sGLT2 with 1sIs 388626 can be explored further, more
preclinical data are needed to justify further investigations.

Introduction

The renal sGLT2 transporter accounts for 90% of the reabsorption of
glomerular filtrated glucose [1]. In type 2 diabetes mellitus (T2DM)
insulin resistance and the subsequent chronic hyperglycemia increas-
es the amount of filtrated glucose. T2DM is associated with increased
SGLT2 transporter expression and activity, thereby contributing to the
hyperglycemic state [2]. These findings render the sGLT2 transporter a
promising target for patients with diabetes mellitus. Indeed, inhibition
of sGLT2 using small molecules has proven its efficacy by improving
glycemic control in subjects with T2DM [3;4]. In addition this treatment
improves other cardiovascular risk measures such as blood pressure,
weight and levels of triglycerides [4]. This has led to the registration of
several drugs (dapagliflozin [5] (Forxiga®), canagliflozin [6] (Invokana®)
and empagliflozin [7] (Jardiance®). It was recently shown that adding
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empagliflozin to standard care favors cardiovascular outcome [8]. The
use of clinically relevant doses of these compounds result in a modest
30-50% inhibition of renal glucose reabsorption [9;10]. An alternative
approach is reduction of the synthesis of the transporter by antisense
interference which theoretically could reduce the transporter to 80-90%.
Targeting the kidney with antisense oligonucleotides should be possible
as these compounds generally distribute to the kidney [11]. One of the
antisense compounds developed to selectively knock-down the sGLT2
receptor is ISIS 388626, a second generation 2-methoxyethyl (MOE)-mod-
ified 12-mer phosphorothioate oligonucleotide. This oligonucleotide is
structurally complementary to a portion of the coding region of sGLT2
mRNA in multiple species including, mouse, rat, rabbit, monkey, dog and
human. This compound was developed to inhibit the synthesis of the
renal SGLT2 receptor by utilizing its short length (12-mer vs. the typical
20-mer), that enables fractional glomerular clearance and thus selective
targeting of the proximal tubular epithelium [12].

Weekly subcutaneous (sc) injection of 1s1s 388626 showed to be an
effective and safe treatment in preclinical studies ranging from 6 weeks
to 6 months in duration with a dose range of 0-30 mg/kg/week [12;13].
Following sc injection in animals, peak plasma concentrations and auc
increased in a dose-dependently and were similar for single and repeated
dosing for up to 13 weeks in mice and monkeys. Peak plasma concentra-
tions occurred within 0.25 to 1.5 hours after sc injection in mice, rats
and monkeys, then decreased in an apparent multi-exponential fashion
with time. 1SIs 388626 was initially predominantly cleared by distribu-
tion to the kidneys with a plasma half-life (t1/2a) ranging between 1.6
and 2.9 hours. The initial rapid distribution phase was followed by a slow
elimination phase with an elimination half-life between 5-8 days. In
dogs, diabetic rodents, monkeys, > 80% reduction of renal SGLT2 mRNA
expression was observed without affecting SGLT1 expression [13]. In
normoglycemic animals the reduction in SGLT2 mRNA expression that
occurred at doses of 1-3 mg/kg weekly for 13 weeks translated into effec-
tive glucosuria (at 3 mg/kg a 60-fold increase in mice and 7-fold increase
in monkeys in urine glucose creatinine ratio) [12]. Interestingly, 1SIS
388626 also slowed progression of ocular cataract formation, glomer-
ular damage and pancreatic islet cell deterioration in diabetic rodents
[14]. Signs of toxicity of 1SIs 388626 were not observed in any of the
animal models. In a 6-month study in diabetic rats, no accumulation of
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ISIS 388626 was observed in cardiac, liver or intestinal tissues, demon-
strating the specificity and selective renal distribution of 1515 388626 [14].
In 6 to 13 weeks treatment studies in mice and monkeys the only histo-
logical changes consisted of dose- dependent accumulation of basophilic
granules in tubular epithelial cells, which is a result of H&E staining of
the oligonucleotide itself in the cytoplasm and is an expected effect
[15;16]. Also no indications for long term changes of general kidney func-
tion were noted [12].

Based on this pre-clinical information, it was considered safe to eval-
uate the compound in humans. Here we describe the results of the firstin
human trial with 1515 388626, performed to assess its effects after single
ascending doses (saD) and multiple ascending doses (MAD).

Methods

SUBJECTS

Inclusion and exclusion criteria were similar for both parts of the trial.
Adult, male or (post-menopausal or surgically sterile) female subjects (18-
65 yrs) with BMI < 30 kg/m? were eligible if fasting plasma glucose and
Hba1c was below the upper limit of normal and it was agreed to main-
tain steady hydration throughout study participation. Excluded were
pregnant or nursing women, and subjects with significant abnormalities
regarding medical history, physical examination findings, 12-lead elec-
trocardiogram findings, and clinical laboratory evaluations (including
positive protein in urine dipstick analysis and calculated eGFR below 60
ml/min [17]. Studies were conducted in accordance with good clinical
practice guidelines and were approved by the national ethics committee
as well as the competent authority.

CHOICE OF DOSING

It was anticipated to explore 50, 100, 200 and 400 mg of 1s1s 388626. The
doses were based on a MABEL approach, taking into account a No Adverse
Effect Level estimated to be 10 mg/kg/week (including a loading dose
regimen) in monkeys. In preclinical studies across multiple species, the
pharmacologically active dose range of 1s1s 388626 was 1-3 mg/kg/week.
At this exposure, a significant reduction in SGLT2 mRNA occurred (74 to
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97% in mice and approximately 30 to 90% in monkeys over the dose range
1-30 mg/kg/week), accompanied by a 25-200 fold increase in urinary glu-
cose excretion [12-14]. Based on this, estimation of the equivalent human
effective dose falls in the range of 1-3 mg/kg/week. Experience with other
2-MoE-modified antisense oligonucleotides, safely administered (intra-
venously and subcutaneously) in multiple clinical studies at doses up
to weekly 750 mg (which translates into 10.7 mg/kg/week assuming an
average weight of 70 kg), with treatment durations exceeding one year
[18], further supports the safety of this dose range. In the MAD part of the
study it was planned to administer these doses weekly for 6 weeks after
a loading dose regimen of 3 doses in the first week to achieve effective
steady-state tissue concentrations.

STUDY DESIGN

The first study was a double-blind, randomized, placebo-controlled sin-
gle ascending dose (saD) study. Sixteen subjects were randomly assigned
in a 3:1 ratio to receive either a single dose of 50, 100, 200 or 400 mg I1SIS
388626 or placebo, administered as sc injection in the abdominal region.
The saD study part was followed by a double-blind, randomized, place-
bo-controlled multiple ascending dose (MaD) study administered as
subcutaneous injection in the four abdominal quadrants (i.e. upper left,
upper right, lower right, lower left), or upper lateral arms and thighs.
Subjects were to receive eight doses of study drug (or placebo) over a six-
week period, three doses in study week 1 followed by once weekly dosing
for five weeks. At the higher dose levels in this study part (>50 mg), the
intended pharmacodynamic effects of 1515 388626 (inhibition of renal
urinary glucose reabsorption and lowering of plasma glucose concentra-
tions) were to be estimated by evaluation of glucose handling after an oral
glucose tolerance test (0GTT), performed before the first administration
of 115 388626/placebo and at Week 6. In both study parts, dose escalation
was only permitted when the preceding dose regimen did not raise any
safety concerns.

SAFETY MEASUREMENTS

The safety assessments were similar for both study parts and con-
sisted of recording adverse events and measurement of vital signs,
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electrocardiograms, physical examinations, and clinical laboratory tests
(including clinical chemistry, hematology, coagulation, complement
tests and urinalysis (including excretion of B2m)) throughout the study
period. Adverse events were captured in MEDDRA terms.

RENAL MARKERS

The biomarkers Beta-2-Microglobulin (B2M), Kidney Injury Molecule
(kim1), Alpha-Glutathione S-Transferase (aGsT) and N-Acetyl-f3-(D)-
Glucosaminidase (NAG) were chosen based on their performance on
detecting injury to the proximal tubule where sGLT2 is located [19].
Analysis of renal damage markers aGST and NAG was performed using
quantative enzyme immunoassays (NEPHKITO immunoassay for aGsT,
Argutus Medical Dublin, Ireland, and Diazyme 70010 Rev. F (Poway, USA)
for NAG). KIM1 was measured using a microsphere-based immunoassay.

PHARMACOKINETIC ANALYSIS

For the quantification of 1515 388626, plasma samples were collected fre-
quently after administration of the single dose for 48 hrs after first and
sixth dose in the multiple dose part. In the MAD part samples were also
taken before dosing in week 2 and 4 and during 5 weekly follow-up vis-
its). In addition, PK urine collections were done after first and sixth dose
(up to 24 and 48-hours post-dose). Plasma samples were analyzed using a
validated hybridization enzyme-linked immunosorbent assay and urine
samples were analyzed by a validated Capillary Gel Electrophoresis meth-
od. Both assays were performed at PDD laboratories (Richmond, usa).

The plasma pharmacokinetics of 1515 388626 were evaluated using
non-compartmental analyses. The analyses were performed to deter-
mine the maximum observed plasma concentration (Cmax), the time to
maximum plasma concentration (Tmax), the area under the plasma con-
centration-time curve from dosing to 48 hours after dosing (auco-48h)
using WINNONLIN (version 5.3, Pharsight Corporation, usa).

DATA ANALYSES AND STATISTICAL METHODS

Safety and tolerability evaluation was based on descriptive statistics.
The sample sizes (4 subjects per cohort for the SAD part, 8 subjects per
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cohort for the lowest dose range in the MAD part) were selected to allow
descriptive analysis of safety and pharmacodynamics of 1s1s 388626, and
were not supported by any statistical rationale. The sample size of 12 sub-
jects for the cohorts treated at dose levels exceeding 50 mg 1s1s 388626
was based on observed changes in plasma glucose (Auco-120min) upon
an OGTT challenge in healthy volunteers, with an estimated standard
deviation 85 mmol*min/L. At a sample size of 6 subjects per treatment
group, at least 80% power would be achieved to detect a 170 mmol*min/L
difference in plasma glucose Auco-120min between treatment groups at
an alpha level of 0.05. Based on this power calculation, a sample size of 12
was selected to ensure sufficient power.

The pharmacodynamic evaluation was based on descriptive summa-
ry statistics only for the MAD 50 mg cohort, as previous experience with
second generation oligonucleotides suggests that the minimal pharma-
cologically effective dose exceeds 100 mg/week [20].

Pharmacodynamic effects of 1s1s 388626 at dose levels above 50 mg
were statistically evaluated using a two-sided T-test, with placebo sub-
jects from different cohorts pooled as a group. Serum glucose, 24h
urinary glucose excretion (UGE) and fractional glucose excretion (defined
as (UGE/ filtered glucose load (GFrR*fasted plasma glucose) *100) at the
end of treatment (week 6) were compared between 1SIs 388626 treatment
groups and placebo group. For the cohorts with doses 0f 100, 200, and 400
mg, it was planned to analyze change from baseline of the pharmacody-
namic endpoints to Week 6 assessments among treatment groups using
ANOVA.

Results
SUBJECTS

The study was performed at the Centre for Human Drug Research in
the Netherlands. Sixteen subjects were enrolled and completed the sap
study. 23 subjects enrolled the MAD study, of whom all subjects assigned
to the 50 mg cohort completed the study (8) and the 15 subjects assigned to
the 100 mg cohort terminated early due to a premature halt of the study.
The 6 actively treated subjects of the 50 mg cohort received all 8 doses.
In the 100 mg cohort, the first 4 doses were received by all 12 subjects.
Thereafter 9 subjects received the 5™ dose and 4 subjects received the
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6t dose and no subjects in the 100 mg cohort received the 7t or 8 dose.
Subject demographics are presented in table 1.

SAFETY OUTCOMES

Adverse events (AEs) were reported in 26 (87%) subjects who received
single and multiple doses of 1s1s 388626, and in 6 (67%) subjects who
received placebo. All AEs reported were classified as mild in intensity and
were transient. The most common AE was fatigue which was reported by
eighteen of thirty subjects (60%) treated with single or multiple sc doses
of 1s1s 388626. Incidence of this AE did not increase as dose increased.
Fatigue was also reported in the placebo group in two of nine subjects
(22%). Other than fatigue, the only other AEs that were reported more
than once were headache (13%), nasopharyngitis (33%) and dizziness
(10%). These adverse events are unlikely to be drug-related as these aAEs
occurred in placebo and both dose groups with a similar incidence (table
2). No hypoglycemia occurred at any dose level. In the MAD part of the
study, injection site reactions (ISRs) were observed in the treated groups.
When expressed as Local Cutaneous Reactions at the Injection Site
(LcRris; defined as erythema, swelling, itching, pruritus, pain or tender-
ness with an onset on the day of injection which did not resolve on the
day of the injection or the day after the injection), the above mentioned
skin reactions occurred in 2 out of 6 subjects at doses of 5o mg and in 6 out
of 12 subjects at doses of 100 mg 151s 388626. All 1SRs were mild in sever-
ity. Most ISRs resolved completely and spontaneously during the study
period with a duration ranging from 14 days-2 months. In the two female
subjects, the 1srs did not completely resolve before the last follow up visit.
The 1SRs were not progressive, not accompanied by local lymphadenopa-
thy, and no study discontinuations occurred due to ISRs.

In the saD study, some isolated values outside the normal range val-
ues were observed in individual biochemistry or hematology parameters,
but these were not considered clinically significant. This specifically
applied to markers of hepatic and renal function (liver enzymes, serum
creatinine, blood urea nitrogen (BUN), estimated glomerular filtration
rate (eGFR) and urinalysis parameters) which are organs known for
antisense oligonucleotide accumulation. In the MAD study, several hema-
tology parameters were outside the normal range at isolated time points,
but considered not to be clinically significant. Parameters of coagulation,
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complement and cytokines did not change significantly at any time
point after dosing. Also, no clinically relevant changes in vital signs,
ECG-derived parameters or body temperature were observed. However,
marked changes were observed in serum creatinine levels for several
subjects of both cohorts of the MAD study. In the 50 mg cohort a minimal
increase in average serum creatinine of 0.13 + 0.09 mg/dl (13% increase)
was observed during the first three weeks after treatment initiation
(figure 1), with increases over baseline in individuals ranging from o.11
to 0.23 mg/dL. Since the individual changes in serum creatinine values
were not considered clinically significant, study drug administration in
this cohort was continued. Indeed, serum creatinine values returned to
baseline levels after the third treatment week, despite continued dosing
(figure 1). Subjects did not have any other clinically significant finding
until follow-up, including no change in serum electrolytes or proteinuria.
Variability in serum creatinine over time was large, as demonstrated by
the placebo-treated group, with changes over baseline in serum creati-
nine levels ranging from -0.11 to 0.21 mg/dL. Nonetheless, the changes in
serum creatinine observed in the 1s1s 388626 treated subjects were more
pronounced compared to the placebo group. In the 100mg cohort, during
the first three weeks of study drug treatment an increase in average
serum creatinine of 0.14 + 0.12 mg/dl (16% increase) was observed com-
pared to baseline values, ranging on an individual level from o to 0.47 mg/
dl (figure 1). As the inter-individual variability in serum creatinine upon
ISIS 388626 treatment was high, supplemental individual narratives are
provided below, focusing on two subjects with the most pronounced
increase in serum creatinine level.

The changes in serum creatinine were often accompanied by a small
rise in BUN without clinically meaningful changes in serum electrolytes,
albumin, aldosterone, or plasma renin activity. Besides creatinine and
BUN, no other chemistry parameter, including parameters of liver bio-
chemistry changed after dosing. Urine flow and urinalysis parameters
did not change significantly in the subjects with increased creatinine,
except for one subject, whose urinary protein excretion was 1.48 g/24 hr
after the fourth dose (week 2) (See narratives below).

Based on the observed creatinine increases in the then running 100
mg cohort, further dosing of all subjects was discontinued, for safety rea-
sons. All 15 subjects of the 100 mg cohort (12 on active treatment and 3
on placebo) entered the follow-up period. Therefore, it was impossible to
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assess if continued dosing in the 100 mg dose group would have resulted
in aresolution of the renal effect as observed in the 50 mg cohort.

To provide mechanistic insight into the observed changes in serum
creatinine, analysis of potential renal damage markers KIM1, NAG, alpha-
GST (aGsT) and beta-2-microglobulin (B2M) was performed in biobanked
urine samples (figure 2). After 4 doses, a dose-dependent increase in B2M
excretion was observed in nearly all 1s1s 388626-treated subjects. In the 50
mg cohort an average of 843 +1027.5 ug/24 hrs was observed, versus 69.8
+27.6 ug/24 hrs in the placebo group. For the 100 mg cohort, the increase
was even more pronounced with an average of 2200 + 2956.2 ug/24 hrs
(versus 69.8 + 27.6 ug/24 hrs in the placebo group). Also k1M1 and aGsT
excretion increased upon I1SIS 388626 treatment in the majority of treat-
ed subjects, although there were no clear dose relationships observed for
these renal markers. No significant changes were observed in urinary
NAG excretion upon ISIS 388626 treatment. B2M, KIM1 and aGST excretion
returned to baseline levels during follow-up (data not shown). No signif-
icant changes in absolute creatinine clearance were observed, however
inter and intra subject variability was large (data not shown).

Individual subject narratives

A 63-year old female received 4 doses of 1s1s 388626 at a dose level of
100 mg (Day 1, 3, 5 and 8). A 75% increase in serum creatinine level was
observed in a blood sample collected prior to administration of the fourth
dose (1.1 mg/dL versus 0.61 mg/dL at baseline). There were no additional
clinically remarkable findings, but monitoring of the subject was inten-
sified. Three days after administration of the fourth dose, total urine
protein excretion was 1.5g/24 h, and further treatment was discontin-
ued. During the intensive follow-up period serum creatinine levels and
urine protein excretion decreased and returned to baseline levels with-
in 6 weeks after the last drug administration. A week after the last drug
administration, glucosuria (approximately 1200 mg/24h) was observed.
Post-hoc analysis showed that creatinine changes were accompanied by
transient increases of potential renal damage markers (B2M, NAG, and
KIM1), that also returned to baseline during the follow-up period. Apart
from the transient serum creatinine and urine protein elevations, other
adverse events for this subject (obstipation, fatigue, common cold, and
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ISRs at the four injection sites) were of mild intensity and resolved with-
outintervention. The subject’s 115 388626 AUC 0-24hr levels after the first
dose and trough levels on day 3, 5, and 8 were comparable to the other
subjects in the 100 mg treatment group.

In a39year old male who received 5 doses of 1515 388626 at a dose level
of 100 mg (day 1, 3, 5, 8, and 15), a 54 % increase in serum creatinine level
was observed prior to administration of the fifth dose (1.39 mg/dL versus
0.90 mg/dL at baseline). 151s 388626 treatment was discontinued and an
intensive follow-up period was started in which serum creatinine values
returned to baseline levels. Renal damage markers (proteinuria, B2M and
aGsT) transiently increased, peaking after the fourth dose and return-
ing to baseline levels during the follow-up period. No change in urinary
glucose excretion was observed in this subject. Apart from the serum cre-
atinine elevations, the other adverse events (one 1SR and migraine-like
symptoms after the first dose) relieved with paracetamol and ibuprofen
treatment) were of mild intensity. Also for this subject, 1515 388626 AUC
o-24hr after the first dose and trough levels on day 3, 5, and 8 were compa-
rable to the other subjects in the 100 mg treatment group.

PHARMACOKINETICS

Following single sc injection, ISIS 388626 was rapidly absorbed as
demonstrated by reaching maximum plasma concentrations (Cmax)
between 1.2 and 1.5 hours (figure 3, table 3). Plasma concentrations of 1S1s
388626 decreased rapidly after reaching Cmax, and distributed to tissues.
The total amount of 1s1S 388626 in urine increased more than dose-pro-
portionally (figure 4).

After single administration of 1sIs 388626, AuC increased in a
dose-proportional manner, whereas the increase in Cmax was less than
dose-proportional (table 3). Repeated pharmacokinetics in the multi-
ple dose study part could only be assessed for the 50 mg dose, as other
dose levels were prematurely terminated or not executed. The Px analy-
sis showed that no accumulation of 1s1s 388626 occurred with repeated
dosing, as demonstrated by Cmax and auc (table 4). Plasma pharmacoki-
netic parameters were comparable between the first dose (day 1) and last
dose (day 36). The differences in plasma aAuc and Cmax between subjects
in the single dose cohort and multiple dose cohorts are likely explained by
inter-subject variability.
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PHARMACODYNAMICS

Due to the early halt of this part of study, the statistical analysis was
constrained and a formal efficacy analysis could not be performed.
Descriptive statistics are provided, describing effects of 1515 388626 on
UGE, FI and serum glucose following the 0GTT in the MAD 50 mg cohort,
and the MAD 100 mg cohort that was halted prematurely. Repeated
administration of 50 mg 151s 388626 did not alter urinary glucose excre-
tion or fractional glucose excretion after 6 weeks of treatment, compared
to baseline levels or compared to placebo treatment (figure 5 and 6). At
follow-up, six weeks after the last administration of 1S1S 388626, a possi-
ble trend towards an increased urinary glucose excretion and increased
fractional glucose excretion was observed in the treatment group com-
pared to placebo. However, this observation could not be confirmed by
the results of MAD 100 mg cohort, most likely because of the premature
study termination.

Discussion

The objectives of these first-in-human study was to assess the safety,
pharmacokinetic and pharmacodynamic effects of single and multiple
sc doses of 1s1s 388626. It was shown that the pharmacokinetics of single
doses of the compound were characterized by a rapid absorption after
sc administration, almost dose-linear increases in Cmax and Auc and
urinary excretion as expected for 20-mer antisense oligonucleotides of
this chemical class [20-22], and without safety signal suggesting untow-
ard effects.

Although the multiple dose part of the study was prematurely halted
because unexpected findings regarding creatinine increases, this part of
the study showed that the concept of sGLT2 inhibition by antisense oNs
may be promising. The limited data that could be collected showed that
antisense-mediated SGLT2 inhibition may result in glucosuria without
hypoglycemia. This is in accordance with findings in small molecule
sGLT2 inhibitors [23] and genetic disruption/absence of SGLT2 gene [24].

The unexpected renal findings demonstrated by the substantial
increase in serum creatinine and increase in urinary excretion of B2M,
aGsT and K1M1 obviously warrant further evaluation.
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Although the increase in serum creatinine levels could be explained by
increased production, this is unlikely also because cpk levels in blood and
urinary creatinine excretion did not differ significantly between groups
(data not shown). This suggests that reduced kidney clearance, based
on decreased filtration or decreased tubular secretion of creatinine are
likely explanations for our observations. Creatinine clearance is likely to
be affected, however this was not detectable, possibly due to a large inter
and intra subject variability of creatinine clearance.

The findings of a dose-dependent increased urinary excretion of B2M
further supports the view that tubular dysfunction explains our findings.
This type of tubular dysfunction has been described also for cimetidine
and is thought to reflect tubular adaptation to altered function, whereby
impaired tubular creatinine secretion results in decreased re-absorption
of proteins such as albumin and B2M. This is strengthened by the obser-
vation that B2M is filtrated and reabsorbed by proximal tubular cells via
similar pathways as luminal uptake of antisense oligonucleotides [16;25].
It may be hypothesized that oNs impair megalin and cubulin mediated
uptake. However, it cannot be ruled out that our findings are explained by
tubular damage rather than functional adaptation, as increases of urinary
KIM1 and aGsT, the latter seemingly related to cumulative dose, were also
observed. KIM1 is a transmembrane protein expressed by tubular epithe-
lial cells in response to injury and acts by increasing the capacity to clear
cell debris by phagocytosis. Similarly, the increase in urinary excretion of
aGsT, an intracellular lysosomal enzyme not filtrated by glomerulus, may
reflect damage of the organelles of tubular cells. It remains unknown if
this is related to the accumulation of oligonucleotide within phagolyso-
somes of proximal tubule cells, which is a common microscopic finding
after oligonucleotide administration in animals [15;16]. For the majority
of oNs this commonly is benign, although there seem to be a few excep-
tions. Animal studies with other phosphorothioate oNs have shown an
association with proximal tubular degeneration and necrosis in the kid-
neys [26-28]. This renal toxicity commonly occurs only at doses that are at
least 10- to 100-fold higher than administered in clinical trials, therefore
the relevance of these findings for humans is unknown. Whether accu-
mulation of oNs in tubular cells is innocuous when the targetis also in the
tubuli should be explored further. Thus, tubular dysfunction appears to
be a reasonable explanation for our findings. We consider it unlikely that
extensive tubular degeneration and necrosis occurred in our study as the
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changes in renal function were rapidly reversible. It is more likely that a
milder form of tubular dysfunction occurred in which the tubuli, which
had taken up the oN, showed functional impairment in secreting creati-
nine and a decreased capacity to reabsorb BaM. A third explanation of the
observed signals could be temporary disruption of membrane function.
Loss of the sLGT2 transporter could impact expression or function of
other transporters in the proximal tubules, needed to maintain the com-
plex balance of apical and basolateral transport. The changes observed
were relatively mild and reversible of nature, nonetheless could well
reflect sub lethal cellular injury taking into account the KIM1 increase.

Due to the early halt adequate assessment of the pharmacodynamic
properties of 1SIS 388626 was not possible. It appears that there was a
trend towards higher urinary glucose excretion during follow-up after six
weeks of treatment with 50 mg as compared to placebo, but the variability
between subjects precludes strong conclusions. The doses and duration
of treatment with 1s1s 388626 should be increased in future clinical
studies in order to achieve exposure comparable with pharmacological
effective doses in animals [12]. Obviously, this can only be justified with a
better understanding and possibly avoidance of the unexpected adverse
renal effects. In this respect it should be noted that similar effects after
comparable treatment regimens with 1s1s 388626 in rodents and mon-
keys did not lead to these similar changes. This may be explained by the
fact that sampling time points in these studies were taken after 6 and
13 weeks of dosing [13]. The observed creatinine increases in our study
occurred earlier in time and reduced with continued dosing (in the so mg
cohort). If in animals the renal changes also occurred early, these appar-
ently abated.

More extensive preclinical investigation, focused on early chang-
es and comparing different dose regimens such as abandoning a
loading regimen and/or less frequent dosing, could be considered as
future experiments. Further, it might be of interest to include in such
experiments other drugs that increase serum creatinine, such as cimeti-
dine. Comparing 1s1s 388626 to small molecule sGLT2 inhibitors could be
used as benchmark and confirm or refute the hypothesis that the renal
effects are related to sGLT2 inhibition. Further development of anti-
sense-mediated knockdown of sGLT2 can only be justified when possible
mechanisms causing the increase in serum creatinine and urinary excre-
tion of B2M, aGsT and K1M1 are understood and manageable.
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Figure2 Box-Whisker plot of urinary renal damage markers Pre-Dose and Post-Dose (after 4 doses).
The bottom and top of the box are the 25th and 75th percentile, respectively and the band inside is

the median. The ends of the whiskers represent the minimum and maximum of all the data. Dots are
individual results, grey being pre-dose measurements, black being values measured after 4 doses of
study drug. After 4 doses, a dose-dependent increase in B2M excretion was observed in nearly all 1s1s
388626-treated subjects. An average of 843 +1027.5 ug/24 hrs was observed for the 50 mg cohortand
2200 +2956.2 ug/24 hrs for the 100 mg cohort, versus 69.8 + 27.6 ug/24 hrs in the placebo group. Also
KIM1and aGST excretion increased upon Is1s 388626 treatment in the majority of treated subjects,
although there were no clear dose relationships observed for these renal markers. No clear changes

occurred in urinary NAG.
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Figure3 Profile of plasma pharmacokinetics during the first 48 hours after a single dose of study
drug. Average concentrations with sp error bars. Following single sc injection, 1SIs 388626 was
rapidly absorbed as demonstrated by reaching maximum plasma concentrations (Cmax) between 1.2
and 1.5 hours.
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Figure4 AverageIsIs 388626 urinary excretion (mg), with sp error bars after one dose of study drug
during the first 24 hours and during the 24-48 hour interval. N=3 subjects per dose level. The total
amount of 1S1s 388626 in urine increased more than dose-proportionally.
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Figure5 Average urinary glucose excretion time profile graph, with sp error bars. w=week. EoT= Table1 Summary of subject demographics. sAp: Single Ascending Dose. MAD: Multiple Ascending
End Of Trial. 0GTT= Oral Glucose Tolerance Test. Repeated administration of 50 mg 1s1s 388626 did Dose

notalter urinary glucose excretion after 6 weeks of treatment. At follow-up, six weeks after the last
administration of 1s1s 388626, a possible trend towards an increased urinary glucose excretion was

Number Age (yrs+Sd) BMI (Kg/m2+Sd) %Male

observed.
SAD 50 mg 3 31.3413.7 23.641.7 100
URINARY GLUCOSE EXCRETION
800 SAD 100 mg 3 22.045.3 23.442.1 100
700 [ SAD 200 mg 3 24.745.0 23.541.5 100
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8 400 [~
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Table3 Plasmapharmacokinetics Single Ascending Dose study. N=number

Dose N Auco-48hr(ug*hr/mL) Cmax (ug/mL) Tmax (hr)
s0mg 3 5.82+2.18 1.31£0.59 1.17£0.58
100mg 3 13.0+0.78 1.72£0.35 1.17+0.76
200 mg 3 22.2+0.88 2.88+0.52 0.83+0.29
400mg 3 42.8+2.47 4.58+0.19 1.5+1.32

Table4 Plasmapharmacokinetics Multiple Ascending Dose study. N=number

Dose StudyDay N Auco-48hr(ug*hr/mL) Cmax (ug/mL) Tmax (hr)
somg 1 6  9.58+1.39 1.65+0.37 1.25+0.27

36 6 9.78+1.53 1.6740.26 1.33+0.61
1oomg 1 12 16.1+3.09 2.2340.36 1.21+1.01

ANTI SENSE AND SENSIBILITY — RENAL AND SKIN EFFECTS OF (ANTISENSE) OLIGONUCLEOTIDES

Journal of Experimental Therapeutics, 2016 116.233809

NOVEL ANTISENSE

SGLT2Z INHIBITOR
CAUSES SERUM

CREATININE INCREASES
WITHOUT AFFECTING
RENAL BLOOD FLOW

OR GLOMERULAR
FILTRATION

Leonie van Meer, Marloes van Dongen, Matthijs Moerland,
Marieke de Kam, Erica Klaassen, Adam Cohen,
Jacobus Burggraaf

."”'I 114’;//};9 ‘ g \P‘a‘ 4,
e e e g,




Abstract

ISIS 388626 is an antisense oligonucleotide designed to inhibit the renal
SGLT2 receptor to treat Type 2 Diabetes Mellitus by inducing glucosuria.
The first-in-human trial with this drug candidate was halted early due
to unexpected effects on renal function. Additional and more extensive
preclinical testing of 1s1s 388626 with different dose regimens provid-
ed more insight into the renal effects. An adapted study design without
loading dose was proposed to avoid these untoward effects and the
study was restarted with a multiple ascending dose design with weekly
50, 100 and 200 mg for 13 weeks. Despite changing the dose regimen,
treatment with 50 mg 1s1s 388626 induced serum creatinine increas-
es and increases in urinary renal markers. These changes prohibited
dose escalation to the 100 mg dose. Instead, a new cohort of volunteers
was treated at the 50 mg dose level to explore if the observed transient
increases in renal damage markers coincided with functional renal
changes. This was assessed with renal clearance tests to evaluate the
impact of 1515 388626 on GFR and renal plasma flow. Weekly 1515 388626
treatment at a dose level of 50 mg for 13 weeks increased average serum
creatinine (with 0.15 mg/dl) and renal damage markers. The changes
were relatively mild and fully reversible upon cessation of dosing. The
renal clearance test revealed no indications for impairment of glomer-
ular filtration or renal perfusion. No increase in renal glucose excretion
was observed at the 50 mg dose level, as was expected based on preclin-
ical data. To elicit pharmacological activity exposure is to be increased.
Exploration of higher 1s1s 388626 dose levels in healthy volunteers is
possible as long as a careful approach is applied with close monitoring
of renal function and damage markers.

Introduction

The strategy of sGLT2 Inhibition in the treatment of Diabetes Mellitus Type
2 has proven its efficacy and has led to the registration and approval of
several small molecule sGLT2 inhibitors [1-3]. An alternative to SGLT2 inhibi-
tion by small molecules, which result in a moderate 30-50 % inhibition only,
could be antisense-mediated sGLT2 knock-down. 1s1s 388626 is such an
antisense oligonucleotide which in animal models causes > 80% reduction
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of renal SGLT2 mRNA expression at doses of 1-3 mg/kg/week (rodents) to 30
mg/kg/week (monkeys), resulting in effective glucosuria [4;5].

As 1815 388626 appeared to be effective and safe in animal studies
ranging from 6 weeks to 6 months in duration the compound was test-
ed in humans. These first clinical studies with 50-100 mg sc weekly after
a loading dose regimen of three doses during the first week showed,
contrary to expectations, possibly untoward renal effects (chapter 2 of
this thesis, L. van Meer et al.). In summary, 3-4 week treatment with I1s1s
388626 resulted in dose-dependent, transient, fully reversible, and vari-
able (range; 0 - 73 % at 100mg 1S1s 388626) increases in serum creatinine
that was accompanied by increased urinary excretion of renal markers
such as beta-2-microglobulin (82M) and Kidney Injury Molecule 1 (KIM1).
This was unexpected as in animals assessments at 6 and 13 weeks had not
shown such results. The pertaining clinical study was halted early and
further pre-clinical data were collected. First, bio-banked samples collect-
ed earlier than 6 weeks in previously performed pre-clinical experiments
were analyzed. This showed that also in animals, relatively early during
weekly treatment with 1s1s 388626 after using loading doses resulted in
transient increases in serum creatinine and urinary excretion of B2M
and protein. The changes were reversible even upon continuation of dos-
ing (unpublished data, on file). Thus, the apparent discrepancy of renal
effects of 1s1s 388626 treatment in rodent and monkeys and humans
could be explained by the timing of the assessments [4-6]. In a further
dedicated experiment in monkeys it was explored if the renal effects by
1S1S 388626 could be explained by the loading dose. Animals were dosed
for 13 weeks with either 30 mg/kg every other day or a single dose in the
first week, followed by weekly dosing for another 12 weeks. This exper-
iment showed that changes in renal markers occurred only with the
loading dose regimen. Importantly, this study also showed that abandon-
ing theloading dose 1515 388626 still resulted in glucosuria, while changes
in serum creatinine did not occur.

Based on these findings, the clinical study was restarted with the aim
to investigate the effects of 13 weekly sc doses of 50, 100 and 200 mg 1s1s
388626. However, omitting the loading dose did not prevent increases in
renal markers, as described here. Dose escalation after somg was stopped
and further explorations were done to investigate whether the transient
increases in renal markers in humans could be explained by functional
changes in renal blood flow and/or glomerular filtration rate.
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Materials and Methods

SUBJECTS

Adult subjects (18-65 yrs), male or female (post-menopausal or surgically
sterile) with a BMI < 30 kg/m2 and a fasting plasma glucose and a normal
Hba1c could participate in this study. Subjects with significant abnormal-
ities in medical history, physical examination, 12-lead electrocardiogram,
and clinicallaboratory evaluations (including positive protein in urine dip-
stick analysis and calculated eGFR below 60 ml/min by MDRD equation([7]
were excluded The study was conducted in accordance with good clinical
practice guidelines, after approval by the national ethics committee.

STUDY DESIGN

This was a double-blind, randomized, placebo-controlled multiple
ascending dose study of 12 weeks duration and 5 weeks follow-up, with
weekly administration of 151s 388626 to establish the safety profile and
pharmacodynamics of the compound, performed at the Centre for
Human Drug Research in the Netherlands. Per cohort, 16 randomly
assigned subjects received multiple doses of either 1515 388626 or placebo
(in a 3:1 ratio), administered as subcutaneous injection. An oral glucose
tolerance test (OGTT) was performed before the first administration of
1S1S 388626 (or matching placebo) and at week 9 and 13. The oGTT consist-
ed of ingestion of a 75 mg glucose solution, given after an overnight fast.
Subsequently blood was drawn regularly during 4 hours for determina-
tion of glucose, insulin and C-peptide concentrations. It was anticipated
to investigate the effects of 50, 100 and 200 mg 1s1s 388626, but due to
unexpected findings in the 50 mg cohort, execution of the 100 and 200 mg
cohort was cancelled. To explore the nature of the observed safety signals
in more detail, renal clearance tests (using PAH and sinistrin infusions)
were performed regularly in an additional cohort treated with the same
dose regimen (weekly administration of 50 mg 151s 388626 or placebo).

DOSE RATIONALE

It was anticipated to explore 50, 100 and 200 mg of 1S1s 388626. The doses
were based on a MABEL approach, taking into account a No Adverse Effect
Level estimated to be 10 mg/kg/week (including a loading dose regimen)
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in monkeys. In preclinical studies across multiple species, the pharma-
cologically active dose range of 1s1s 388626 was 1-3 mg/kg/week. At this
exposure, a significant reduction in SGLT2 mRNA occurred (74 to 97% in
mice and approximately 30 to 90% in monkeys over the dose range 1-30
mg/kg/week), accompanied by a 25-200 fold increase in urinary glucose
excretion [5;6;8]. Based on this, estimation of the equivalent human
effective dose falls in the range of 1-3 mg/kg/week. Experience with other
2-MoE-modified antisense oligonucleotides, safely administered (intra-
venously and subcutaneously) in multiple clinical studies at doses up to
weekly 750 mg (which translates into 10.7 mg/kg/week assuming an aver-
age weight of 70 kg), with treatment durations exceeding one year [9],
further supports the safety of this dose range.

The dose regimen was chosen because the loading dose (3 doses in
the first week) resulted in creatinine increases in prior human studies
(chapter 2 of this thesis, L. van Meer et al.) and dedicated experiments in
monkeys showed that changes in renal markers occurred only with the
loading dose regimen. The treatment duration of 12 weeks (13 doses) was
selected, which was expected to be safe and resulting in sufficient steady
state tissue concentrations, based on animal studies.

CLINICAL MEASUREMENTS

Safety assessments, performed throughout the study period, included vital
signs, electrocardiograms, physical examinations, and clinical laboratory
tests (including clinical chemistry, hematology, coagulation, cytokines,
complement tests and urinalysis (including B2M and protein)) as well as reg-
istration of adverse events. Adverse events were defined as any new medical
occurrence or worsening of a pre-existing condition after administration of
the study drug or placebo. Predefined stopping rules regarding renal param-
eters were defined as changes in serum creatinine change from baseline of
more than 0.3 mg/dL or more than 40% on two consecutive weeks, or pro-
teinuria of more than 0.5 g/24hr occurring on two consecutive weeks.

RENAL MARKERS

The biomarkers B2M, aGST and NAG were chosen based on their perfor-
mance on detecting injury to the proximal tubule where sGLT2 is located
[10]. Analysis of renal damage markers aGsT and NAG was performed
batch-wise upon study completion by quantative enzyme immunoassays
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(Argutus Medical NEPHKITO immunoassay for aGsT, and Diazyme 70010
Rev. F, colorimetric end point assay for NAG).

RENAL PERFUSION AND GLOMERULAR FILTRATION

Renal clearance tests to assess RPF and GFR were performed using
established and validated techniques [11-13]. Sinistrin infusion allows
calculation of glomerular filtration rate (GFR) as it is not secreted or reab-
sorbed in any appreciable amount by the kidney. paH infusion allows
calculation of renal plasma flow (RPF) as it is completely secreted and not
reabsorbed by the tubules. The intravenous infusion of sinistrin and pAH
started 90 minutes after administration of 1S1s 388626 or placebo. Infusion
rates were calculated with the aim to obtain a steady state concentration
that was comparable between subjects and within the measurable range.
PAH and sinistrin doses, corrected for lean body mass, serum creatinine
and age were administered via a continuous infusion of 120 minutes (infu-
sion rates ranging from 400 to 750 mg/hr and from 380 to 740 mg/hr for
sinistrin and PAH, respectively), preceded by a 10-minute priming dose
that was corrected for body surface area (ranging from 825 to 1200 mg
and from 840 to 1200 mg for sinistrin and PAH respectively). Plasma sam-
ples for PAH, sinistrin and hematocrit measurement and urine samples
for paH and sinistrin measurement were collected at 30 minute intervals.
During the infusion period, hydration was maintained by subjects drink-
ing amounts of water matching urinary output, with a maximum of 4 L,
to ensure sufficient urine production. Serum and urinary sinistrin levels
were analyzed according to the method described by Looye ([14]) PAH lev-
els were measured according to the method described by Waugh et al. [15].

No formal power calculation was performed, however group size (12
treated subjects) was considered to be sufficient as expected effect size of
change in GFR (in case present) was around 17% and as previously shown,
differences of 10% GFR can be detected with a group size of 9 healthy vol-
unteers [12].

PHARMACOKINETICS

ISIS 388626 plasma levels were measured in using a validated hybridiza-
tion enzyme-linked immunosorbent assay (PDD laboratories, Richmond,
usa) frequently for a 24 hour profile after the first and 13th 1515 388626
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dose, and predose on weeks 3, 8, 10 during treatment and on 5 weekly fol-
low-up visits. In addition, 1SIs 388626 urine levels were measured using
a validated Capillary Gel Electrophoresis method (pPD Laboratories,
Richmond, usa), in 24 hour collections after the first and 13th dose (up to
24 and 48 hours post-dose).

DATA ANALYSIS AND STATISTICAL METHODS

Safety and tolerability evaluation was based on descriptive statistics.
1S1S 388626 plasma concentrations were subjected to non-compartmen-
tal pharmacokinetic evaluation in order to determine the maximum
observed plasma concentration (Cmax), the time to maximum plasma
concentration (Tmax), the area under the plasma concentration-time
curve from dosing to 24 hours after dosing (auco-24h) using WINNONLIN
(version 5.3, Pharsight Corporation, usa).

Results
SUBJECTS

Sixteen subjects were enrolled and thirteen subjects completed the first
study part (5omg/placebo). One subject withdrew consent for personal
reasons after receiving 12 doses, and in two subjects dosing was stopped
due to safety findings; in one subject after 5 doses due to increases in
serum creatinine, in the other subject after 7 doses due to increased liver
biochemistry parameters (see safety results for details). Another sixteen
subjects were enrolled in the second study part study which includ-
ed renal clearance tests (RCT); demographics are presented in table 1.
Subjects were randomized to 13 weekly sc injections of 50 mg 1S1s 388626
(n=12) or placebo (n=4).

SAFETY

All reported adverse events (AEs) were of mild intensity and transient
(table 2). The most common AEs were headache, gastrointestinal com-
plaints (diarrhea, nausea or abdominal discomfort) and mild upper
respiratory complaints (nasopharyngitis and flu-like symptoms).
Since the incidence of AEs was comparable between active treatment
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and placebo, it is considered unlikely that these AEs are related to 1s1s
388626 administration. Injection site reactions (ISRs) were observed in
2 out of 12 18IS 388626-treated subjects (17%) in the first study part. No
I1SRs were observed in the second study part (table 2). In one subject
hyperpigmentation was reported. The 1SRS were not progressive and
not accompanied by local lymphadenopathy. 1srs were considered to be
related to administration of study drug and all resolved completely and
spontaneously during the study period.

ISIS 388626 treatment did not result in any clinically relevant changes
in vital signs, EcG-derived parameters, body temperature, hematology,
coagulation, complement or cytokines. Also chemistry parameters, inclu-
ding hepatic enzymes and glucose levels, were generally unchanged with
the exception of elevated serum creatinine levels in multiple subjects.
It was also observed that in one participant after 7 doses of 1sIs 388626
transiently increased liver biochemistry parameters occurred (maximal
change from baseline AST 3.6-fold ULN, ALT 4-fold ULN, confirmed by
repeated measurement). This laboratory finding was suspect for a viral
infection as it coincided with mild joint pain and tonsillitis. Study drug
administration was discontinued and hepatic chemistry normalized
within 2 weeks. Before treatment start, serum creatinine levels were com-
parable for the 1515 388626 group and placebo group (table 1). 1515 388626
treatment resulted in a rapid and sustained increase in serum creatinine
concentrations, peaking at the end of dosing (figure 14) with an average
increase over baseline of 0.17 + 0.08 mg/dL (+20 %). The observed increase
in serum creatinine was variable between subjects, ranging from 0.10-0.33
mg/dL at week 13, but the increase was observed in all 115 388626-treated
subjects and in none of the placebo-treated subjects. Study drug adminis-
tration was discontinued for one subject in whom one of the predefined
stopping criteria was met; 41% increase in serum creatinine after five
1s1s 388626 doses. Upon cessation of 1SIs 388626 administration, serum
creatinine levels returned to baseline in all subjects within 5 weeks. The
observed changes in serum creatinine were not accompanied by rises in
BUN or any clinically meaningful changes in serum electrolytes, albumin,
aldosterone, plasma renin activity (data not shown).

Urine flow and urinalysis parameters did not change significantly in
the subjects with increased serum creatinine levels. 1S1s 388626 treatment
did not result in changes in renal damage markers NAG and aGsT (data
not shown). Creatinine increases did coincide with increase in urinary
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B2M (figure 1B) with a maximal average change from baseline of 1250 +
1361 pg/24hr (15-fold increase) at week 12. Although the inter-individual
variability in urinary B2M was substantial, in 9 out of 12 1515 388626-treat-
ed subjects an increase was observed, returning to baseline levels within
5 weeks after treatment cessation. Average excretion of urinary protein
was larger in the 1S1s 388626 -treated group, but variability was substan-
tial in both treatment groups (figure 1c).

RENAL PERFUSION AND GLOMERULAR FILTRATION

To explore the nature of the observed renal findings in more detail, an
additional cohort was treated with the same dose regimen e.g. weekly
administration of 50 mg 1515 388626 or placebo. Renal clearance tests (with
PAH and sinistrin) were performed to assess kidney function. Comparable
1s1s 388626-induced effects were observed as in the first study part, with
transient increases in serum creatinine and urinary B2M and mildly ele-
vated urinary protein levels (figure 24,B,C). aGST was slightly elevated in
the 1515 388626-treated group, but variability was substantial (data not
shown). RPF and GFR were in the expected range, as was the filtration frac-
tion (GFR/RPF*100) of approximately 20%. Neither RPF nor GFR changed
during the entire 13-weeks 1S1s 388626 treatment period (figure 3).

PHARMACOKINETICS

After the first dose average maximal plasma concentrations 0f 1240+274.4
ng/mLwere reached at 1.2+0.32 hours, and the Auc 0-24hr was 7627+1202
ng*hr/mL. Following the 13th dose comparable values were found (Tmax
1.420.56 hours, Cmax 1275+470.6 ng/ml, Auco-24hr 8626+1037ng*hr/mL),
suggesting little or no accumulation of the study drug. Mean urinary
excretion after the first dose was low (1.9+0.729%) during the first 24 hours
after dosing and also during the subsequent 24 hours (1.6+0.60%).

PHARMACODYNAMICS

To explore the pharmacological activity of 1s1s 388626, oral glucose toler-
ance tests were performed before the first administration of 1s1s 388626
or placebo and at week 9 and 13. The observed time-concentration curves
for serum glucose, insulin and c-peptide after oGTT were not different
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between the treatment groups (data not shown). During the first four
hours after glucose intake of the OGTT urinary glucose excretion was
increased in the 1S1s 388626 treated groups (figure 4a). At week 13 the
observed difference in change from baseline values was 1.41 g/4hr com-
pared to 0.04 g/4hr in the placebo group.

The average 24 hr urinary glucose excretion and the fractional glucose
excretion over time during the treatment period did not differ between
the treatment groups (Figure 4B).

Discussion

This clinical study was performed to investigate the effects of multiple
1s1s 388626 doses, administered weekly for a period of 13 weeks, without
using a loading dose regimen. It was anticipated to explore dose levels
of 50, 100 and 200 mg. Changes in renal parameters at the 50 mg dose
precluded dose escalation to the 100 mg dose. Instead, a new cohort of
volunteers was treated with the same dose to explore if the observed tran-
sientincreases in renal markers coincided with functional renal changes.

In the first 50 mg cohort commonly observed adverse events such as
headache, mild upper respiratory complaints and mild gastrointestinal
complaints occurred in the placebo group ata similarincidence, and were
not considered to be 1s1s 388626-related. In several 1S1s 388626-treated
subjects injection site reactions were observed. The observed 1sRs were of
mild severity and regressed spontaneously. The frequency and severity of
the observed skin reactions appears to be lower than described for other
phosphorothioate oligonucleotides at similar doses [16;17]. Furthermore,
in one ISIS 388626-treated subject transiently increased liver biochem-
istry parameters were observed, resulting in discontinuation of study
drug. Although no explanation was found, it is unclear if the event was
related to 1S1s 388626 treatment.

Repeated administration of 50 mg 151s 388626 resulted in gradually
increasing serum creatinine concentrations that were maximal (+20%)
after the final dose, concomitant with an increase in urinary B2M. B2M
is generally considered to be a marker of glomerular injury, although
certain types of tubular dysfunction also result in increases [18-20]. The
urinary excretion of NAG and aGsT did not change upon 1515 388626 treat-
ment. Generally, phosphorothioate antisense compounds are known to
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induce renal changes including degeneration and regeneration effects
in proximal tubules, but these are generally observed at least 10- to
100-fold higher dose levels (exceeding 50 mg/kg) [21-23]. Moreover, the
observed creatinine increases were unexpected, since dedicated animal
experiments had previously demonstrated that 1s1s 388626-induced
creatinine changes were dependent on the application of a loading dose
regimen, which was avoided in this clinical study.

To explore whether the observed transient increases in renal markers
coincided with functional changes, a new cohort of volunteers exposed
to the same 1s1s 388626 dose level and regimen, and paH and sinistrine
clearance was assessed to estimate RPF and GFR. The effects on serum
creatinine and urinary markers were reproduced in this second cohort,
but we found no indications that the changes can be explained by 1s1s
388626-induced changes in GFR and RPF. This may suggest that the
observed increase in serum creatinine and other renal markers are more
likely related to changes in tubular function.

No effect of 1s1s 388626 treatment on glucose handling was observed
which was not surprising given the relatively limited exposure, and
the fact the study was not designed to demonstrate pharmacodynamic
effects. In general, pharmacologically effective dose levels for second
generation oligonucleotides exceed 100 mg/week [16;24;25]. Small mol-
ecules targeting sGLT2 induced glucose excretion in the range of 10 to
80 grams per 24 hrs, even in healthy subjects [26]. The glucose excretion
observed in our study ranged from 0.03 to 9.84 grams, which indicates
that the maximal 1515 388626 dose level tested may be far below dose lev-
els anticipated to have intended pharmacological activity.

In summary, weekly 1515 388626 treatment at a dose level of 50 mg
for 13 weeks increased serum creatinine and renal damage markers
in a relatively mild, fully reversible manner and was not associated
with impairment of glomerular filtration or renal blood flow. This dose
level and regimen did not significantly alter renal glucose handling.
Exploration of higher 1s1s 388626 dose levels in healthy volunteers is
possible as long as a careful approach is applied with close monitoring of
renal function.
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Figure1

First study part with 50 mg. A. Average serum creatinine (mg/dl), change from baseline

values with sD error bars. B. Average urinary B2M excretion (ug), change from baseline values with sp
error bars. c. Average urinary protein excretion (g), absolute values with sp error bars.

Figure2 Repeatstudywith50mg. A. Average serum creatinine (mg/dl), change from baseline values
with sp error bars. B. Average urinary B2M excretion (ug), change from baseline values with sp error
bars. C. Average urinary protein excretion (g), absolute values with sp error bars.
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Figure4 A.urinary glucose excretion during the first 4 hour interval of the oGTT (4hr). The gray bar
indicates the treatment phase. B. Urinary 24 hr glucose excretion. The grey bar indicates the treatment
phase. The black bar indicates the 5 weeks of follow-up
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Table1 Summary of subjectbaseline characteristics.
Treatment N Age BMI % Early Serum Hba1c
(yrs, Std) (Kg/m2, Male termination Creatinine (%, Std)
Std) of subjects*  (mg/dl, Std)
somg 12 33.9+/-14.23 23.5+/-3.13 100 7 0.88+/-0.098 5.2+/-0.21
Placebo 4 40.7+/-16.78 22.7+/-4.10 75 1 0.91+/-0.149  5.4+/-0.29
somgwithRCT 12 35.2+/-14.68 23.1+/-2.62 92 None 0.92+/-0.120  5.0+/-0.27
PlacebowithrcT 4 31.3+/-8.06 24.1+/-2.32 100  None 0.87+/-0.104 +/-0.29

* In one subject dosing was stopped due to increases in serum creatinine after five doses and another subject was
stopped due to increased liver biochemistry parameters after seven doses (see safety vesults) and one subject stopped
after 12 doses due to personal reasons.

Table2 Frequency overview of adverse events reported in more than one subject (%).

somg PLACEBO somgwithrct Placebowith

(n=12) (n=4) (n=12) RCT (n=4)
Headache 33%(n=4)  50% (n=2) 50% (n=6) 25% (n=1)
Mild upper respiratory complaints ~ 58% (n=7)  75% (n=3) 75% (n=9) 75% (n=3)
Mild gastrointestinal complaints 58%(n=7)  75% (n=3) 33% (n=4) 25% (n=1)
ISRS 17%(n=2) 0% (n=0) 0% (n=0) 0% (n=0)
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Abstract

The aim of this study was to study the effects of the sGLT2 inhibitor 1515
388626. ISIS 388626 is an antisense SGLT2 inhibitor, designed to treat type
2 diabetes mellitus. 1s1s 388626 was demonstrated to be safe and effec-
tive in preclinical trails, reducing renal SGLT2 mRNA expression in rodent
and monkeys, translating into effective glucosuria. A randomized, pla-
cebo-controlled, dose-escalation Phase 1 study was designed to evaluate
the effects of 1s1s 388626 in healthy volunteers. Twenty-nine subjects
were enrolled sequentially into 1 of 2 dose cohorts at a 3:1 (active/placebo)
ratio. Subjects received 13 weekly doses of 100 or 200 mg over 12 weeks.
The primary pharmacodynamic endpoint was change in urinary glu-
cose excretion. In addition, biomarkers of kidney toxicity were assessed
throughout the dosing period to explore the safety profile. 1515 388626
increased 24 hour urinary glucose excretion dose-dependently with 508.9
+ 781.45 mg/day in the 100 mg and 1299.8 + 1833.4 mg/day in the 200 mg
cohort, versus 88.7 + 259.29 mg/day in the placebo group. 1515 388626 also
induced a reversible increase in serum creatinine, with the largest effect
after 8 doses of 200 mg 1515 388626 (0.38 + 0.089 mg/dL; 44%increase over
baseline). Three subjects were discontinued due to creatinine increases.
The creatinine increases were accompanied by a rise in the levels of uri-
nary renal damage markers (B2M, total protein, KIM1, aGST, NAG). Other
treatment related AEs included mild 1SRs, occuring in 8-19% of the sub-
jects. In conclusion, 1515 388626 treatment induced glucosuria at a dose
level of 200 mg/week. This intended pharmacological effect was small,
amounting approximately 1% of total amount of filtered glucose. Changes
in serum and urinary markers were indicative of transient renal dysfunc-
tion, most likely of tubular origin. Whether the glycosuria is caused by
specific sGLT2 inhibition or general tubular dysfunction or a combina-
tion remains uncertain.

Introduction

The antisense oligonucleotide 1515 388626 inhibits the synthesis of the renal
SGLT2 receptor, which accounts for 90% of the reabsorption of glomerular
filtrated glucose [1;2]. sGLT2 inhibition affects renal glucose reabsorption,
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resulting in glucosuria and lowered serum glucose levels. The strategy of
SGLT2 inhibition for the treatment of type 2 diabetes mellitus is effica-
cious and has led to the registration and approval of a number of small
molecule SGLT2 inhibitors [3-5]. ISIS 388626 treatment was effective and
safe in animals, in studies ranging from 6 weeks to 6 months in dura-
tion [1;2]. Reductions of 80% and more in renal SGLT2 mRNA expression
were observed at doses of 1-3 mg/kg/week (rodents) to 30 mg/kg/week
(monkeys), resulting in effective glucosuria [1;2]. The initial animal mod-
els did not show signs of 1s1s 388626-induced toxicity [2]. In spite of the
favorable preclinical data, the first clinical 1515 388626 studies halted early
due to unexpected increases in serum creatinine (manuscript First-in-
man studies with novel SGLT2 inhibitor: antisense compound is associated with
unexpected renal effects, L. van Meer et al.). Discovery of these effects of the
oligonucleotide led to analysis of banked serum samples collected at an
earlier timepoint in the monkey studies, which revealed transient rises in
serum creatinine and proteinuria. These early effects were not observed
in the initial (more infrequent) sample analysis. A subsequent preclinical
study that focused on the renal effects of 1s1s 388626 demonstrated that
no rises in serum creatinine and proteinuria occurred at a dose level of 30
mg/kg/week 1s1s 388626 when abandoning the earlier applied loading dose
regimen (unpublished data, on file). Based on these results, clinical studies
were re-initiated, exploring the effects of weekly subcutaneous doses of 50,
100 and 200 mg 151S 388626 for a period of 12 weeks (13 doses), avoiding
the loading dose. Nonetheless, weekly 1515 388626 treatment at a dose level
of 50 mg induced increases in serum creatinine and renal damage mark-
ers. Further dose escalation was halted and instead a dedicated clinical
experiment was performed to explore whether 1s1s 388626 (50 mg, weekly
during 12 weeks) affected renal blood flow and/or glomerular filtration.
This appeared not to be the case (manuscript Novel antisense SGLT2 inhibitor
causes serum creatinine increases without affecting renal blood flow or glomerular
filtration, L. van Meer et al.). It was judged to be safe and rational to perform
additional clinical experiments to study higher doses of 1515 388626 that
may exert the intended pharmacodynamic effects. In this study, healthy
volunteers received treatment with 100 and 200 mg 1515 388626 weekly for
a period of 12 weeks. The study design included oral glucose tolerance tests
(0GTT) to estimate the intended pharmacodynamic effect (the induction
of glucosuria) and close monitoring of renal function and injury, applying
strict predefined stopping criteria. This paper reports on the findings from
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these clinical experiments. For reference, the results of the earlier cohort
of healthy volunteers exposed to 50 mg 1515 388626 (chapter 3 of this thesis,
L.van Meer et al.) have been included.

Materials and Methods

SUBJECTS

Adult subjects (18-65 yrs), male or female (post-menopausal or surgically
sterile) with a BMI < 30 kg/m? and a fasting plasma glucose and Hbaic
below the upper limit of normal could participate in this study. Significant
abnormalities in medical history, physical examination, 12-lead electro-
cardiogram, and clinical laboratory evaluations (including positive protein
in urine dipstick analysis and calculated eGrR below 60 ml/min by MDRD
equation [6] led to exclusion. The study was conducted in accordance with
good clinical practice guidelines, after approval by the national ethics
committee.

STUDY DESIGN

This was a double-blind, randomized, placebo-controlled multiple
ascending dose study of 12 weeks duration and 5 weeks follow-up, with
weekly administration of 151s 388626 to establish the safety profile and
pharmacodynamics of the compound, performed at the Centre for
Human Drug Research in the Netherlands. Per cohort, 16 randomly
assigned subjects received multiple doses of either 1515 388626 or placebo
(in a 3:1 ratio), administered as subcutaneous injection. An oral glucose
tolerance test (OGTT) was performed before the first administration of
1S1S 388626 (or matching placebo) and at after the oth and 13th dose. The
OGTT consisted of ingestion of a 75 mg glucose solution, given after an
overnight fast. Subsequently blood was drawn regularly during 4 hours
for determination of glucose, insulin and c-peptide concentrations.

SAMPLE SIZE

The selection of a total of 12 subjects per treatment group was based on
previous data obtained after conducting an OGTT in normal subjects.
It is estimated that the standard deviation of change in plasma glucose

ANTI SENSE AND SENSIBILITY — RENAL AND SKIN EFFECTS OF (ANTISENSE) OLIGONUCLEOTIDES

Auco-120min during the OGTT is approximately 85 mmol*min/L. With
6 subjects in the pooled placebo group and 6 subjects in the 151s 388626
treated group, this would result in at least 80% power to detect a 170
mmol*min/Ldifference in plasma glucose Auco-120min at an alpha level
of 0.05. To ensure sufficient power of the efficacy analysis also in case of
more than expected variation, additional subjects were included.

DOSE RATIONALE

Itwas anticipated to explore 50, 100 and 200 mg of 115 388626. The doses
were based on a MABEL approach, taking into account a No Adverse Effect
Level estimated to be 10 mg/kg/week (including a loading dose regimen)
in monkeys. In preclinical studies across multiple species, the pharma-
cologically active dose range of 1s1s 388626 was 1-3 mg/kg/week. At this
exposure, a significant reduction in SGLT2 mRNA occurred (74 to 97% in
mice and approximately 30 to 90% in monkeys over the dose range 1-30
mg/kg/week), accompanied by a 25-200 fold increase in urinary glucose
excretion [1;7;8]. Based on this, estimation of the equivalent human
effective dose falls in the range of 1-3 mg/kg/week. Experience with other
2-MoE-modified antisense oligonucleotides, safely administered (intra-
venously and subcutaneously) in multiple clinical studies at doses up to
weekly 750 mg (which translates into 10.7 mg/kg/week assuming an aver-
age weight of 70 kg), with treatment durations exceeding one year [9],
further supports the safety of this dose range.

The dose regimen was chosen because the loading dose (3 doses in the
first week) resulted in creatinine increases in prior human studies (manu-
script First-in-man studies with novel SGLT2 inhibitor: antisense compound is
associated with unexpected renal effects, L. van Meer et al.) and dedicated ex-
periments in monkeys showed that changes in renal markers occurred
only with the loading dose regimen. The treatment duration of 12 weeks
(13 doses) was selected, which was expected to be safe and resulting in
sufficient steady state tissue concentrations, based on animal studies.

CLINICAL MEASUREMENTS

Safety assessments, performed throughout the study period, includ-
ed vital signs, electrocardiograms, physical examinations, and clinical
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laboratory tests (including clinical chemistry, hematology, coagulation,
cytokines, complement tests and urinalysis) as well as registration of
adverse events. Adverse events were defined as any new medical occur-
rence or worsening of a pre-existing condition after administration of the
study drug or placebo. Predefined stopping rules regarding renal param-
eters were defined as changes in serum creatinine change from baseline
of more than 0.3 mg/dL or more than 40% on two consecutive weeks, or
proteinuria of more than 0.5 g/24hr occurring on two consecutive weeks.

RENAL DAMAGE MARKERS

The biomarkers k1M1, Cystatin C, EGF, NGAL/LCN2, Osteopontin, Uro-
modulin, aGsT and NAG were chosen based on their performance on
detecting injury to the proximal tubule where sGLT2 is located [10]. Anal-
ysis of renal damage markers aGsT and NAG was performed batch-wise
upon study completion by quantative enzyme immunoassays (Argutus
Medical NEPHKITO immunoassay for aGsT, and Diazyme 70010 Rev. F,
colorimetric end point assay for NAG) and kim1, Cystatin C, EGF, NGAL/
LCN2, Osteopontin, Uromodulin by enzyme-linked immunosorbent
assay (R&D Systems ELISA).

PHARMACOKINETICS

ISIS 388626 plasma levels were measured in using a validated hybridiza-
tion enzyme-linked immunosorbent assay (PDD laboratories, Richmond,
usa) frequently for a 24 hour profile after the first and 13th 1515 388626
dose, and predose on weeks 3, 8, 10 during treatment and on 5 weekly fol-
low-up visits. In addition, 1s1s 388626 urine levels were measured using
a validated Capillary Gel Electrophoresis method (pDD laboratories,
Richmond, usa), in 24 hour collections after the first and 13th dose (up to
24 and 48 hours post-dose).

DATA ANALYSIS AND STATISTICAL METHODS

Safety and tolerability evaluation was based on descriptive statistics.
ISIS 388626 plasma concentrations were subjected to non-compartmen-
tal pharmacokinetic evaluation in order to determine the maximum
observed plasma concentration (Cmax), the time to maximum plasma
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concentration (Tmax), the area under the plasma concentration-time
curve from dosing to 24 hours after dosing (auco-24h) using WinNonLin
(version 5.3, Pharsight Corporation, Usa).

Pharmacodynamic evaluation was based on descriptive statistics as
well as statistical analysis using ANcova with baseline as a covariate.
Endpoints were urinary glucose excretion (UGE) and fractional glucose
excretion (defined as (UGE / filtered glucose load (GFr*fasted plasma glu-
cose) “100), and plasma glucose, insulin and c-peptide concentrations.

Results
SUBJECTS

Twenty one subjects participated in the 10omg/placebo cohort, of which
fifteen subjects completed the study. Another sixteen subjects participat-
ed in the 200mg/placebo cohort, of which fourteen subjects completed
the study. Subject demographics are presented in table 1.

PHARMACODYNAMICS

1s1s 388626 dose-dependently increased 24 hour urinary glucose excre-
tion (figure 14, t0 575.6 +789.5 and 1413.1 +1804.6 mg/day glucose excretion
at end of treatment in the 100 and 200 mg cohort, versus 172.3 + 387.0
mg/day in the placebo group). During the five week follow-up period, val-
ues returned to baseline, although not completely for the 200mg cohort.
Average values of fractional glucose excretion, calculated from 24-hour
urine glucose excretion and serum glucose, showed a very similar pattern
(data not shown).

The oGTT resulted in an expected strong increase in serum glucose,
insulin and c-peptide levels, followed by a rapid decline towards normal
values (datanot shown). 1S1S 388626 treatment did not affect the 0GTT-in-
duced increase in serum glucose. 1SIs 388626 treatment resulted in a
dose-dependent enhancement of insulin and c-peptide release (Figure 1B
and C). Urinary glucose excretion during the first four hours of the oGTT
was increased in ISIS 388626 treated groups compared to placebo (figure
1D, 347.3 + 411.4 and 745.6 + 1122.4 mg/4hr for the 100 and 200 mg cohort,
versus 133.9 +327.5 mg/4hrin the placebo groups). Increases were statisti-
cally different from placebo.
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PHARMACOKINETICS

1S1S 388626 rapidly entered the circulation upon sc injection, with max-
imum plasma concentrations (Cmax) occurring within the first 2 hours
after dosing and rapidly declining concentrations thereafter (figure 24,
B, ¢ and table 2). Cmax and area under the plasma concentration time
curve (Auco-24hr; total exposure) showed no accumulation of 1515 388626
upon repeated administration at dose levels 100 mg. Some accumulation
might be present at 200 mg as Cmax and Auc increased slightly from the
1st to the 13th dose (figure 2c, table 2).

The total amount of 1515 388626 in urine (0-24 hours) ranged from 3.7
to18.4 mg over the dose range tested and increased in a dose-proportion-
almanner (figure 2D). Urinary excretion was approximately 2-fold higher
after the 13th dose compared to the first dose.

SAFETY

Adverse events (AEs) occurred in all subjects who received multiple doses
of 1815 388626, and in 85% of subjects who received placebo (table 3). All
AEs reported were classified as of mild intensity and transient. The most
common AE was nasopharingitis. Other AEs commonly reported in all
groups were headache, fatigue, a range of gastrointestinal complaints
(such as diarrhea, nausea or abdominal discomfort) and musculoskel-
etal complaints (such as myalgia and back pain). These AEs occurred
in the active treatment groups and placebo groups with a similar inci-
dence, thus considered unlikely to be 1s1s 388626-related. Injection site
reactions (ISRs) occurred at frequencies of 19% in the 100mg cohort and
8% in the 200mg cohort. IsRs consisted of mild erythema at the site of
the sc injection without itch. In three subjects hyperpigmentation was
reported after the initial erythema had resolved. In two subjects re-ap-
pearance of erythema occurred after initial resolution. The 1SRs were not
progressive, not accompanied by local lymphadenopathy, and no study
discontinuations occurred due to 1SRs. All 1srs resolved completely and
spontaneously, ranging from within 12 hours to 50 days.

1s1S 388626 treatment did not result in any clinically relevant changes
in vital signs (blood pressure, EcG-derived parameters, body tempera-
ture) or parameters of hematology and coagulation. No increases in
circulating cytokines (IFNa, IL6, MCP-1 and MIP1a) were observed at any
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dose level. Analysis of complement factor Csa and Bb revealed no chang-
es, except foran increase in factor Bbin the 200mg dose group, maximally
at 24 hours after the 13th dose (from 0.74 + 0.336 mg/mL at baseline to 0.93
+0.394 mg/mL at 24hrs after dose of week 13).

Treatment with 100 and 200mg 1515 388626 did not result in clinically
significant changes in chemistry parameters, such as hepatic parameters
and glucose levels. However, 1s1s 388626 dose-dependent changes in
serum creatinine occurred (figure 3A). Baseline serum creatinine lev-
els were comparable between all treatment groups. The largest average
increase of 0.38 +0.089 mg/dL (44%increase) was reached after 8 doses of
IS1S 388626 (200 mg). The effect of 1s1s 388626 on serum creatinine was
highly variable between subjects ranging individually from no increase at
alltoao0.49mg/dLincrease over baseline levels. Despite continued dosing,
creatinine levels started to decline after ten doses, returning to baseline
during the follow up period. However, at the 200 mg dose average cre-
atinine levels remained above baseline levels at week 17. Three subjects
met the protocol-specified stopping rule for renal function tests and were
discontinued. The elevation in serum creatinine did not coincide with
obvious changesin urea levels. At the highest dose level tested 1515 388626
induced a short transient increase in aldosterone levels, although the
inter- and intra-subject variability was significant (figure 3B).

Is1s 388626 treatment did not result in significant changes in urine
flow and urinalysis parameters (data not shown), but did increase the
levels of urinary renal damage markers (B2M, total protein, KIM1, aGST,
NAG). ISIS 388626 treatment dose-dependently increased urinary B2m
(figure 3c). In both the 100 and 200 mg group, B2M levels increased grad-
ually with repeated 1515 388626 administration, to decline after treatment
stop during the five week follow-up period. Urinary protein also showed a
dose-dependent increase, although the inter- and intra-subject variabil-
ity was large (figure 3D). 1S1S 388626 treatment, at all dose levels tested,
resulted in an increase in urinary KIM1, assessed after the 8th administra-
tion (figure 3E). Also urinary levels of aGsT and NAG increased upon IsIs
388626 treatment (figure 3F,G).
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Discussion

The antisense oligonucleotide 1515 388626, targeting the renal sGLT2
receptor, did not induce pharmacological effects (i.e. induction of glucos-
uria) when applying dose levels up to 50 mg, with weekly dosing for 12
weeks. This was not unexpected since in preclinical studies across mul-
tiple species, the pharmacologically active doses were doses exceeding
1 mg/kg/week, which translates into 70 mg/kg/week assuming an aver-
age weight of 70 kg [1;7;8]. Repeated 1s1s 388626 administration with 50
mg did induce transient and mild rises in serum creatinine. To explore
whether the observed transient increases in renal markers coincided
with functional changes, a new cohort of volunteers exposed to the same
1515 388626 dose level and regimen, and PAH and sinistrine clearance was
assessed to estimate RPF and GFR. This study revealed no indications that
the changes can be explained by 1s1s 388626-induced changes in GFR and
RPF (chapter 3 of this thesis, L. van Meer et al.). This enabled dose escala-
tion to elicit possible pharmacological effects.

1s1s 388626 dose-dependently increased urinary glucose excretion.
After 13 weekly doses urinary glucose increased, which ceased after ther-
apy cessation. On average, the maximal level of urinary glucose excretion
was 1.4 gram per day, observed in the 200 mg ISIS 388626 treatment group
after 13 weekly doses, compared to 0.2 gram in the placebo group (7-fold
increase). The observations suggest an 1s1s 388626-induced increase in
glucosuria, but the effect is rather small, since the average amount of
glucose that is filtered daily is approximately 144 grams (800 mmol/day
[11]). Furthermore, compared to treatment with small molecule SGLT2
inhibitors the observed level of urinary glucose excretion is minimal, as
these compounds induce urinary glucose excretion in the range of 50-80
grams per day [12]. In spite of the relatively small effect observed, the
findings do suggest that 151s 388626 doses of 200 mg and beyond exert
intended pharmacodynamic activity. Animal data demonstrated that a
certain threshold level of SGLT2 MRNA exists maintaining tubular glu-
cose reabsorption and limiting glucosuria, and that once this threshold
is exceeded, glucose reabsorption strongly declines resulting in sudden
increases in glucosuria: an 151s 388626-mediated SGLT2 MRNA reduction
of nearly 70% did not induce a significant increase in glucosuria, whereas
an sGLT2 MRNA reduction of 85% resulted in a 100-fold increase in glucos-
uria (data on file; monkey treated with 2 mg/kg/week versus 24 mg/kg/
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week 1515 388626). This is supported by the observation that a phenotype
of hereditary sGLT2 mutations with 50-60%loss of sGLT2 does not display
significant glucosuria [13]. Compensation by an increase in SGLT1 medi-
ated transport is likely to play a role in the maintenance of renal glucose
reabsorption, as was demonstrated in animals after genetic and pharma-
cological sGLT2 inhibition [14].

In line with the mild glucosuria observed in 24 hour urine collections,
urinary glucose excretion after the OGTT also increased in the 1515 388626
treated groups. Furthermore, 1S1s 388626-treatment resulted in elevated
levels of circulating insulin and c-peptide during the first hours after the
glucose load. These increases seem counter-intuitive, as increased uri-
nary glucose loss is expected to result in lower insulin levels needed to
compensate for the glucose load. Probably changes in other mechanisms
involved in glucose homeostasis occur simultaneously. Treatment with
SGLT2 inhibitors dapagliflozin and empagliflozin resulted in similar
paradoxical findings of altered glucose homeostasis and increased c-pep-
tide/insulin levels, probably compensating an increased endogenous
glucose production [15-18].

Although the observed glucosuria after 1s1s 388626 treatment may
result from antisense mediated inhibition of sGLT2 in humans, it may
also relate to 1s1s 388626-induced tubular dysfunction. At the highest
dose level, 1s1s 388626 treatment resulted in increases in serum creati-
nine levels of 40-50% over baseline, with concomitant induction of other
markers indicative of renal damage or dysfunction. The correlation
between induction of renal damage markers and glucosuria was explored
(table 4), which demonstrated a correlation between the renal markers
serum creatinine, urinary B2M and urinary protein (with coefficients of
0.46,0.47 and 0.66, table 4), but no correlation with urinary glucose excre-
tion (with coefficients of 0.086, 0.43 and 0.23 table 4). The absence of a
correlation between renal side effects and intended pharmacodynamic
effect suggests that the observed mild glucosuria probably results from
antisense mediated inhibition of sGLT2, and not from tubular dysfunc-
tion. Moreover, it makes it unlikely that a general membrane dysfunction
occurs as a result of knock-down of the sGLT2 receptor. This is further
supported by the absence of signs of membrane dysfunction with other
oligonucleotides directed to transmembrane receptors [19;20]. ISIS
388626 is, however, the first antisense oligonucleotide targeted to a
renal receptor, and it remains uncertain if knock down interferes with
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membrane function. On the other hand, subjects with homozygous
SGLT2 mutations are largely asymptomatic and have no signs of renal
tubular dysfunction, hypovolemia or electrolyte imbalance [21].

We hypothesize that the changes in serum creatinine and urinary
renal markers induced by 1s1s 388626 treatment most likely reflect tran-
sient tubular dysfunction. Although urinary B2M and protein may also
increase in case of glomerular injury due to increased filtration [22], the
reversible nature of the changes in our study suggest interference with
tubular reabsorption. This is supported by the observation that eleva-
tions in KIMI1, aGST and NAG occurred, all markers known to increase
in response to different tubulo-toxic agents in animal models [22-26].
Accumulation of antisense oligonucleotides occurs in proximal tubular
cells as basophilic granules [27;28] and this was indeed also seen in ani-
mal studies with 1515 388626 [1]. In primates, tubular accumulation of
oligonucleotides is usually not associated with renal toxicity and tubu-
lar functional changes, unless extremely high doses are used [1;27;28].
In accordance, these compounds are not associated with adverse renal
effects in humans during subsequent clinical investigations [19;29].
However, it is of note that the 12-mer chemistry of 1s1s 388626 enables
more selective distribution to the kidney compared to other 18- to 20-mer
second generation oligonucleotides [8], resulting from lower plasma
protein binding, higher free fraction and increased renal filtration. It is
uncertain if this increased selectivity contributes to the observed adverse
renal effects, but it should be taken in account that this is a theoretical
possibility. No comparable other 12-mer oligonucleotides have been
investigated in humans to date. Despite the observed increases in renal
markers, no functional loss occurred at weekly doses of 50 mg demon-
strated in the dedicated cohort with renal clearance tests (chapter 3 of
this thesis, L. van Meer et al.) supporting the hypothesis that the observed
changes reflect adaptation and possibly regeneration of tubular cells.
Also no trend was detected in regression analysis exploring the relation
between values of GFR/RPF and renal damage markers (data not shown).
Examples of other drugs affecting tubular creatinine secretion without
decreasing glomerular filtration rate include cimetidine and pyrimeth-
amine [30]. Finally, the observation that the effect of 1s1s 366828 on
serum creatinine diminishes after ten doses, despite continued dosing,
supports the likelihood that antisense treatment is associated with a pro-
cess of tubular adaptation.
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Treatment with small molecule sGLT2 inhibitors also increases serum
creatinine [31;32]. However, these effects were smaller and considered
to be secondary to volume depletion due to osmotic diuresis. These mild
effects on serum creatinine coincided with a much larger pharmacolog-
ical effect, therefore this does not provide sufficient explanation for our
findings. Renal side effects are commonly observed for clinically tested
oligonucleotide compounds, such as Proos1 (developed for Duchenne
Muscular Dystrophy, and associated with proteinuria [33]), LY2181308,
(developed for treatment of melanoma and caused a case of reversible
kidney damage [34]) and spcso01 (developed for familial hypercholes-
terolemia, associated with increased renal markers and a case of acute
tubular necrosis [35]). Although these observations suggest an unintend-
ed class effect of oligonucleotides, several other antisense compounds
with chemical characteristics comparable to 1s1s 388626 were free of
renal side effects in humans, such as mipomersen [36], 1SIS 325568 [19],
1s1s 2302 and ISIS 104838 [9]. Recently, it has been shown in monkeys
that chronic administration of a compound similar in class, drisapers-
en, results in C3 glomerulopathy most probably due to an immune-based
mechanism [37]. This appears to be consistent with the observation that
antisense oligonucleotides may activate the alternative pathway of the
complement system via transient inhibition of factor H [38].

Conclusion

Taken together, our data suggest that 1SI1s 388626 exerts its intended
pharmacological effect in humans: treatment for a period of 12 weeks at
a dose level of weekly 200 mg resulted in a small but significant elevation
in urinary glucose. Concomitantly, changes in serum and urinary mark-
ers were indicative of transient renal dysfunction, most likely of tubular
origin. Theoretically, the 1s1s 388626-induced tubular dysfunction may
have contributed to the glucosuria, but as the increases in renal markers
do not correlate with the glucosuria, the latter is more likely an effect of
oligonucleotide-induced sGLT2 inhibition. The pharmacodynamic effect
of 1515 388626 in type 2 diabetes mellitus patients, with elevated sGLT2
expression and a larger renal glucose load, may outweigh the effect
observed in healthy volunteers. However, the efficacy is probably insuf-
ficient with the dose levels currently tested, considering the glucosuria
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observed with existing small molecule sGLT2 inhibitors. Moreover, the
mechanisms underlying the transient renal dysfunction warrant more
detailed exploration. In the first place, because the aimed patient pop-
ulation, being subjects with diabetes type 2 are known to be particularly
prone to renal injury and chronic kidney disease may develop as a result.
And secondly, as we know renal effects are also observed for other oligo-
nucleotides, this might be prohibitive of using this promising drug class
for chronic conditions that are not directly life threatening.
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Figure2 Pharmacokinetic properties of 1s1s 388626. The grey line represents the values measured
after the st dose, the blackline after the 13th dose. Average values with sD error bars. Rapid absorption
upon injection (cmax within 2 hours) and rapidly declining concentrations thereafter at all dose levels
(a, Band c). No accumulation at dose levels of somg and 100mg, possible accumulation for 200mg, with
anincreased Auc after 13th dose. 24hr excretion of 1s1s 388626 in urine increased dose-proportionally,
with anincreased excretion after the 13th dose compared to the 1st dose.
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Figure3 Dose-dependent effects of 1s1s 388626 on renal markers and recovery during the follow up
period Average values with sD error bars. Logarithmic Y-axis used for B2M. Serum creatinine increases
atall doselevels over time, expressed as change from baseline (a). Increases absolute serum aldosteron
for doselevels of 100 and 200mg (B). Increases in urinary B2M () and urinary protein (p) over time atall
doselevels. Increases in urinary Kim1, expressed as change after the 8th dose compared to baseline (E).
Increases in urinary aGsT (F) and urinary NAG (G) over time. Increases visible at a dose level of 200mg.
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Table1 Summary of subject demographics
N Age BMI Number Early
(yrs, Std) (Kg/mz2, Std) female termination
of subjects
50 mg ISIS 388626 12 33.9+14.23 23.5+ 3.13 0 2*
100 mg ISIS 388626 16 37.5+16.18 23.7+ 3.49 0 5**
200 mg ISIS 388626 12 27241227 23.7+ 2.82 1 2%
Pooled Placebo 13 36.1+16.18 23.8+ 2.87 1 T

*in one subject dosing was stopped after 5 doses due to increases in serum creatinine and one subject was stopped
after 7 doses due to increased liver biochemistry parameters. ** Stopped due to personal reasons (after1, 2, 4, 5 and 12
doses). Therefore subjects were replaced. ***Stopped (after 7 and 10 doses) due to increases in renal parameters. ****
Stopped after 1 dose due to personal reasons. Therefore subject was replaced.
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Table2 Plasmapharmacokinetics after firstand 13th dose Br] Clin Pharmacol. 2014 Jun; 77(6): 947-957

somg 100 mg 200mg
After dose no 1 13 1 13 1 13
N 12 10 16 12 2! 9
AUC 0-24hr 7627 8626 12650 13970 24250 28320
(ug*hr/mL) +1202 +1037 +2085 +2041 +8796 +9875
Cmax 1240 1275 2048 2185 3333 4155
(ug/mL) +274.4 +470.6 +487.5 +558.2 +1602 +1266
Tmax 1.17 1.40 1.38 1.50 1.63 1.56
(hr) +0.324 +0.566 +0.97 +0.88 +1.11 +1.37

Table3 Frequency overview of adverse events reported in more than one subject (%)

somgi)  toomg(nmi0) _ soomglumi)_ Placebo(nms) URINARY KIDNEY

Nasopharyngitis 42% (n=5) 38% (n=6) 67% (n=8) 46% (n=6)

Headache BhO=)  S%0=9)  B%0=8)  38%(@=5) BIOMARKERS FOR
Mild gastrointestinal complaints  58% (n=7) 31% (n=5) 42% (n=5) 38% (n=5)

Mild musculoskeletal complaints  17% (n=2) 25% (n=4) 33% (n=4) 38% (n=5) E A R LY D E T E C T I O N
Fatigue 33% (n=4) 6% (n=1) 8% (n=1) 23% (n=3)

men thes BRD TR0 OF NEPHROTOXICITY
Table4 Correlation coefficients of the exploratory analysis of correlations between serum

creatinine (s:creat),urinarszM (v.'t.BzM),urinaryprotein (u.prot) and urinary glucose (u.gluc), I N C LI N I C A L D R U G

calculated with change from baseline values (CEB)

CFBs.creat CFB U.B2M CFBu.prot D E V E L O P M E N T

X3 e

CFB s.creat X 0.46 0.47
CFB U.B2M 0.46™% X 0.66™*
CFB u.prot 0.47%* 0.66** X

cFB u.gluc 0.086 0.43 0.23

** indicates a positive correlation that is considered significant.

Leonie van Meer, Matthijs Moerland, Adam Cohen,
Jacobus Burggraaf
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Abstract

Early detection of drug-induced kidney injury is vital in drug develop-
ment. Generally accepted biomarkers such as creatinine and BUN lack
sensitivity and early injury responses are missed. Many new biomarkers
to detect nephrotoxicity for pre-clinical utilization have been described
and their use is adopted in regulatory guidelines. However, guidance on
appropriate biomarkers for clinical trials is minimal. We provide an over-
view of potentially useful kidney biomarkers that can be used in clinical
trials. This includes guidance to select biomarkers suitable to capture
specific characteristics of the (expected) kidney injury. We conclude that
measurement of urinary Kidney Injury Marker-1 (KIM1) serves many pur-
poses and is often an appropriate choice. Cystatine C captures effects on
glomerular filtration rate, but this marker should preferably be combined
with more specific markers to localize the origin of the observed effect.
Untoward effects on tubules can be captured relatively well with several
markers. Direct detection of glomerular injury is currently impossible
since specific biomarkers are lacking. Indirect assessment of toxic effects
on glomeruli is possible by using carefully selected panels of other injury
markers. We conclude that it is possible to obtain appropriate informa-
tion on nephrotoxicity in clinical drug development by using carefully
selected panels of injury markers and suggest thatidentification and vali-
dation of specific glomerular biomarkers could be of great value.

Introduction

Asillustrated by the case, described on the right hand side, early detection
of drug-induced nephrotoxicity and prevention of clinical manifesta-
tions such as tubular necrosis are vital in early drug development in
humans. The problem of drug-related renal toxicity is important as renal
drug toxicities in animal studies account for more than 30 percent of the
attrition of compounds from drug development [2]. Despite this pre-se-
lection, prevalence of (acute) kidney injury due to drug toxicity in clinical
practice is as high as 18 - 27% of all episodes of acute kidney injury [3]. In
addition, efficacious interventions to reverse kidney damage are non-ex-
isting and clinicians can only apply supportive therapies while awaiting
recovery of renal function. Animal models have shown that intervention

ANTI SENSE AND SENSIBILITY — RENAL AND SKIN EFFECTS OF (ANTISENSE) OLIGONUCLEOTIDES

400 — = 100
] ! e SCREAT + m
- ¢ | g
] v URB2M | 2
~ 320 ® \ % )
- -
2 ! g
= i 18 @ URaGST g
= il E 10 a
w240 o $ | | B URKIMI [ ™
Z 1 =y L z
|’I * \ r
Z s A ¥ URNAG S
5] —
< 8 I/ \ L
B 1eo [ I g
& / | ( 5]
e Y 2
= 1= v S El m
5 | e e E X
& - T r a
» 080 — .._',4 w s r a8
= =)
] L 9
Z
o] 1 ) 0.1
s I T O i T T AT -
0 2 4 6 8 10 12 37 40
TIME (WEEKS)

Figure1 Time course of serum creatinine and urinary kidney damage markers. Arrows
denote drug administration on study days1, 8 and 15.

CASE

Administration of a low dose locked nucleic acid antisense oligonucleotide caused
toxic acute tubular necrosis in a 56 year old otherwise healthy female volunteer. She
received 3 weekly subcutaneous doses of experimental drug SPC5001, a PCSK9
inhibiting antisense oligonucleotide (developed to lower LDL-cholesterol). Five
days after the last dose serum creatinine reached 2.67 mg/dL (a 238% change from
baseline). Urine microscopy revealed red blood cells, white blood cells, and granu-
lar casts. Renal biopsy showed multifocal tubular necrosis. Kidney biomarkers
were measured retrospectively and were already increased after the first dose,
clearly preceding changes in serum creatinine, urea, dipstick, or urine microscopy
(see figure 1). Serum creatinine peaked 1 week after the last antisense dose and was
3.81 mg/dL at that time. Upon supportive treatment, serum creatinine decreased
gradually. Baseline levels were observed from 44 days after last antisense adminis-
tration onwards. She recovered completely without any persisting abnormalities.
Which biomarkers for kidney injury would have prevented this?

Van Poelgeest et al. Acute tubular necrosis during PCSK9 antisense oligonucleotide therapy.[1]
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directly after early changes have been noted is preferable as the window
of opportunity to apply treatment appears to be limited to a few hours
[4]. Unfortunately, signals of early injury responses and the underlying
mechanism of damage are often missed by traditional methods for mon-
itoring renal function, such as serum creatinine, serum BUN, estimated
GFR and actual GFR. Serum creatinine and BUN are easy to obtain and
the assays are part of standard care measurements rendering the results
readily available. However, as markers for kidney injury, both have sever-
al shortcomings. Creatinine concentration in serum depends on multiple
other factors than decline in renal function that differ intra- and inter-in-
dividually, such as age, gender, muscle mass, protein intake, and certain
drugs [4;5]. Also, BUN concentrations are influenced variable factors, such
as diet, dehydration, liver function and tissue breakdown [6]. This lack of
specificity complicates the interpretation of these markers. The problems
can be partially overcome by calculating Glomerular Filtration Rate (GER).
Based upon data oflarge groups of patients different equations have been
derived to estimate the actual (eGFR) using the serum creatinine value [7].
The eGFRris commonly used in clinical practice as an overall index for kid-
ney function [8]. The Cockcroft-Gault formula, described in 1976 is based
on a cohort of 249 patients and takes into account the factors age, weight
and gender [9]. The eGFR Modification of Diet in Renal Disease (MDRD)
was derived from a study with renal disease patients and includes age,
race, gender, serum BUN and serum albumin as input parameters [10]. In
addition, the Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) was derived from two study cohorts, one consisting of patients with
known renal disease (mGFR < 90 mL/min), and a second cohort made up
of kidney transplant donors all of whom had an mGeRr > 90 mL/min [11].
The cpk-EPI formula includes the factors gender, age and race. Thus all
formulas correct for certain variables and offer a tool to estimate GFR and
monitor kidney function in chronic kidney disease patients. However,
they still lack accuracy [12;13] and miss early and relatively small chang-
es in GER [14]. This is particularly true when monitoring healthy subjects
with normal renal function and normal baseline serum creatinine values.
In this situation very small changes in plasma creatinine, which are in
the noise of the assay, may still reflect considerable loss of renal function,
as illustrated in figure 2. Another disadvantage of serum creatinine (and
eGFRs derived from this marker) and BUN is that a considerable time
delay exist between the onset of kidney injury and the moment that the
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signalis observed. For creatinine thisis for example illustrated in figure 1.
BUN levels correlate closely with histopathological changes in the kidney
[15], however, the signal is delayed; by the time the damage is revealed by
this marker 70-80% of renal epithelial mass is already lost [16].

Ithas been advocated to not estimate but measure GFR for a more reli-
able assessment of kidney function. This can be achieved by measuring
clearance after intravenous administration of exogenous markers that
are solely removed by glomerular filtration. This approach also avoids
GFR estimates influenced by extra-glomerular clearance such as tubu-
lar secretion. Different markers are used among which inulin [17] and
radio isotopic agents such as 99mTc-diethylenetriaminepentaacetic acid
(DPTA), 169Yb-DTPA, 125I-iothalamate and 51Cr-ethylenediaminetetra-
acetic acid (51Cr-EDTA). These markers have a high accuracy and can
detect subtle changes in GFR [17;18]. These methods are time consuming
and therefore the results may not be readily available [19;20]. More impor-
tantly, however, GFR is only one measure of kidney function while many
different mechanism of drug induced kidney injury exist, such as reduc-
tion in renal perfusion, direct tubular toxicity, intratubular obstruction,
allergic interstitial nephritis and hemolytic-uremic syndrome [21]. All
these mechanisms will lead directly or indirectly to reduction in the GER,
for instance by tubuloglomerular feedback after tubular toxicity [22].
However, these changes in GFR may be detected too late for adaptations
in dose or schedule of dosing, and do not provide information on the
mechanism of toxicity. In this review we focus on measures that may
provide earlier and more specific warning signals of renal damage than a
decreased GER.

In preclinical research detection of early signs of kidney injuryis done
by histological examination, which is considered to be the gold standard.
Histopathology provides accurate anatomical information on the kidney
injury as well as its severity and leads to a diagnosis. However, perform-
ing akidney biopsy in humans is rarely an option and is an inappropriate
tool to be used in drug development trials.

These difficulties regarding early detection of kidney injury may
substantially influence the path of drug development. For instance,
development of compounds for which renal toxicity is observed during
preclinical experiments may be ceased in order to avoid safety issues
during the clinical development. However, it is known that only 40-60% of
animal findings are predictive of toxicities in humans [23;24]. This results
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in the undesirable situation in which potentially efficacious compounds
are abandoned for the wrong reason. Moreover, as these compounds do
not reach the clinical phase, no insights are gained regarding the (poten-
tially avoidable) nephrotoxic mechanisms of injury. The development of
immortalized human proximal tubule cell lines expressing functional
influx and efflux transporters [25], which can be challenged with toxins
[26] appears to be a promising approach that can be used preclinically.
However, it is not yet confirmed that these cell lines and the subsequent
incubations sufficiently mimic the in vivo situation. Therefore translat-
ing findings from these cell-lines directly to the clinical situation seems
premature. Adequate use of renal biomarkers could thus be of great value
during early drug development.

For preclinical assessment, many new potential biomarkers of toxic-
ity have been identified and their possible benefit has been evaluated by
comparing their performance to the traditional markers. This extensive
research has resulted in an EMEA/FDA guideline (published in 2009), that
identified acceptable biomarkers that can be used to detect drug-induced
nephrotoxicity in preclinical research [27]. This panel includes the uri-
nary excreted biomarkers Kidney Injury Molecule-1 (xim1), albumin,
total protein, Beta-2-microglobulin (B2M), clusterin, Trefoil Factor 3
(TFF3), and Cystatin C (cysc). These markers can be used to capture acute
drug-induced nephrotoxicity of tubular or glomerular (with associated
tubular involvement) origin [27]. These markers were shown to provide
additional and complementary information to BUN and serum creati-
nine and correlate with histopathological alterations. However, it was
recognized that for the clinical setting these markers were insufficiently
qualified to justify their general use. It was suggested to further explore
their potential as clinical biomarkers for acute drug-induced kidney inju-
ry and recovery/reversibility. The guideline also advised to consider the
biomarkers in clinical trials on a case-by-case basis to gather further data
on their usefulness to monitor drug-induced renal toxicity in man.

With this review, we aim to offer guidance to select the biomarkers
that suit the specific characteristics of the (expected) kidney injury. We
provide an overview of promising biomarkers for nephrotoxicity, focus-
ing on their possible use and limitations in clinical trials during early
drug development. Certain properties of biomarkers of kidney injury
are considered to be critical. First, the origin of the biomarker and the
mechanism and/or site of injury should be clarified as much as possible.
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Furthermore the biomarker should be sensitive to early injury in order
to outperform the traditional biomarkers and enable early intervention.
High specificity and correlation with established outcome measures such
as histopathology are also vital to avoid confusion on the value of the
observed signal. As the majority of data on kidney injury biomarkers orig-
inates from preclinical research, the translational step to humans is of
great importance. This could be achieved if supportive clinical evidence
on biomarker profiles reflecting kidney injury in humans is available.
Finally, reliable assays must be readily available.

The biomarkers were selected using the previously mentioned EMEA/
FDA guidelines on preclinical markers, and on the condition that the per-
taining assay is validated for human use and commercially available. The
selection was expanded with the biomarkers for which promising data
have been reported. These markers are Neutrophil Gelatinase-associated
Lipocalin (NGAL), alpha Glutathione S-transferase (aGsT), N-acetyl-beta-
glucosaminidase (NAG) and Interleukin-18 (1L18). Established markers
such as serum creatinine, serum BUN, urinary albumin and protein were
not considered in detail, although these are used as reference. Based on
the literature, several considerations and recommendations regarding
selection of kidney biomarkers in clinical drug development are given.

Summary on selected markers

Cystatin C (cysc) is a small molecule cysteine proteinase inhibitor syn-
thesized by all nucleated cells and filtered freely by the glomerulus. After
filtration it is not secreted nor reabsorbed by the tubules, but catabo-
lized completely and thus reflects true GFR when measured in blood.
Preclinically, cysc appears to be the most sensitive marker for early prox-
imal tubular damage in animals, although a consistent dose response
relation is lacking [28]. cysc is suitable to assess kidney function in
general, regardless of specific lesion site, as this marker is devoid of
extra-glomerular clearance, variability in production and limited sensi-
tivity that apply for BUN and serum creatinine [29]. It has been suggested
that cysc measured in blood could be a suitable translational biomarker
as it avoids laborious urine collection in animals [29]. Possible disadvan-
tages of cysc are its dependency on factors other than decline of renal
function alone, such as age, gender, weight and height, smoking, and
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high serum C-reactive protein levels [5]. In the clinic, CysC has been
shown to be a sensitive marker of early renal dysfunction following isch-
emic injury [30].

Neutrophil Gelatinase-associated Lipocalin (NGAL) is an acute-phase
protein secreted as a response to acute injury of proximal and distal tubu-
lar epithelial cells. It is freely filtered by the glomerulus after which rapid
clearance occurs via receptor binding and endocytosis[4]. NGAL has been
reported to be the most sensitive marker for proximal tubular damage
in the preclinical setting [28]. After gentamicin exposure in rats a clear
signal is detected as early as 24 hours after exposure. However, specificity
to the location of injury must be questioned, since in a rodent glomeru-
lar damage model increased NGAL levels were also observed [31]. Clinical
research has demonstrated that urinary NGAL is increased in several
forms of chronic kidney injury [32;33] and in patients with urinary tract
infections [34].

Interleukin-18 (1L18) is a proinflammatory cytokine produced by
leukocytes and renal parenchymal cells such as tubular epithelial cells,
podocytes and mesangial cells. It plays an important role in the exac-
erbation of acute tubular necrosis [35] and the inflammatory pathways
involved are partly clarified [36]. The 1118 receptor (1L-18R) is expressed
on these cells in cisplatin-induced acute kidney injury and urinary 1.18
excretion has proven to be an early diagnostic marker for acute kidney
injury in humans, particularly in critically ill patients [37]. However, at
present it is unclear if 1L18 reflects location-specific injury and there-
fore its potential for preclinical and clinical use in drug development is
unclear. An obvious disadvantage is that increased 1118 levels can also be
observed upon many forms of inflammation not limited to the kidney.

N-acetyl-beta-glucosaminidase (NAG) is a lysosomal enzyme which
is contained abundantly in the renal tubular epithelia and involved in
the degradation of mucopolysaccharides and glycoproteins. Its size
precludes glomerular filtration and elevated urinary concentrations are
considered to reflect tubular dysfunction. In preclinical research the sen-
sitivity of NAG is higher compared to serum creatinine and comparable
to BUN [38]. The NAG response profile is dependent on the toxin causing
proximal tubule injury [39]. For example, gentamicin triggers an early
response that last for 8 hours after dosing, whereas chromium triggers
a response after 8 hours and mercury does not trigger a significant NAG
increase atall [39]. Nevertheless, clinical evidence supports the usefulness
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of NAG as an early marker of mild tubular injury [40] and demonstrates
that it has predictive properties regarding the development of acute
tubular necrosis [41].

Alpha Glutathione S-transferase (aGsT) is a detoxification enzyme
that is produced in numerous tissues. Urinary aGsT levels are very low
under physiological conditions, but substantial amounts are excreted
in case of various manifestations of tubular injury, including cisplatin-
[42] and gentamicin-induced [43] toxicity and in acute tubular necrosis
after mercuric chloride and potassium dichromate exposure [44]. aGST
appears to be an adequate preclinical early toxicity biomarker to detect
onset of epithelial necrosis, but is less suitable to monitor reversibility
[29]. In drug-induced injury of proximal tubular cells with cisplatin and
gentamicin, aGsT correlated more closely to histopathological confirmed
injury compared to NAG, BUN and serum creatinine [45]. In a preclinical
model of tubular injury limited to the pars recta of proximal tubule cells,
it was demonstrated that agsT-excretion reflects injury of low grade tox-
icity, outperforming numerous other markers, and with equal sensitivity
as KIM1 [46]. However, injury to the collecting duct was associated with a
decreased aGsT, which is not well understood yet. As a consequence it has
been suggested that qualification of this biomarker has to await further
results [45]. Although limited information is available, clinical evidence
suggests that agsT is informative for tubular dysfunction or injury [47;48].

Kidney Injury Molecule-1 (kim1) is a transmembrane protein
expressed by proximal tubular epithelial cells. k1M1 functions as a phos-
phatidylserine receptor and has phagocytic capacity [28]. Expression is
markedly upregulated in response to injury [49]. Urinary KIM1 concentra-
tion provides a more sensitive predictor of histopathological confirmed
injury in 11 well-established rat models of acute kidney injury when com-
pared to BUN, serum creatinine or urinary NAG, even in cases of low grade
toxicity [38]. One study reported that urinary kim1 levels also correlate
with different grades of kidney tubular histopathologies. This was sup-
ported by the finding of dose-dependent upregulation of the k1M1 gene
in segment-specific toxicity models [50]. Whereas aGST appears to be a
good early toxicity biomarker for epithelial necrosis, kiM1 and clusterin
levels persist during regeneration and appear to reflect the triggering
and continuation of the repair process [29;51]. KIM1 responses seem to
depend on toxin, for example Sasaki et al. [52] report that after cisplatin
exposure KIMI increases (together with clusterin and aGsT) after 3 days
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(confirmed by Vinken et al.[15]), whereas in a model for papillary necro-
sis using 2-bromoethylamin hydrobromide kimi levels (together with
clusterin, albumin and osteopontin) are convincingly increased as early
as day 1 after exposure. Interestingly, measurement of urinary KIim1 also
enables detection of subchronic and chronic injury and correlated closely
with histopathology [28]. This study also showed that cysc and NGAL are
the most sensitive markers for early kidney damage of proximal tubular
damage, but subchronic or chronic injury was best reflected by kim1 lev-
els. In keeping with the notion that urinary K1mM1 may be an early marker
for chronic nephrotoxicity in animals, increased levels of urinary xim1
levels were reported in an experiment using cadmium [53]. Clinical evi-
dence that the results in animals translate to humans is currently limited.
KiM1 did indeed show a significant signal following acute kidney inju-
ry, although sampling for KiM1 in this study was rather late, precluding
assessment of its suitability as early marker [54].

Beta-2-microglobulin (B2M) is produced by all cells expressing major
histocompatibility complex (MHC) class I antigen. Under normal condi-
tions the main source are activated lymphocytes from which shedding
from cell surface of the MHC occurs through proteolysis. Synthesis is
stimulated in various conditions characterized by proliferation of lym-
phoid cells that occurs in various disease states, such as neoplasms,
(auto-) immune disorders or infections [55-57]. B2M is filtered freely
across the glomerulus and complete reabsorption occurs by proximal
tubular cells [28]. Impaired tubular uptake results in increased B2M uri-
nary excretion. Glomerular protein loss may also increase urinary B2M
excretion as B2M shares a common rate-limited tubular reabsorption
pathway with other proteins. In the preclinical setting B2m has a better
diagnostic performance than BUN and serum creatinine to detect glo-
merular injury (together with urinary total protein and cysc) [58]. As
tubular dysfunction without glomerular impairment also increases B2m
[59;60] specificity regarding the location of damage using B2M alone is
questionable. Interestingly, BaMm might be excreted via other pathways as
compared to other markers, as can be concluded from the findings on a
model for papillary necrosis. This massive injury gave rise to impressive
increases in KIM1, clusterin, albumin and osteopontin, but levels of B2M
remained close to normal [52]. In the clinical setting, BaM has proven to
be a marker for disease severity in autosomal polycystic kidney disease
[61] and for renal damage by fumaric acid esters [62].
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Clusterin is a glycosated protein associated with apoptosis and clear-
ance of cellular debris and can be found in several tissues. Within kidney
cells, clusterin has been suggested to possess anti-apoptotic properties
and facilitates cell protection, lipid recycling and cell attachment, and
aggregation [63]. Clusterin cannot be filtered by glomeruli due to its size
and therefore urinary levels are specific for kidney injury. Clusterin per-
formed better to detect proximal tubular injury than cysc, B2M and total
protein [58] and evidence suggests it can be used as an early marker with a
profile similar to k1M1 [15;52]. The clusterin response correlates well with
tubular injury regardless of the location, particularly when regeneration
is present [45]. Elevated clusterin levels persist during regeneration and
appear to reflect the triggering and continuation of the repair process
[29]. Clinical data on urinary clusterin in relation to kidney injury is not
extensively available, however, it has been shown that clusterin expres-
sion isincreased in renal injury and cystic diseases [64].

Trefoil factor 3 (TFF3) is a small peptide hormone secreted by
mucus-producing and other epithelial cells [65]. In the kidney it is pro-
duced/secreted by cells of the collecting ducts [66]. TFF3 is involved in
many functions including restoration of intestinal epithelium [67], but
its physiological function within the kidney is still elusive. Because in
ageing rats decreasing amount of kidney TFF3 are found, it has been sug-
gested that TFF3 may have a general protective function [68]. Significantly
decreased levels of TFF3 have been observed in different rat models of
proximal tubular injury. Combining TFF3 with urinary albumin increases
sensitivity to early injury compared to traditional markers [69]. However,
studies comparing TFF3 to other novel biomarkersarelacking. In humans,
it has been reported that certain populations (African descent, diabetes
and antihypertensive medication use) have higher baseline urinary TFF3
levels, and thatincrease in urinary levels mightindicate ongoing repair of
chronic damage in the kidney [70].

Comparison & Considerations

Concerns regarding nephrotoxicity are often encountered during the
development of novel drugs. Particularly when the compound is about
to be tested in humans for the first time, all indications of possible kid-
ney injury are weighed. This may regard compounds belonging to drug
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classes that are notoriously associated with renal injury, drugs specifical-
ly targeted to the kidney, but also drugs that are considered ‘suspicious’
because of their mechanism of action or pharmacokinetic properties.
Preclinical suggestions for nephrotoxicity can be present. In case of clear-
ly dose-related adverse renal effects at the high end of the tested dose
range, it is usually possible to estimate a safe range for dosing in humans
provided that adequate monitoring is possible. However, it is more diffi-
cultif preclinical data point towards an incidentally occurring event. This
might lead to a more variable risk for susceptible human subjects, which
is difficult to catch. Whatever the findings in animals, close monitoring
of the kidney in clinical trials to detect untoward effects as soon as possi-
ble is necessary in all cases.

Every drug has its specific features and other factors such as dosing
schedule, cumulative dose, patient- and/or disease characteristics may
play a role. Thus, each drug requires the selection of an appropriate bio-
marker or most likely a panel of biomarkers to provide comprehensive
information. As subject safety is a primary goal in first into human trials,
sensitivity for the event is crucial. A strategy for selecting biomarkers
in humans could be to first focus on the localization of the site of injury
and the mechanism by which the compound causes injury. This may be
achieved by using histopathological information on the compound and
comparing this to histopathological and biomarker profiles of known
nephrotoxic agents that target similar sites (table 1).

The selection of a panel of biomarkers should obviously be based on
the possibilities and limitations of individual markers and the aim should
be to compose a panel of which the combination of biomarkers provides
complimentary information (table 2).

We first point out that currently a specific marker for glomerular
injury is unavailable and thus glomerular damage is frequently made by
excluding other causes. Identification of a biomarker specific for glomer-
ular injury would be of great value. cysc can be used to monitor general
kidney function as it reflects GER. Further, CycC and NGAL are the most
sensitive markers for early kidney damage of proximal tubular damage
[28]. However, it should be realized that the organ-specificity of cysc is
poor and other biomarkers are recommended to differentiate between
tubular and glomerular damage. The dependency of cysc levels on other
factors than renal function is important in diagnostic work-ups, but not
so much in clinical drug research as these circumstances can be taken
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into account by choice of population and by focusing on the time course
and relative changes from baseline. If this is unfeasible or undesired,
cysc appears to be a less suitable biomarker.

Although NGAL seems more tubular injury-specific compared to cysc,
this has been challenged by the finding that NGAL also increases in a
model of glomerular injury [31]. This could reflect generalized (glomer-
ular and tubular) injury or that the biomarker is not injury-site specific.
NGAL is not recommended as a monitoring tool, as it appears to possess
equal sensitivity as serum BUN. aGST and KIM1 exhibit similar sensitivi-
ty to detect tubular damage to the pars recta of the proximal tubule [46].
Nevertheless, k1M1 is preferred as there is more evidence regarding its
performance compared to other biomarkers [38]. Moreover, the close cor-
relation of KIM1 to histopathology [38;50] and the finding that it can be
used to also monitor reversibility [29] suggest KIM1 to be the biomarker
of choice. Furthermore, KIM1 can be used to detect subchronic or chron-
ic injury [28;71].The limited information available on TFF3 suggests that
this biomarker does not have a clear advantage over other biomarkers for
proximal tubular injury. We suggest to not use this marker unless more
information is available on its profile and its performance compared to
other biomarkers in animals and humans.

B2M is generally considered to be a glomerular marker, but increased
urinary excretion could also reflect impaired reabsorption by proximal
tubular cells. It appears that B2M as single measure does not have great
value [72]. However, when included in a panel of biomarkers it allows dis-
tinguishing between glomerular and tubular dysfunction. The choice to
incorporate clusterin depends largely on the expected toxicity. Clusterin
is a sensitive marker and its urinary excretion increases as a response to
tubular injury irrespectively of the site. This feature of non-specificity can
be of value, when tubular injury to distal tubules is suspected or localiza-
tion is unclear. It is advised to use clusterin only in a panel of biomarkers.
The information on 1L18 as suitable marker is too limited to justify its use
in early clinical drug development. However, the finding that 118 can be
used to detect acute kidney injury very early in hospitalized patients [37]
and its role in the pathophysiology of kidney injury [36] suggests that 1L18
is potentially a useful marker but this should be explored further.

It is important to take into account that biomarkers might increase for
other reasons than kidney injury (alone), which potentially results in
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an inaccurate conclusion. For instance, increased levels of acute-phase
proteins such as NGAL, but also B2M and 1L18 may be observed upon any
inflammatory condition regardless of the site of inflammation. Also
the population that is studied is important as illustrated by the finding
that patients with an impaired glucose tolerance show a higher urinary
excretion of NAG [73]. These problems may be minimized by assessment
of (changes in) renal function while taking all available information into
account. In practice, it is advised to careful consider the population that
is studied, to have good information on the biomarkers at baseline, and to
always measure chemistry and hematology at similar time points as the
panel of renal biomarkers. This comprehensive approach prevents erro-
neous attribution of findings to the kidney.

Recommendation

We conclude that measurement of urinary KIM1 suits many purposes and
is therefore often an appropriate choice. It allows for early detection of
proximal tubule injury, differentiation between glomerular and tubular
damage and assessment of reversibility and regeneration provided this
occurs. KIM1 can also be used to detect sub-chronic and chronic kidney
injury. NGAL is useful if tubular involvement is suspected, but no clear
notion of tubular localization is present. Clusterin may add value in case
of suspected injury in the distal tubule. If general kidney function and
thus a measure of clearance is required, it is useful to include cysc, pref-
erably combined with more specific markers to localize the origin of the
observed effect. 1118 is considered less suitable for early phase trials, but
might be helpful in phase 11/111 trials to be able to detect ATN in a very
early stage. It may be useful to include B2m and aGsT in the panel of bio-
markers as this enables to relate findings on new compounds to existing
knowledge of known nephrotoxic agents.
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Figure2 Theoretical relationship between serum creatinine and glomerular filtration rate (GFR)
calculated with creatinine clearance for a subject with normal muscle mass (12 mmol creat/24 hours).
Inthe range of creatinine for healthy subjects large declines in GFR are associated with relatively small
increases in serum creatinine. For example, if serum creatinine increases from 60 to 90 mmol/l (black
arrow), whichis a 50%increase (a cut off value for safety often used in clinical trials), GFR decreases
with 50 ml/min (grey arrow), which reflects a considerable functional loss of over 35%. When the

GFR decreases below 60 mL/min, further decrements are associated with larger increases in serum
creatinine, which makes the marker more sensitive for change.
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Table1 Established nephrotoxic agents and accompanying biomarker signal Table2 Aimsofresearchand appropriate biomarkers

Injury Models Kidney Biomakers Adm: Suitable marker
Sensitive Specific Monitoring general kidney function (GFR) cysc
I Differentiate between glomerular and tubular damage KIMI, clusterin , sGST
| Puromycin aminonucleoside Monitor toxicity with suspected glomerular localization B2M
Glomerulus L (PAN) B2M, CysC
Doxorubicin Monitor toxicity with suspected non-glomerular localization CysC, NGAL,
Detect early kidney injury with suspected proximal tubular localization aGST, KIM1
Bl Monitor reversibility/regeneration with suspected proximal tubular localization KIm1
C"I(‘) nl‘)] olluteld Monitor toxicity with suspected distal tubular localization Clusterin
ubule s
' Monitor reversibility/regeneration with suspected distal tubular localization Clusterin
Gentamicin - . - ) - . -
¥ e Elucidate pathophysiological mechanism with known proximal tubular injury site NAG
. Cisplatin, ’
Proximal Carbapenem G, NAG High risk of ATN (Phase 11/111 trials) IL-18
Convoluted R NGAL,
Tubule s2 (1L-18)
Proximal Vancomycin
Straicht Hexachloro- KIM-1,
Tubuli s 1:3-butadiene aGsT
(HCBD)
Distal ]
Convoluted CIEEA,
ngal
TuBUle s
AmphotericIN
agst
B
Collecting
Duct
Renal Papilla Z—bromoeth_ylamm li el - KIM-1, clusterin®
mide (BEA)

*no biomarker identified to date covering this area
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Abstract

Oligonucleotides (ONs) are short fragments of nucleic acids, currently
being investigated as therapeutic agents. When administered subcuta-
neously (sc) oNs cause a specific local reaction originating around the
injection site, such as erythema, itching, discomfort and pain, including
more severe manifestations such as ulceration or necrosis. These injec-
tion site reactions (ISRs) are common, but rather poorly described in the
literature. With this review, we aim to provide an overview on the extent
of the problem of 1sRrs, based on reported incidence. A structured liter-
ature search was performed to identify reported incidence and clinical
features of 1srRs which yielded 70 manuscripts that contained informa-
tion regarding 1SRs. The data from literature was combined with data on
file available at our institution. All sc administered oNs described in liter-
ature lead to the occurrence of 1sRs. The percentage of trial subjects that
developed 1srs differed per oN and ranged from 2.2 to 100%. The majority
of oNs caused ISRs in more than 70% of the trial subjects. Severity of the
observed reactions varied between different oNs. Occurrence rate as well
as severity of ISRs increases with higher doses. For chemistry and target
of the compounds no clear association regarding ISR incidence or sever-
ity was identified. All oNs developed to date are associated with IsRs.
Overcoming the problem of 1srRs might add greatly to the potential suc-
cess of sc administered oNs. Knowledge of these skin reactions and their
specific immunostimulatory properties should be increased in order to
obtain ONs that are more suitable for long-term use and clinical applica-
ble in a broader patient population.

Introduction

Oligonucleotides are fragments of 12-24 nucleic acids in a target-specific
sequence [1]. These compounds are designed to either inhibit mrNA of
the targeted protein using the antisense principle, altering the reading
frame by exon-skipping, directly inhibit the targeted protein (antago-
nist) or bind as an agonist on the receptor (figure 1). The latter ONs are
under investigation for their immunostimulatory properties, such as
C-phosphate-Guanine oNs (CpGs) [2]. ONs are an attractive class of
compounds since the drug synthesis and production has become fully
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automated, rapid and inexpensive, whereby every desired nucleic acid
sequence can be generated. Over the years, different oN subclasses with
distinct molecular structures have been generated. Initial oNs, dating
from the early 1990s, were unmodified deoxyoligonucleotides. Around
the year 2000, a phosphorothioate backbone was added to many ons.
This led to major improvement as phosphorothioate oNs are highly solu-
ble in water, have increased nuclease stability and show excellent biologic
activity [1].

Despite the numerous oN drug candidates identified and studied
over the last 20 years, up to the highest clinical trial phases, only two
ONs achieved marketing approval by the FpA, mipomersen (in 2013) and
fomivirsen (in 1998, for the treatment of cMV retinitis). This discrep-
ancy may be explained by frequently untoward effects induced by ons,
including nephrotoxicity, hepatotoxicity, thrombocytopenia and inflam-
matory responses [3-6]. Subcutaneous (sc) administration of oNs also
results in the occurrence of injection site reactions (ISRs), specific local
skin reactions originating around the injection site manifesting itself as
erythema, induration, itching, discomfort and pain, or more severely as
ulceration or necrosis. oN-induced I1SRs are considered to be common,
nonetheless detailed information in the literature regarding these skin
effects is limited.

For example mipomersen (Kynamro®; previously 1s1s 301012) the
only Fpa-approved oN currently available is known to cause ISRs.
Mipomersen targets the mRNA for apolipoprotein B to treat homozygous
familial hypercholesterolemia. Mipomersen carries a boxed warning for
the serious risk of liver toxicity, which is considered to be an off-target
effect [7]. Although it is known that in phase 3 trials, 5% of all treated sub-
jects discontinued mipomersen treatment due to 1sRrs [8], detailed public
information on ISR severity, incidence and causal mechanism is scarce.
The full prescribing information of mipomersen states that the local
reactions typically consist of erythema, pain, tenderness, pruritus and/
orlocal swelling. However, no notification is made that reactions may be
more severe, and/or lead to irreversible skin changes. The occurrence of
1sRsis unlikely to be a specific feature of mipomersen, but a class effect of
oligonucleotides.

With this review we aim to provide a comprehensive and detailed
overview of the incidence, severity, clinical manifestations and patho-
physiology of oN-induced 1sRs after sc administration.
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Materials and Methods

A structured literature search was performed to identify reported inci-
dence and clinical features of 1SRs in clinical trials up to and including
February 2015. The following databases were used: PUBMED, MEDLINE,
Embase, Embase meeting abstracts, Web of Science, Web of Science
meeting abstracts, COCHRANE, CENTRAL, CINAHL, Academic Search
Premier (free text), ScienceDirect (free text), Wiley, SAGE (free text),
HighWire (free text), LWw (free text). Search terms were injections site
reaction or related terms and oligonucleotides or related terms. 514 hits
were found, only original trials reporting on phosphorothioate oNs were
included. By screening of the manuscript title 255 papers were excluded
(animal/preclinical data, oligonucleotide used as adjuvant, no oligonucle-
otide therapy, compounds with different chemistry or no subcutaneous
administration), by abstract screening another 189 results were exclud-
ed (review articles e.g. on mipomersen and CPG-structures, and above
mentioned reasons for exclusion). Of the 70 results the complete papers
(when available) were studied and information regarding ISRs was
extracted and reported here. A cross-check was performed by a search
for ons using the Integrity Database [9] (last accessed 18 February 2015).
This yielded information on 7 additional oNs clinically tested, not (yet)
reported on in the public domain. Further, publicly available documents
from manufacturers of oNs and regulatory agencies were screened for
relevant information on ISRs.

These data were combined with safety data on file available at the
Centre for Human Drug Research in Leiden, the Netherlands, where a
total of 204 subjects participated in trials with 4 different ons. These stud-
ies were conducted in accordance with good clinical practice guidelines,
after approval by the Central Committee on Research Involving Human
Subjects (ccmo) of the Netherlands. Two of these compounds were made
anonymous by naming them ON_CHDR to protect intellectual property.

Results
INCIDENCE

The literature search yielded no review papers on 1srs. Twenty-four (24)
different sc administered oNs were identified in the papers found by the
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literature search and the information from the Integrity Database [9]. For
19 compounds reporting was available, and for all these compounds 1srs
occurred. For the other 5 compounds identified, no reporting was (yet)
available (PRO044, PRO0O45, PROO53, IsisGCCRRx and IsisTTRRx). The data
found in the search was supplemented with cHDR data on file regarding
four other ons for which also 1srRs were invariably noted. An overview of
incidence of 1sRs associated with these oNs is provided in figure 2. The
percentage of trial subjects that develops 1sRs differs per oN and ranged
from 22 to 100%. The majority of ONs causes ISRs in more than 70% of
the trial subjects and for two ONs it was reported that all treated individ-
uals developed 1sRs. For almost all oNs the incidence of 1SRs is clearly
dose-dependent. This is illustrated by the incidence for mipomersen
[10], ON_CHDR2, IMO-8400 and 1515325566 (figure 3). For these four ONs
higher doses are associated with higher incidence of 1srs. Although the
shape of the curve differs, the trend towards higher incidence with higher
dose is clear and a plateau at 100% seems to occur from a certain dose
level onwards. The only on that did not show direct dose-dependency was
151514803 with a 100% occurrence rate at all dose levels tested, which may
reflect that the doses studied were too high to detect dose-dependency.
1sRs following sc injection of ONs are characterized by a symmetrical
erythemous skin lesion around the injection site, with a diameter ranging
from 4 - 15 cm. The erythema may be accompanied by discomfort, pain,
itch, induration and/or ulceration (figure 4), but is usually not accompa-
nied by lymphadenopathy. The erythema generally appears 24-96 hours
after the injection. It often reaches a maximal intensity around 48 hours
after injection. These data appear to be corroborated by publicly available
sources reporting that the most common injection site reactions (inci-
dence between brackets) for mipomersen consisted of erythema (59%),
pain (56%), hematoma (32%), pruritus (29%), swelling (18%) and discol-
oration (17%) [7]. Information on severity and duration of 1SRs is not
readily available, but it appears that the resolution of a skin lesion differs
greatly among individuals. A total of 204 subjects were actively treated
with one of 4 different ONs at our centre. ISRs were reported in 122 (60%)
of the subjects and complete resolution occurred in this group in over
80% of the cases. The duration to resolution ranged from 14 to 90 days.
Approximately 20% of the participants developed a (semi)permanent
discoloration of the skin. This manifested itself as persistent mild ery-
thema or hypo/hyperpigmentation of the skin, which was usually smaller
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in diameter than the original erythemous lesion (figure 5). Interestingly,
the pooled phase 111 trials with mipomersen report that 7.7% (20/261)
of individuals experienced reactions at a previous injection site when
subsequent injections were administered at a different site; a so-called
injection site recall reaction.

The severity of 1SRs is generally described in the literature as ‘mild to
moderate’. However, in most papers the definitions of the concepts ‘mild’
and ‘moderate’ are not specified and usually no information is provided
on how many of each were reported. A notable exception was the report-
ing on the severity of the 1SRs occurring for PF3512676 for which a grading
system was used (table 2) [11]. The majority of patients were reported to
have an 1SR of Grade 2 or lower (mild to moderate), up to 10% of patients
reported an 1SR of Grade 3 or greater which was defined as severe and
requiring dose modification. In the combined phase 111 6-month trials
5% of all mipomersen-treated individuals discontinued due to 1SRs [8].
Other patient drop-outs as a result of 1ISRs were reported for PF 3512679
and 15152302 [12]. The severity profile may differ between compounds
and between dose levels, however this is difficult to assess as no grading
system is consistently used throughout different studies.

HISTOLOGY

Little is known of the histopathology of 1srs. The largest series currently
available is from a dedicated 1SR study performed with mipomersen. In
this study 32 individuals had post-treatment skin biopsies of injection
sites. Histological analyses of these injection sites showed that 9 of the
32 individuals had findings consistent with leukocytoclastic vasculitis
e.g. infiltrating neutrophils, prominent nuclear dust, lymphocytes, and
eosinophils with local macrophage infiltration [7]. The histology of a biop-
sy of an erythematous ISR observed in our center showed a non-specific
spongiotic appearance with few eosinophils (figure 64,B,c). The inflam-
matory influx was mainly perivascular and to small extent also present in
pre-existing collagen, and the basal layer of the epidermis. The subcuta-
neous fat tissue demonstrated necrosis and infiltration with eosinophils
(figure 6D).
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Discussion

Since detailed information on oligonucleotide-induced 1sRrs is current-
ly lacking, we conducted a systematic review of all data available in the
public domain, and supported the findings with relevant data collected
in clinical studies with subcutaneously administered oNs performed at
the cHDR. All sc administered oNs described in literature and studied
at the cHDR resulted in the induction of 1SRs. ON-induced ISRs appear as
symmetrical erythematous skin lesions, often accompanied by discom-
fort, pain, itch, induration and/or ulceration, variable in size, and with
variable resolution times between compounds and individuals. This local
immune response is in line with the general pro-inflammatory potential
of oNs in humans, since flu-like symptoms and elevated cRP are common
after sc administration of ONs [7]. Also systemic adverse reactions direct-
ly following 1v infusion (fever, nausea, malaise) are commonly observed
in clinical trials with ONs [13;14]. Based on the data available, it is conclud-
ed that oN dose level is an important determinant for the induction of
ISRs as occurrence rate and severity increases with higher dose levels.
ons differed mutually with respect to the incidence and severity of the
induced 1sRs, although no clear association with a specific oN subclass
was observed. Although many efforts have been made to design oNs
lacking immune-stimulating effects, none of the established chemical
modifications did result in the desired effect. The 5-methyl-cytosine sub-
stitution is claimed to reduce immune stimulation [7;15]. Locked nucleic
acid (LNA) modifications are intended to enhance the antisense binding
affinity to the mrNA target and increase its biological half-life, reducing
the probability of off-target effects [16]. However, the observed incidence
and severity of the skin reactions induced by these newer compounds
does not differ from older oN subclasses (table 1). It is remarkable that
the ons with the highest 1SR rates, 1s1s 14803 and mipomersen, both
include a s-methyl-cytosine substitution. No other potential correla-
tion between oN subclass or length and 1SR incidence or severity was
observed (table 1). These findings demonstrate thatitis at least uncertain
that further chemical modification of ONs may result in the desired lack
of immune-stimulating activity. Nevertheless, it appears that chemical
modifications are pursued. Examples of this approach are to introduce a
so-called steric bulk at 5-position of the sugar-phosphate backbone [17],
to conjugate the oligonucleotide with peptides, proteins, carbohydrates,
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aptamers and small molecules [18], or introduce receptor-binding mol-
ecules such as folate, anisamide or N-acetyl galactosamine (GalNac) or
dynamic polyconjugates to the oligonucleotide [19]. An alternative strate-
gy may be to alter the delivery of oNs in a manner which may bypass local
immune responses. Altered delivery can be obtained using chelation [20]
or the use of nanoparticles or liposomes [21]. Moreover, avoiding ISR s
could be achieved by oral administration of ONs, a concept that is current-
ly investigated [22]. Whether these strategies are safe and efficacious in
humans remains to be determined.

Our review demonstrates that ISRs after sc administration of ONs are
a serious problem. Obviously, severe and long-lasting local inflammatory
responses upon sc use of ONs are debilitating for potential future patient
populations. In addition, relatively mild discomfort such as itch and cos-
metic aspects like erythema and altered pigmentation may jeopardize
adherence to therapy, particularly upon chronic use. This is illustrated
by the relatively high percentage of participants in phase 3 mipomers-
en trials discontinuing therapy early due to the occurrence of 1SRs [8].
Ultimately, the potential value of sc oN therapy is dependent on the
severity of a particular disease and availability of alternative therapies.
For example, 1SR-inducing sc ON therapy may be acceptable for patients
suffering from an otherwise untreatable malignancy or lethal muscular
dystrophy, whereas hypercholesterolemic patients would not readily
consider the use of such a therapy.

For the future clinical application of sc oNs, detailed understanding
of the mechanisms causing the skin reactions is essential. It is unlikely
that the occurrence of 1SRs can be explained by the oN target or the tar-
get distribution. For example, 1sIs 14803 and miravirsen both target RNA
replication of the Hepatitis C Virus (HcV), however the compounds have
the highest and second lowest 1SR rates (table 1). It does not seem that the
dermal localization of the oN target predisposes to a higher 1SR occur-
rence rate: the target of the oN with the highest incidence is expressed
hepatically (1s1s 14803), whereas cpG1o101 that has a target in the skin
shows a remarkably low incidence in 1SRs. This is interesting given the
fact CpPG oNs are intended to act immunostimulatory. Unlike assumed
earlier however, it was shown that TLR9 activation is not confined to the
compounds containing unmethylated CpG, but depends on backbone
structure [23;24]. In conclusion, the induction of 1SRs by sc administra-
tion of ONs may be a class effect inherent to the physical-chemical nature
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of the compounds, which can potentially be circumvented by further
chemical modification, although published evidence is currently lacking.
Further, we argue that rational development of tailored oN subclass-
es could benefit from in-depth knowledge on the relationship between
chemical modifications and the molecular pathways involved in the
immune responses causing the ISRs.

MOLECULAR TARGETS

Which molecular targets may be implied in the observed oN-induced
immune responses? The skin functions as a mechanical barrier, and also
as a first line immune defense, comprising innate and adaptive immune
mechanisms [25]. The skin contains a mixture of immune cells: keratino-
cytes releasing cytokines and chemokines in response to injury, resident
dendpritic cells, macrophages, innate, NK- and helper T lymphocytes, and
mast cells in the dermis [26]. oN-mediated activation of the immune
system is likely to start in the dermis. Unfortunately, relatively limited
information is available on the specific pathophysiology of 1srs. In gen-
eral, drug-induced skin reactions are non-specific hypersensitivity-like
responses, characterized by dermal edema with perivascular and inter-
stitial acute and chronic inflammation with involvement of neutrophils,
eosinophils and lymphocytes [27-29]. This is compatible with the findings
from biopsies performed upon occurrence of 1srs after sc administra-
tion of mipomersen [7]. Similar histological responses were observed
in a clinical study with a ribozyme construct, chemically resembling
an ON [30]. Specific features of oN-induced 1sRrs include the involve-
ment of immunological memory, as demonstrated by the injection site
recall reactions related to previous exposure to the oN [7]. Also, hyper-
and hypopigmentation is incidentally observed after administration of
mipomersen. They should be considered non-specific post-inflamma-
tory clinical sequellae, also occurring in skin diseases including acne
vulgaris, atopic dermatitis, skin infections and allergic reactions [31].
The response is known to result from the activation of melanocytes with
overproduction of melanin or an irregular dispersion of pigment, but the
exact mechanism underlying post-inflammatory hyperpigmentation is
unknown [32]. Some scattered histological information is available on
immune responses in oN-induced IsRs, but this information does not
tell which specific molecular pathways are driving the initial immune
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response. The innate immune system, being the first line of defense,
comprises different subsystems for the protection of the body against
pathogens. The most likely initial drivers of the oN-induced immune
response are innate cytosolic sensors and Toll-like receptors (TLRs) and
the complement system, two innate immune pathways that may act syn-
ergistically [33]. The TLR system comprises different pattern recognition
receptors sensing a variety of pathogens ranging from bacteria to fungi,
protozoa, and viruses [34]. More particularly, the cell-membrane bound
TLR2 and TLR4 can be activated by viruses and viral components, as are
the endosomal TLR3, TLR7/TLR8 and TLR9, which sense double-strand
RNA, single-strand RNA, and CPG DNa, respectively. Since ONs are short
nucleic acid sequences, which may mimic viral sequences, they could
theoretically trigger innate cytosolic sensors such as retinoic acid-induc-
ible gene I (R1G-I), melanoma differentiation-associated gene 5 (MDA-5),
TLR3, TLR7/8, resulting in MYD88 (TYPE I IFN) and NF-KAPPA-B and the
expression of pro-inflammatory cytokines by dendritic cells and mac-
rophages [35-39]. Complement activation is known to play a key role in
dermatological inflammatory conditions [40]. Leukocytoclastic vasculi-
tis has been demonstrated in 1SR biopsies of mipomersen-treated human
subjects [7], which implies the potential involvement of complement
since in this type of vasculitis complement complexes and perivascular
complement deposits are commonly observed [41]. Leukocytoclastic
vasculitis (also known as hypersensitivity vasculitis / angiitis) is com-
monly confined to the skin and is caused by vascular damage due to
nuclear debris from infiltrating neutrophils. The most common cause
is secondary to medications. The common clinical observations fit the
findings for oN-associated ISRs as the majority of the lesions are acute
and show resolution in weeks to months, but 10% turns into a chronic
condition characterized by persistent lesions or intermittent recurrence.
These chronic lesions eventually develop into morphea (also known as
localized scleroderma or circumscribed scleroderma), a condition con-
sisting of patches of hardened skin with no internal organ involvement.
Interestingly, the treatment for leukocytoclastic vasculitis is to stop
the causative agent and to avoid steroids. The latter would explain why
attempts to reduce IISR using steroids have failed. However, based on the
data available in the public domain it remains difficult to draw firm con-
clusions on potential TLR and complement activation in the skin upon sc
ON treatment. The occurrence of ISRs appears to be species-dependent,
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which is not surprising given the large differences in the immune system
response between species [42]. For example, monkeys are more sensitive
to oligonucleotide-induced complement activation than humans [43;44].
However, dedicated animal studies may shed light on the mechanisms
underlying 1sRs: in mice and non-human primates immunostimulatory
effects of ONs were observed [2;45-47], which demonstrates the potential
relevance of these animal models for mechanistic studies. Subcutaneous
administration of phosphorothioate oNs to rodents resulted in local
swelling and induration at the injection site, with mononuclear cell infil-
trates [46;48], lymphoid hyperplasia and multiorgan lymphohistiocytic
cell infiltrates [43;49;50]. Administration of CPG-containing ONs to mice
resulted in TLR9 activation [35]. Furthermore, experiments in non-human
primates have shown that phosphorothioate oNs may activate the alter-
native complement pathway [51;52], possibly by interaction with Factor
H [52;53]. It is uncertain how these preclinical data translate to humans,
but when combined with tailored preclinical studies applying human cell
cultures or mouse models with a humanized immune system, potential-
ly involved mechanisms in oN-induced 1SR development in man may be
identified. The involvement of specific TLR pathways and complement in
oN-induced 1sRs could be systematically explored in a clinical trial with
mipomersen, acommercially available oligonucleotide that is considered
to be safe, but does induce 1sRs. Thorough investigation of biopsies from
skin lesions with dedicated immunohistochemical staining may shed
light on the exact immunological mechanisms involved. In addition, we
would advocate standardized quantitative and qualitative assessments of
skin reactions in all future clinical studies with sc administration of ONs
including immunohistochemistry and electronmicroscopy. This would
provide more insight into the course of the development of the lesions,
and allow a more structured comparison between different compounds.

In summary, all oNstested in clinical studies have been reported to induce
ISRs, reflecting a drug class effect. Detailed information on 1SRs in the
experimental setting is currentlylacking. Itis recommended to performa
uniform and standardized assessment of the skin reactions for all future
studies with ONs, to gain more insight and to allow comparison between
different compounds. This assessment should include a standardized
way of reporting the clinical features, scoring severity and reporting dura-
tion (table 3). Also performing standardized medical photography and
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biopsies from affected skin could add greatly to the current knowledge.
More recent ON subclasses with specific chemical modifications aiming to
avoid immunological skin responses have at present not been successful
to completely prevent occurrence of 1SRs. The pathophysiology underly-
ing the 1sRs and the causative immune pathways remains speculative.
The initial immunological activation is likely to be driven by specific TLRs
and complement. However, the exact involvement of these pathways has
notbeen studied in detail, or alternatively not reported upon in the public
domain. We therefore advocate a systematic approach to elucidate the
immune-stimulatory effects of oligonucleotides, by performance of ded-
icated clinical and preclinical studies. In-depth knowledge on the exact
mechanisms underlying these skin reactions will be of importance for
the future of all oNs, not only the ones administered subcutaneously. In
parallel, strategies to diminish or limit the skin response induced by oNs
should be considered. It appears that neither systemic or locally applied
corticosteroid treatment prevent development of 1SRs [54], but other
treatments that have been explored for leukocytoclastic vasculitis may be
considered [55]. Further, local oN exposure should be limited by restrict-
ing the dose to the minimal level exerting the desired clinical effect, and
possibly by spreading an effective total dose over multiple administra-
tions, an approach demonstrated to be effective for mipomersen [56].

ANTI SENSE AND SENSIBILITY — RENAL AND SKIN EFFECTS OF (ANTISENSE) OLIGONUCLEOTIDES

REFERENCES

1

I

1

(o]

=

Iy

Dias N, Stein CA: Antisense oligonucleotides:
basic concepts and mechanisms. Mol Cancer
Ther 2002;1:347-355.

Krieg AM: From Ato Z on cpG. Trends Immu-
nol 2002;23:64-65.

Marquis JK, Grindel JM: Toxicological eval-
uation of oligonucleotide therapeutics. Curr
Opin Mol Ther 2000;2:258-263.

Monteith DK, Levin AA: Synthetic oligo-
nucleotides: the development of antisense
therapeutics. Toxicol Pathol 1999;27:8-13.
CavagnaroJA, Levin AA, Henry SP: Preclinical
Safety Evaluation of Biopharmaceuticals.

A Science-based Approach to Facilitating
Clinical Trials (Toxicology of oligonucleotide
therapeutics and understanding the relevance
of toxicities); Hoboken, NJ, Wiley, 2008, pp
538-574.

Crooke ST, Scott H, Kim TW, Kramer-Stick-
land K, Zanardi T, Fey RA, Levin A: Antisense
Drug Technology: Principles, Strategies and
Applications. 2 (Toxicologic properties of
2’-methoxyethyl chimeric antisense inhibitors
in animals and man); Carlsbad, ca, CRc Press,
2008, pp 327-363.

Mipomersen FDA Briefing Document NDA
203568: 2012.

unknown: highlights of prescribing informa-
tion kynamro; 2013.

Integrity Database: Thomson Reuters, 2015.
Kastelein J], Wedel MK, Baker BF, SuJ, Brad-
leyJD, Yu RZ, Chuang E, Graham MJ, Crooke
RM: Potent reduction of apolipoprotein B
and low-density lipoprotein cholesterol by
short-term administration of an antisense
inhibitor of apolipoprotein B. Circulation
2006;114:1729-1735.

Manegold C, van ZN, Szczesna A, Zatloukal P,
AuJS, Blasinska-Morawiec M, Serwatowski P,
Krzakowski M, Jassem ], Tan EH, Benner R]J,
Ingrosso A, Meech SJ, Readett D, Thatcher N:
Aphase 111 randomized study of gemcitabine
and cisplatin with or without PF-3512676
(TLR9 agonist) as first-line treatment of
advanced non-small-cell lung cancer. Ann
Oncol 2012;23:72-77.

Schreiber S, Nikolaus S, Malchow H, Kruis W,
Lochs H, Raedler A, Hahn EG, Krummenerl T,
Steinmann G: Absence of efficacy of subcuta-
neous antisense ICAM-1 treatment of chronic
active Crohn’s disease. Gastroenterology
2001;120:1339-1346.

13

14

15

16

17

18

19

2
2

= O

2

o

23

van Dongen MG]J, Geerts BF, Morgan ES,
Brandt TA, de Kam ML, Romijn JA, Cohen
AF, Bhanot S, BurggraafJ: First proof of
pharmacology in humans of a novel glucagon
receptor antisense drug. The Journal of
Clinical Pharmacology 2014;n/a.

Jansen B, Wacheck V, Heere-Ress E,
Schlagbauer-Wadl H, Hoeller C, Lucas

T, Hoermann M, Hollenstein U, Wolff K,
Pehamberger H: Chemosensitisation of
malignant melanoma by BCL2 antisense
therapy. Lancet 2000;356:1728-1733.
McHutchison JG, Patel K, Pockros P, Nyberg
L, Pianko S, Yu RZ, Dorr FA, Kwoh TJ: A phase
Itrial of an antisense inhibitor of hepatitis
Cvirus (1815 14803), administered to chronic
hepatitis C patients. ] Hepatol 2006;44:88-96.
Veedu RN, Wengel J: Locked nucleic

acids: promising nucleic acid analogs for
therapeutic applications. Chem Biodivers
2010;7:536-542.

Seth PP, Jazayeri A, YuJ, Allerson CR, Bhat B,
Swayze EE: Structure Activity Relationships
of alpha-L-LNa Modified Phosphorothioate
Gapmer Antisense Oligonucleotides in
Animals. Mol Ther Nucleic Acids 2012;1:€47.
Winkler J: Oligonucleotide conjugates

for therapeutic applications. Ther Deliv
2013;4:791-809.

Gish RG, Yuen MF, Chan HL, Given BD,

Lai CL, Locarnini SA, LauJY, Wooddell

CI, Schluep T, Lewis DL: Synthetic RNAi
triggers and their use in chronic hepatitis B
therapies with curative intent. Antiviral Res
2015;121:97-108.

Vaillant A, Bazinet M: 2012..

YuB, MaoY, Bai LY, Herman SE, Wang

X, RamanunniA, JinY, Mo X, Cheney C,
Chan KK, Jarjoura D, Marcucci G, Lee RJ,
Byrd JC, Lee L], Muthusamy N: Targeted
nanoparticle delivery overcomes off-

target immunostimulatory effects of
oligonucleotides and improves therapeutic
efficacy in chronic lymphocytic leukemia.
Blood 2013;121:136-147.

van PM, Young C, van den Berg S, Pronk A,
Hulsker M, Karnaoukh TG, Vermue R, van
Dijk KW, de KS, Aartsma-Rus A: Preclinical
studies on intestinal administration of
antisense oligonucleotides as a model for oral
delivery for treatment of duchenne muscular
dystrophy. Mol Ther Nucleic Acids 2014;3:e211.
Haas T, Metzger ], Schmitz F, Heit A, Muller
T, Latz E, Wagner H: The DNA sugar backbone

INJECTION SITE REACTIONS AFTER SUBCUTANEOUS OLIGONUCLEOTIDE THERAPY — CHAPTER 6




2!

©n

2

[}

2

N

23

2

2

o

3

et

32

3

v

34

35

o

3

2’ deoxyribose determines toll-like receptor 9
activation. Immunity 2008;28:315-323.
Yasuda K, Rutz M, Schlatter B, Metzger ],
Luppa PB, Schmitz F, Haas T, Heit A, Bauer S,
Wagner H: cpG motif-independentactivation
of TLR9 upon endosomal translocation of
“natural” phosphodiester DNA. Eur ] Immunol
2006;36:431-436.

Greaves P: Histopathology of Preclinical Tox-
icity Studies: Interpretation and Relevance in
Drug Safety Evaluation; 2012, pp 11-1.

Kupper TS, Fuhlbrigge RC: Immune
surveillance in the skin: mechanisms and
clinical consequences. Nat Rev Immunol
2004;4:211-222.

Pichler WJ: Delayed drug hypersensitivity
reactions. Ann Intern Med 2003;139:683-693.
Thyssen JP, Maibach HI: Drug-elicited sys-
temic allergic (contact) dermatitis--update
and possible pathomechanisms. Contact
Dermatitis 2008;59:195-202.

Ramdial PK, Naidoo DK: Drug-induced
cutaneous pathology. ] Clin Pathol
2009;62:493-504.

Weng DE, Masci PA, Radka SF, Jackson TE,
Weiss PA, Ganapathi R, Elson PJ, Capra WB,
Parker VP, Lockridge JA, Cowens JW, Usman
N, Borden EC: A phase I clinical trial of a ribo-
zyme-based angiogenesis inhibitor targeting
vascular endothelial growth factor receptor-1
for patients with refractory solid tumors. Mol
Cancer Ther 2005;4:948-955.

Davis EC, Callender VD: Postinflammatory
hyperpigmentation: a review of the epidemi-
ology, clinical features, and treatment options
in skin of color. ] Clin Aesthet Dermatol
2010;3:20-31.

Taylor S, Grimes P, Lim ], Im S, Lui H: Postin-
flammatory hyperpigmentation. ] Cutan Med
Surg 2009;13:183-191.

Hajishengallis G, Lambris JD: Crosstalk
pathways between Toll-like receptors and

the complement system. Trends Immunol
2010;31:154-163.

Bauer S, Hartmann G: Handbook of Experi-
mental Pharmacology; 2004, p 183.

SennJJ, Burel S, Henry SP: Non-CpG-con-
taining antisense 2’-methoxyethyl
oligonucleotides activate a proinflammatory
response independent of Toll-like receptor 9
or myeloid differentiation factor 88.] Phar-
macol Exp Ther 2005;314:972-979.

Agrawal S, Kandimalla ER: Role of Toll-like
receptors in antisense and siRNA [corrected].

37

38

39

4

=

42

43

44

45

Nat Biotechnol 2004;22:1533-1537.
Richardt-Pargmann D, Vollmer J: Stimula-
tion of the immune system by therapeutic
antisense oligodeoxynucleotides and small
interfering RNAs via nucleic acid receptors.
Ann NY Acad Sci 2009;1175:40-54.

Burel SA, Han SR, Lee HS, Norris DA, Lee BS,
Machemer T, Park SY, Zhou T, He G, Kim Y,
MacLeod AR, Monia BP, Lio S, Kim TW, Henry
SP: Preclinical evaluation of the toxicological
effects of a novel constrained ethyl modified
antisense compound targeting signal trans-
ducer and activator of transcription 3 in mice
and cynomolgus monkeys. Nucleic Acid Ther
2013;23:213-227.

Burel SA, Machemer T, Ragone FL, Kato

H, Cauntay P, Greenlee S, Salim A, Gaarde
WA, HungG, Peralta R, Freier SM, Henry

SP: Unique O-methoxyethyl ribose-DNA
chimeric oligonucleotide induces an

atypical melanoma differentiation-associ-
ated gene 5-dependent induction of type I
interferon response. ] Pharmacol Exp Ther
2012;342:150-162.

Panelius J, Meri S: Complement system in
dermatological diseases - fire under the skin.
Front Med (Lausanne ) 2015;2:3.

Dauchel H, Joly P, Delpech A, Thomine E,
Sauger F, Le L, X, Lauret P, Tron F, Fontaine
M, Ripoche J: Local and systemic activation of
the whole complement cascade in human leu-
kocytoclastic cutaneous vasculitis; C3d,g and
terminal complement complex as sensitive
markers. Clin Exp Immunol 1993;92:274-283.
Barreiro LB, Marioni JC, Blekhman R, Ste-
phens M, Gilad Y: Functional comparison

of innate immune signaling pathways in
primates. PLoS Genet 2010;6:€1001249.

Henry S, Kim TW, Kramer-Stickland K,
Zanardi TA, Fey RA, Levin AA: Toxicologic
properties of 20-methoxyethyl chimeric
antisense inhibitors in animals and man;Anti-
sense Drug Technology: Principles, Strategies
and Applications. CRC Press, Carlsbad, CA.,
2008, pp 327-363.

Kwoh JT: An overview of the clinical safety
experience of first- and second-generation
antisense oligonucleotides;Antisense Drug
Technology: Principles, Strategies, and Appli-
cations. 2008, pp 365-399.

Kandimalla ER, Struthers M, Bett AJ,
Wisniewski T, Dubey SA, Jiang W, Precopio
M, SunZ, Wang H, Lan T, Agrawal S, Casimiro
DR: Synthesis and immunological activities of

ANTI SENSE AND SENSIBILITY — RENAL AND SKIN EFFECTS OF (ANTISENSE) OLIGONUCLEOTIDES

[N

4

4

=

[

4

49

50

52

53

54

55

56

novel Toll-like receptor 7 and 8 agonists. Cell
Immunol 2011;270:126-134.

Monteith DK, Henry SP, Howard RB,
Flournoy S, Levin AA, Bennett CF, Crooke

ST: Immune stimulation--a class effect of
phosphorothioate oligodeoxynucleotides in
rodents. Anticancer Drug Des 1997;12:421-432..
Ravindran C, Cheng YC, Liang SM: cpG-
ODNs induces up-regulated expression of
chemokine CCL9 in mouse macrophages and
microglia. Cell Immunol 2010;260:113-118.
EngelhardtJA: Predictivity of animal studies
for human injection site reactions with
parenteral drug products. Experimental and
Toxicologic Pathology 2008;60:323-327.
Henry SP, Giclas PC, Leeds ], Pangburn M,
Auletta C, Levin AA, Kornbrust DJ: Activation
of the alternative pathway of complement by
a phosphorothioate oligonucleotide: potential
mechanism of action. ] Pharmacol Exp Ther
1997;281:810-816.

Choi SS, Chung E, Jung YJ: Newly identified
cpG ODNs, Ms-30 and M6-395, stimulate
mouse immune cells to secrete TNF-alpha and
enhance Thi-mediated immunity. ] Microbiol
2010;48:512-517.

Farman CA, Kornbrust DJ: Oligodeoxynu-
cleotide studies in primates: antisense and
immune stimulatory indications. Toxicol
Pathol 2003;31 Suppl:119-122.

Henry SP, Beattie G, Yeh G, Chappel A,

Giclas P, Mortari A, Jagels MA, Kornbrust

DJ, Levin AA: Complement activation is
responsible for acute toxicities in rhesus
monkeys treated with a phosphorothioate
oligodeoxynucleotide. Int Immunopharmacol
2002;2:1657-1666.

Alexander NJ, Clarkson TB, Fulgham DL: Cir-
culating immune complexes in cynomolgus
macaques. Lab Anim Sci 1985;35:465-468.
Goemans NM, Tulinius M, Van Den Akker JT,
Burm BE, Ekhart PF, Heuvelmans N, Holling
T, Janson AA, Platenburg GJ, SipkensJA, Sit-
sen JMA, Aartsma-Rus A, Van OG]J, Buyse G,
Darin N, Verschuuren JJ, Campion GV, Kimpe
SJD, Van Deutekom JC: Systemic adminis-
tration of PRO051 in Duchenne’s muscular
dystrophy. New England Journal of Medicine
2011;364:1513-152.2..

Fredenberg MF, Malkinson FD: Sulfone
therapy in the treatment of leukocytoclastic
vasculitis. Report of three cases.] Am Acad
Dermatol 1987;16:772-778.

Flaim JD, GrundyJS, Baker BF, McGowan

5

5

5

6

6

6

6

S

=)

0

o

=

o

w

MP, Kastelein JJ: Changes in mipomersen
dosing regimen provide similar exposure
with improved tolerability in randomized pla-
cebo-controlled study of healthy volunteers. ]
Am Heart Assoc 2014;3:6000560.
McHutchison JG, Patel K, Pockros P, Nyberg
L, Pianko S, Yu RZ, Dorr FA, Kwoh TJ: A phase
Itrial of an antisense inhibitor of hepatitis
Cvirus (18IS 14803), administered to chronic
hepatitis C patients. ] Hepatol 2006;44:88-96.
Sewell KL, Geary RS, Baker BF, Glover JM,
Mant TG, Yu RZ, Tami JA, Dorr FA: Phase I
trial of 115 104838, a 2-methoxyethyl mod-
ified antisense oligonucleotide targeting
tumor necrosis factor-alpha. ] Pharmacol Exp
Ther 2002;303:1334-1343.

Visser ME, Akdim F, Tribble DL, Nederveen
AJ, Kwoh TJ, Kastelein JJP, Trip MD, Stroes
ESG: Effect of apolipoprotein-B synthesis
inhibition on liver triglyceride content in
patients with familial hypercholesterolemia.
Lipid Res 2010;51:1057-1062..

Selvey S, Raal FJ: Mipomersen, an Apolipo-
protein B Synthesis Inhibitor, Reduces LDL-C
in HoFH Pediatric Patientsi€ . Journal of
Clinical Lipidology 2014;8:330.

Raal FJ, Santos RD, Blom DJ, Marais AD, Char-
ng MJ, Cromwell WC, Lachmann RH, Gaudet
D, Tan]L, Chasan-Taber S, Tribble DL, Flaim
JD, Crooke ST: Mipomersen, an apolipopro-
tein B synthesis inhibitor, for lowering of LDL
cholesterol concentrations in patients with
homozygous familial hypercholesterolaemia:
arandomised, double-blind, placebo-con-
trolled trial. Lancet 2010;375:998-1006.

Santos RD, Duell PB, East C, Guyton JR, Mori-
arty PM, Chin W, Mittleman RS: Long-term
efficacy and safety of mipomersen in patients
with familial hypercholesterolaemia: 2-year
interim results of an open-label extension.
Eur Heart] 2013.

Akdim F, Tribble DL, Flaim JD, Yu R, Su]J,
Geary RS, Baker BF, Fuhr R, Wedel MK,
Kastelein JJ: Efficacy of apolipoprotein

B synthesis inhibition in subjects with
mild-to-moderate hyperlipidaemia. Eur Heart
] 2011;32:2650-2659.

64 Akdim F, Visser ME, Tribble DL, Baker

BF, Stroes ES, YuR, Flaim JD, SuJ, Stein

EA, Kastelein JJ: Effect of mipomersen, an
apolipoprotein B synthesis inhibitor, on
low-density lipoprotein cholesterol in patients
with familial hypercholesterolemia. AmJ
Cardiol 2010;105:1413-1419.

INJECTION SITE REACTIONS AFTER SUBCUTANEOUS OLIGONUCLEOTIDE THERAPY — CHAPTER 6




65

6

6

6

6

7

7

o

<N

%

0

(<]

=

Akdim F, Stroes ES, Sijbrands EJ, Tribble DL,
Trip MD, Jukema JW, FlaimJD, SuJ, YuR,
Baker BF, Wedel MK, Kastelein JJ: Efficacy
and safety of mipomersen, an antisense
inhibitor of apolipoprotein B, in hypercho-
lesterolemic subjects receiving stable statin
therapy. ] Am Coll Cardiol 2010;55:1611-1618.
Thomas GS, Cromwell WC, Ali S, Chin W,
Flaim JD, Davidson M: Mipomersen, an
apolipoprotein B synthesis inhibitor, reduces
atherogenic lipoproteins in patients with
severe hypercholesterolemia at high cardio-
vascular risk: a randomized, double-blind,
placebo-controlled trial. J Am Coll Cardiol
2013;62:2178-2184.

Cromwell WC, Thomas GS, Boltje I, Chin W,
Davidson M: Safety and efficacy of mipomers-
en administered as addon therapy in patients
with hypercholesterolemia and high cardio-
vascular risk+. Journal of Clinical Lipidology
2012;Conference: 2012 Annual Scientific
Sessions of the National Lipid Association
Scottsdale:May-June 2012.:-June.

Cromwell WC, Santos RD, Blom DJ, Marais
DA, Lachmann RH, Gaudet D, Tan JL,
Chasan-Taber S, Tribble DL, Flaim ], Raal FJ,
Charng MJ: Mipomersen, a First-in-Class
Apolipoprotein B Synthesis Inhibitor, Lowers
Lipoprotein (a) in Patients with Homozygous
Familial Hypercholesterolemia. Journal of
Clinical Lipidology 2010;4:221.

Stein EA, Dufour R, Gagne C, Gaudet D,

East C, Donovan JM, Chin W, Tribble DL,
McGowan M: Apolipoprotein B synthesis
inhibition with mipomersen in heterozygous
familial hypercholesterolemia: results of a
randomized, double-blind, placebo-controlled
trial to assess efficacy and safety as add-on
therapy in patients with coronary artery dis-
ease. Circulation 2012;126:2283-2292..
Tardif]J-C, Ceska R, Burgess L, Soran H,
Gouni-Berthold I, Wagener G, Chasan-Taber
S, McGowan M: Apolipoprotein B synthesis
inhibition by mipomersen reduces LDL-C
when added to maximally tolerated lipid-low-
ering medication in patients with severe
heterozygous hypercholesterolemia. Journal
of Clinical Lipidology 2011;Conference: 2011
Annual Scientific Sessions of the National
Lipid Association:May-June 2011.:-June.
Duell PB, Rose JE, Selvey S, Alam S, Mit-
tleman R: Long term efficacy and safety of
mipomersen during 4 years of treatmentin a
cohort of patients with heterozygous familial

7

7

2

3

74

7

7!

7

7

5

6

7

)

hypercholesterolemia and coronary artery
disease (cad. Journal of Clinical Lipidology
2013;Conference: 2013 Annual Scientific
Sessions of the National Lipid Association Las
Vegas:May-June 2013.:-June.

Tsimikas S, Witztum ], Catapano A: Effect

of mipomersen on lipoprotein(4) in patients
with hypercholesterolemia across four phase
iii studies. Journal of the American College

of Cardiology 2012;Conference: 61th Annual
Scientific Session of the American College

of Cardiology and iz Summit: Innovation in
Intervention:27 Mar 2012.

Visser ME, Wagener G, Baker BF, Geary RS,
Donovan JM, Beuers UHW, Nederveen AJ,
Verheij ], Trip MD, Basart DCG, Kastelein JJP,
Stroes ESG: Mipomersen, an apolipoprotein
B synthesis inhibitor, lowers low-density
lipoprotein cholesterol in high-risk sta-
tin-intolerant patients: a randomized,
double-blind, placebo-controlled trial. Eur
Heart] 2012;33:1142-1149.

Kastelein J], Wedel MK, Baker BF, Su ], Brad-
ley JD, Yu RZ, Chuang E, Graham M]J, Crooke
RM: Potent reduction of apolipoprotein B
and low-density lipoprotein cholesterol by
short-term administration of an antisense
inhibitor of apolipoprotein B. Circulation
2006;114:1729-1735.

Patel N, Hegele RA: Mipomersen as a potential
adjunctive therapy for hypercholesterolemia.
Expert Opin Pharmacother 2010;11:2569-2572.
McGowan MP, Tardif JC, Ceska R, Burgess

L], Soran H, Gouni-Berthold I, Wagener G,
Chasan-Taber S: Randomized, Placebo-Con-
trolled Trial of Mipomersen in Patients with
Severe Hypercholesterolemia Receiving
Maximally Tolerated Lipid-Lowering Therapy.
PLoS One 2012;7:1-10.

Goemans N, Voit T, McDonald C, Watson C,
KrausJ, Rolfe K, NakielnyJ, Jeter B, Wilson

R, Campion G: Drisapersen treatment for
Duchenne muscular dystrophy: Results of a
96-week follow-up of an open-label extension
study following two placebo-controlled trials.
Neurology 2014;Conference: 66th American
Academy of Neurology Annual Meeting:o8 Jul
2014.

Flanigan KM, Voit T, Rosales XQ, Servais L,
Kraus JE, Wardell C, Morgan A, Dorricott

S, NakielnyJ, Quarcoo N, Liefaard L, Drury

T, Campion G, Wright P: Pharmacokinetics
and safety of single doses of drisapersen

in non-ambulant subjects with Duchenne

ANTI SENSE AND SENSIBILITY — RENAL AND SKIN EFFECTS OF (ANTISENSE) OLIGONUCLEOTIDES

7

80

8

8

8

8

8

8

9

=

Y

w

4

5

o

muscular dystrophy: Results of a double-blind
randomized clinical trial. Neuromuscular
Disorders 2014;24:16-24.

Goemans N, Tulinius M, Wilson R, Wardell C,
Bedwell P, Campion G: G.P.113: Drisapersen
(DRIS) treatment for Duchenne muscular
dystrophy (DMD): Results of up to 188 weeks-
GCO follow-up of an open-label extension
study. Neuromuscular Disorders 2014;24:829.
Van Deutekom JC, Janson AA, Ginjaar IB,
Frankhuizen WS, Aartsma-Rus A, Brem-
mer-Bout M, Den Dunnen JT, Koop K, Van
Der Kooi A], Goemans NM, De Kimpe S]J,
Ekhart PF, Venneker EH, Platenburg GJ,
Verschuuren JJ, Van OGJ: Local dystrophin
restoration with antisense oligonucleotide
PROos51. New England Journal of Medicine
2007;357:2677-2686.

Voit T, Topaloglu H, Straub V, Muntoni F,
Deconinck N, Campion G, De Kimpe S], Eagle
M, Guglieri M, Hood S, Liefaard L, Lourbakos
A, Morgan A, Nakielny J, Quarcoo N, Ricotti
V, Rolfe K, Servais L, Wardell C, Wilson R,
Wright P, Kraus JE: Safety and efficacy of
drisapersen for the treatment of Duchenne
muscular dystrophy (DEMAND 11): an explor-
atory, randomised, placebo-controlled phase
2 study. Lancet Neurol 2014;13:987-996.

Switaj T, Lasek W: Technology evaluation:
HYB-2055, Hybridon. Current Opinion in
Molecular Therapeutics 2005;7:376-383.
Hwang]J, Park A, Amin A, Martin RR, Sullivan
T, Burns T, Agrawal M, Waxdal MJ, Malik S,
Marshall JL: A phase I study of HYB2055 in
patients (pts) with advanced solid malignan-
cies; 2004.

Idera Pharmaceuticals Presents Phase 1 Clin-
ical Data for IMO-3100, Lead Candidate for
the Treatment of Autoimmune Diseases, and
Provides Program Update: Idera Pharmaceu-
ticals, Inc., 2010.

Kim YH, Girardi M, Duvic M, Kuzel T, Link
BK, Pinter-Brown L, Rook AH: Phase I trial of
aToll-like receptor 9 agonist, PF-3512676 (CPG
7909), in patients with treatment-refractory,
cutaneous T-cell lymphoma. ] Am Acad Der-
matol 2010;63:975-983.

Krieg AM, Efler SM, Wittpoth M, Al Adhami
MJ, Davis HL: Induction of systemic TH1-
like innate immunity in normal volunteers
following subcutaneous but not intravenous
administration of CPG 7909, a synthetic
B-class cpG oligodeoxynucleotide TLR9 ago-
nist. ] Immunother 2004;27:460-471.

9

9

87 Pashenkov M, Goess G, Wagner C, Hormann
M, JandI T, Moser A, Britten CM, Smolle ],
Koller S, Mauch C, Tantcheva-Poor I, Grabbe
S, Loquai C, Esser S, Franckson T, Schnee-
berger A, Haarmann C, Krieg AM, Stingl
G, Wagner SN: Phase 11 Trial of a Toll-Like
Receptor 9-Activating Oligonucleotide in
Patients With Metastatic Melanoma. J Clin
Oncol 2006;24:5716-5724.

88 Thompson JA, Kuzel T, Drucker BJ, Urba
W], Bukowski RM: Safety and efficacy of
PF-3512676 for the treatment of stage IV renal
cell carcinoma: an open-label, multicenter
phase 1/11 study. Clin Genitourin Cancer
2009;7:E58-E65.

89 ZentCS, Smith BJ, Ballas ZK, Wooldridge
JE, Link BK, Call TG, Shanafelt TD, Bowen
DA, Kay NE, Witzig TE, Weiner GJ: Phase I
clinical trial of cpG oligonucleotide 7909 (PF-
03512676) in patients with previously treated
chronic lymphocytic leukemia. Leukemia &
Lymphoma 2012;53:211-217.

90 McHutchison JG, Bacon BR, Gordon SC,

Afdhal NH, Jacobson IM, Muir 4, Krieg AM,
Efler S, AIAM, Davis HL, Schmalbach TK:
Human pharmacologic activity of a new TLR9
agonist antiviral, CPG 10101 (ACTILON). Hepa-
tology 2004;40:697A.

McHutchison JG, Bacon BR, Gordon

SC, Lawitz E, Shiffman M, Afdhal NH,
Jacobson IM, Muir A, Al-Adhami M, Morris
ML, Lekstrom-Himes JA, Efler SM, Davis

HL: Phase 1B, randomized, double-blind,
dose-escalation trial of CPG 10101 in patients
with chronic hepatitis C virus. Hepatology
2007;46:1341-1349.

=

92 Vicari AP, Schmalbach T, Lekstrom-Himes

], Morris ML, Al-Adhami MJ, Laframboise C,
Leese P, Krieg AM, Efler SM, Davis HL: Safety,
pharmacokinetics and immune effects in
normal volunteers of CPG 10101 (ACTILON),
an investigational synthetic toll-like receptor
9 agonist. Antivir Ther 2007;12:741-751.

Balak DMW, van Doorn MBA, Rissmann R,
Sullivan T, Burggraaf], Arbeit RD: Results
from a randomized, double-blind, place-
bo-controlled, monotherapy trial of IMO-8400
demonstrate clinical proof-of-concept for
Toll-like receptor 7, 8 and 9 antagonism in
psoriasis ; AAD 2015 San Fransisco, 2015.

W

94 Graham M], Lee RG, Bell TA, Fu W, Mullick AE,

Alexander V], Singleton W, Viney N, Geary R,
Su], Baker BF, Burkey ], Crooke ST, Crooke
RM: Antisense oligonucleotide inhibition

INJECTION SITE REACTIONS AFTER SUBCUTANEOUS OLIGONUCLEOTIDE THERAPY — CHAPTER 6




of apolipoprotein c-111 reduces plasma tri-
glycerides in rodents, nonhuman primates,
and humans. Circ Res 2013;112:1479-1490.

95 Gaudet D, Brisson D, Tremblay K, Alexander
V], Singleton W, Hughes SG, Geary RS,

Baker BF, Graham MJ, Crooke RM, Witz-
tum JL: Targeting APOC3 in the familial
chylomicronemia syndrome. N Engl] Med
2014;371:2200-22.06.

96 LiuQ, Bethune C, Dessouki E, GrundyJ, Monia
BP, Bhanot S: 1sIS-FXIRX, A novel and specific
antisense inhibitor of factor x1, caused signif-
icant reduction in FXI antigen and activity
and increased aPTT without causing bleeding
in healthy volunteers. Blood 2011;Conference:
53rd Annual Meeting of the American Society
of Hematology:18 Nov 2011.

97 Buller HR, Bethune C, Bhanot S, Gailani D,
Monia BP, Raskob GE, Segers A, Verhamme
P, Weitz JI: Factor X1 Antisense Oligonucle-
otide for Prevention of Venous Thrombosis.
N Engl] Med 2015;372:232-240.

98 LimmrothV, Barkhof F, Desem N, Diamond
MP, Tachas G: cp49d antisense drug
ATL1102 reduces disease activity in patients
with relapsing-remitting MS. Neurology
2014;83:1780-1788.

99 Reesink HW, Janssen HLA, Zeuzem S, Lawitz
E, Rodriguez-Torres M, Patel K, Chen
A, Davis C, King B, Levin A, Hodges MR:

Final results-randomized, double-blind,
placebo-controlled safety, anti-viral
proof-of-concept study of miravirsen,

an oligonucleotide targeting MIR-122, in
treatment-naive patients with genotype 1
chronic Hcv infection. Journal of Hepatology
2012;Conference: 47th Annual Meeting of the
European Association for the Study of the
Liver:April 2012.

100 Janssen HLA, Reesink HW, Lawitz E]J,

Zeuzem S, Rodriguez-Torres M, Patel K,

Van Der Meer AJ, Patick AK, Chen A, Zhou Y,

Persson R, King BD, Kauppinen S, Levin AA,

Hodges MR: Treatment of HCV infection by

targeting microRNA. New England Journal of

Medicine 2013;368:1685-1694.

Viney N, Hughes SG, Singleton W, Crooke

RM, Graham M], SuJ, Tsimikas S, Witztum

JL, Marcovina SM: 118 APO(a)Rx, an anti-

sense inhibitor to apolipoprotein(a), reduces

plasma levels of Lp(a) and oxidized phospho-
lipids/apoB-100 in healthy volunteers. Eur

Heart ] 2014;Conference: European Society of

Cardiology:o1 Sep 2014.

10:

=

102 Geary RS, Bradley JD, Watanabe T, Kwon Y,
Wedel M, Van Lier JJ, VanVliet AA: Lack of
pharmacokinetic interaction for IsIs 113715,
a2’-0- methoxyethyl modified antisense
oligonucleotide targeting protein tyrosine
phosphatase 1B messenger RNA, with
oral antidiabetic compounds metformin,
glipizide or rosiglitazone. Clinical Pharmaco-
kinetics 2006;45:789-801.

103 Brandt TA, Crooke ST, Ackermann EJ, Xia S,
Morgan ES, Liu Q, Geary RS, Bhanot S: Isis
113715, a novel PTP-1B antisense inhibitor,
improves glycemic control and dyslipidemia
and increases adiponectin levels in T2DM
subjects uncontrolled on stable sulfonylurea
therapy. Diabetes 2010;Conference: 70th
Scientific Sessions of the American Diabetes
Association Orlando:2010.

104 Integrity Database: Thomson Reuters, 2015.

105 ATL1103 Phase 11 Trial - Successful Efficacy
Results: PRNewswire, 2014.

106 Isis Pharmaceuticals Reports Final Phase 2
Data on ISIS-GCCR RX: Isis Pharmaceuticals,
Inc, 2014.

ANTI SENSE AND SENSIBILITY — RENAL AND SKIN EFFECTS OF (ANTISENSE) OLIGONUCLEOTIDES

Figure1 Thedifferentmodesofactions for therapeutic oligonucleotides. A. activation or inhibition
of the target protein to induce or inhibitimmune activation B. exon skipping to induce alternative
splicing. c. inhibition of mRNA with antisense oN, inhibits production of the protein.
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Figure2 All21sc administered oNsresulted in 1sRs. Incidence ranged from 22 to 100%. For 4 ONs no
incidence numbers were reported, namely ISISAPO(A)RX, ISIS113715, ATL-03 and ISISGCGR-RX.

For oNs that were studies at different dose levels and/or multiple trials, an average ISR occurrence
was calculated.
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Figure3 Dose-dependent occurrence of 1srs after administration of four different oNs. Higher dose Table1 Listing of clinically tested oligonucleotides. PHON = Phosphorothioate Oligonucleotide,

levels resultin increased incidence of ISrs up to 100% at the highest dose level. The dose levels tested LNA =locked nucleid acid structure, 2MOE = 2’-O-MOE structure, 5SMcs = 5-methyl-cytosine
for 151532566 and Mipomersen [10] were placebo (0), 50, 100, 200 and 400 mg. For IM0-8400 dose levels substitution, cpG = Cytosine triphosphate deoxynucleotide-Guanine triphosphate deoxynucleotide
were: placebo (0), 0.075, 0.15, 0.3 and 0.6 mg/kg, and for oN_cHDR2 dose levels were placebo (0), 0.5,1.5
andsm L L. 5
smgfkg Name Structure Length MOA Indication N* Ref. ISR%
ISR INCIDENCE AT DIFFERENT DOSE LEVELS 1SIS 14803 phoN 20units  Inhibits HCVRNA  Chronic HCV 1 (19 100
5MCS synthesis Infection
oo - . . 1S1S 104838  PhON, 20units  Inhibits TNFou Rheumatoid 1 (56) 100
/ / 2MOE arthritis, Crohn’s
| . disease and psoriasis
© Mipomersen PhoON, 20units  apoB synthesis Hyper- 19 (13;55; 91.2
= F 2MOE inhibitor cholesterolemia 57-73)
5MCS
Drisapersen PhON, 20units InducesExons51  Duchenne’s 6  (54; 85.5
= 2MOE skippinginbMD  Muscular Dystrophy 74-78)
§ 50 1818325568 phoN, 20units  Inhibits Gccr Diabetes 1 (79 85
2MOE Mellitus Type 2
HYB 2055 NR** NR Activates TLR 9 Cancer 1 (80;81) 81.3
25 IMO-3100 phoN 18units  Inhibits TLR 7,9 Psoriasis 1 (82) 65
activation
PF 3512676 phoN, 24 units  Activates TLR 9 As adjuvant 5 (83-87) 763
‘ ‘ | CpG of vaccination/
%5 N 2 3 4 chemotherapy
Dose Level CPpG 10101 phoN, 22.units  Activates TLR 9 Hepatitis C (HCV) 3 (88-90) 74.5
— @ — 1515325566 — V — Mipomersen —[J— oN_cHDR4 — O — ON_CHDR2 CpG Infection
ON_CHDR2  PhON, 14units  undisclosed undisclosed - - 72.2.
LNA
For figure4, 5,6: see inside cover. IMO-8400 phoN, 18units InhibitsTLR7,8,9 Psoriasis 1 (91) 61.5
2MOE activation
1S18304801 phoN, 20units  Inhibits Apolipo-  Dyslipidemia 1 (9% 52
2MOE protein C-111 93)
ON_CHDR1  PhoON, 12units  undisclosed undisclosed - - 42.7
2MOE
ISISFIXRX phoN, 20units Reduceshuman  Prevention of 2 (94;95) 33.3
(Isis416858) 2MOE factor X1 thrombosis
ATL1102 phoN, 20units  Inhibits cp49d Relapsing-remitting 1 (96) 25
2MOE multiple sclerosis
ISIS 2302 phoN 20units  Inhibits ICAM-1 Crohn’s Disease 1 (16) 23.3
expression
Miravirsen  PhON, 15units InhibitsmiR-122  HcV Infection 2 (97;98) 22.2
LNA
1SISApo(a)  NR NR Inhibits apolipo-  Coronary Artery 1 (99) NR
RX protein (a) protein Disease
1S1S113715 phoN, 20units  Inhibits PTP-1B Diabetes Mellitus 2 (100; NR
2MOE protein Type 2 101)
ATL-03 phoN, 20units  Inhibits GHR Acromegaly 1 (12 NR
2MOE Expression 102)
ISISGCCR-RX Not NR Inhibits Gccr Diabetes Mellitus 1 (103) NR
reported Type2

* # Number of Studies found in literature ** Not Reported
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Table2 Anexample ofanisr grading system to score the severity used for PF3512676 [11]

Grade1 mild (does not interfere with daily life)

Grade2 moderate (interferes with daily life but no dose modification)
Grade3 severe (requires dose modification)

Grade4 disabling (requires drug discontinuation)

Table3 Suggested uniform standardized 1SR scoring system. ADL = ‘Activities of Daily Living’ and
are defined as bathing, dressing and undressing, feeding self, using the toilet, taking medications,

preparing meals, shopping for groceries or clothes, using the telephone etc.

o= 1= 2= 3=

No Mild Moderate Severe and undesirable
Injection None  Erythema As1and Pain or Swelling  Ulceration or necrosis
site oR Tenderness OR Signs of inflammation
reaction OR Itching
Maximal NA Max 5 cm Max 10 cm Max 15 cm OR any diame-
diameter ter and systemic reaction
ISR oR flare up previous IS
Durationof <iday 2-14days 2-6 weeks, reversible Permanent
symptoms
Sequelae None Minimalandtolerat- Hardlytolerated oRwish ~ Permanent despite

ed by patient for treatment by patient  treatment
OR no treatment options

Likely None Injectionsitecanbe  Injection site should be Injection site cannot be
impact on used in rotation AND  avoided in rotation orR used anymore
nextdose no dose adaptation change dose regimen oR discontinuation
ADL None  Minimal Functional Self-care limitations
limitations

ANTI SENSE AND SENSIBILITY — RENAL AND SKIN EFFECTS OF (ANTISENSE) OLIGONUCLEOTIDES

DISCUSSION AND
SUMMARY




Introduction

This thesis describes the clinical testing of the antisense oligonucle-
otide 1s1s 388626. Oligonucleotides (ONs) are fragments of 12-24 nucleic
acids in a target-specific sequence [1]. The sequences of antisense ONs
are complementary to part of the mrNA of the targeted protein. The oN
binds to the mRrNa4, prohibits mRNA translation and thereby inhibiting
the formation of the targeted protein. The concept of antisense ONs is
very promising as it allows highly specific inhibition of any target for
which the mrNA sequence is established. 1515 388626 is complementary
to a region of the mRNA of the SGLT2 protein. SGLT2 is a transporter that
enables glucose reabsorption in the kidney and inhibition of this trans-
porter is avalidated strategy in the treatment of type 2 diabetes [2-4].

PRECLINICAL DATA

In preclinical studies, ranging from 6 weeks to 6 months in duration,
weekly subcutaneous (sc) injection of 1515 388626 showed to be an effec-
tive and safe treatment [5;6]. In normoglycemic animals the reduction
in SGLT2 mRNA expression of > 80% that occurred at doses of 1-3 mg/
kg weekly for 13 weeks translated into effective glucosuria (at 3 mg/kg a
60-fold increase in mice and 7-fold increase in monkeys in urine glucose
creatinine ratio) [5]. In none of the animal models, signs of toxicity of 1s1s
388626 were observed. 151s 388626 demonstrated a specific and selective
renal distribution [7] and no indications for long term changes of general
kidney function were noted in studies up to 6 months in duration [5].

TRANSLATION TO THE CLINIC

The effects of treatment with 1515 388626 were explored clinical studies
in the dose range of 50-200mg. The chosen doses were based on a min-
imal anticipated biological effect level (MABEL) approach. In preclinical
studies across multiple species, the pharmacologically active dose range
of 1515 388626 was 1-30 mg/kg/week. At this exposure, a significant reduc-
tion in SGLT2 MRNA occurred (74 to 97% in mice and approximately 30 to
90% in monkeys over the dose range 1-30 mg/kg/week), accompanied by
a 25-200 fold increase in urinary glucose excretion [5-7]. Based on this,
estimation of the equivalent human effective dose falls in the range of
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1-3 mg/kg/week. The No Adverse Effect Level (NOAEL) was estimated to
be 10 mg/kg/week in monkeys. The safety of the 1-3 dose range was fur-
ther supported by previous experience with 2’-MOE-modified antisense
oligonucleotides [8-10]. Multiple clinical studies showed that these com-
pounds could be safely administered (intravenously and subcutaneously)
at dose levels up to weekly 750 mg (which translates into 10.7 mg/kg/
week assuming an average weight of 70 kg), with treatment durations
exceeding one year [8-11]. Pharmacokinetic data from preclinical studies
showed that a loading dose regimen of 3 doses in the first week ensured
rapid achievement of steady state tissue concentrations, therefore in
the MAD part of the study this regimen was also applied, followed by a
maintenance schedule of weekly dosing for 5 weeks. The results from the
preclinical experiments with 1515 388626 are summarized in table 1.

TRIAL DESIGN

The initial study design consisted of a double-blind, randomized, place-
bo-controlled study, starting with a single ascending dose (saD) study, in
which sixteen subjects were assigned a single dose in a 3:1 ratio (50, 100,
200 Or 400 mg 181S 388626 or placebo), followed by a multiple ascending
dose (MaD) study, in which subjects were planned to be enrolled in a 12:3
ratio (50, 100, 200 or 400 mg ISIS 388626 or placebo). In the MAD study, the
dose levels exceeding 50 mg, the intended pharmacodynamic effects of
1S1s 388626 (inhibition of renal urinary glucose reabsorption and lower-
ing of plasma glucose concentrations) were to be estimated by evaluation
of glucose handling after an oral glucose tolerance test (0GTT), performed
before the first administration of 1S1s 388626/placebo and at Week 6.
Safety profile was to be continually monitored by weekly evaluation of
blinded clinical laboratory assessments and adverse events throughout
the cohort. Before escalating the dose the safety profile of the preceding
cohort had to be evaluated and considered acceptable.

FIRST CLINICAL STUDY: UNEXPECTED FINDINGS

The first study started with a single ascending dose study, which was
completed without safety problems. However, the following 6 week mul-
tiple ascending dose part was halted early because increases in serum
creatinine occurred in the subjects participating in the 100 mg multiple
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dose cohort. Evaluation of the pharmacodynamic effect was limited due
to the small exposure in this study, but there was an indication that glu-
cosuria increased upon active treatment. The pronounced changes in
serum creatinine were accompanied by increased urinary excretion of
beta-2-Microglobulin (B2M) and K1M1. These findings were unexpected as
experiments in animals treated with 1s1s 388626 with safety assessments
at 6 and 13 weeks had not shown such results. As the possible mechanisms
for the changes in serum creatinine were unknown, it was felt more pre-
clinical data were needed to justify further clinical investigations.
Therefore bio-banked samples collected earlier than 6 weeks of the
previously performed pre-clinical experiments were analyzed. This
showed that in animals treated with a loading dose similar transient
increases in serum creatinine and urinary excretion of B2M and protein
had occurred. Thus, the apparent discrepancy of renal effects of 1sis
388626 treatment between rodent and monkeys on the one hand and
humans on the other hand could be explained by the suboptimal timing of
the initial assessments [5;7;12]. This prompted a further dedicated exper-
iment in monkeys in which it was explored whether the renal effects by
1SIS 388626 were related to the loading dose. Animals were dosed for 13
weeks with either 30 mg/kg every other day or a single dose in the first
week, followed by weekly dosing for another 12 weeks. This experiment
showed that changes in renal markers in monkeys occurred only with the
loading dose regimen. Importantly, in this study it was also shown that
abandoning the loading dose did not impair the primary pharmacody-
namic effect, as glucosuria still occurred, although onset was delayed.

SECOND CLINICAL STUDY: NO IMPAIRED RENAL FUNCTION

Based on the clinical findings and the new animal data, clinical studies
were restarted with the aim to investigate the effects of sc doses of 50, 100
and 200 mg 1515 388626, administered without aloading dose as 13 weekly
injections. However, omitting the loading dose did not prevent increases
in renal markers in humans. Treatment with 50 mg 1515 388626 induced
serum creatinine increases and increases in urinary renal markers. These
changes prohibited dose escalation to the 100 mg dose and further explo-
rations were done to investigate whether the transient increases in renal
markers in humans could be explained by functional changes in renal
blood flow and/or glomerular filtration rate. A new cohort of volunteers
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was treated at the 50 mg dose level to explore if the observed transient
increases in renal damage markers coincided with functional renal
changes. This was assessed with renal clearance tests to evaluate the
impact of 1S1s 388626 on GFR and renal plasma flow. Weekly 1515 388626
treatment at a dose level of 50 mg for 13 weeks increased average serum
creatinine (with 0.15 mg/dl) and renal damage markers. The changes
were relatively mild and fully reversible upon cessation of dosing. The
renal clearance test revealed no indications for impairment of glomer-
ular filtration or renal perfusion. No increase in renal glucose excretion
was observed at the 5o mg dose level, as was expected based on preclinical
data. To induce the intended pharmacological activity, a higher level of
drug exposure was required. Exploration of higher 1515 388626 dose levels
in healthy volunteers was considered acceptable using a careful approach
with close monitoring of renal function and damage markers.

THIRD CLINICAL STUDY: INTENDED PHARMACOLOGICAL ACTIVITY
OR TUBULAR DYSFUNCTION?

In the continuation of the clinical evaluation of 1515 388626, repeated doses
of 100 and 200 mg were applied. 1s1s 388626 induced glucosuria in these
studies, with a dose dependent increase in average 24 hour urinary glu-
cose excretion (average increase of 508.9 and 1299.8 mg/day, in the 100 and
200 mg groups respectively, comparing baseline values with end of treat-
ment). As the average amount of glucose that is filtered and reabsorbed
amounts to approximately 144 grams per day (800 mmol/day [13]) and the
average inhibition of glucose reabsorption that we observed amounted to
only 0.8 % for the 200 mg dose regimen, it appears that the intended effect
is very small indeed. The observed level of urinary glucose excretion is
significantly higher upon treatment with small molecule compounds that
target SGLT2, which have been reported to induce urinary glucose excre-
tion in the range of 60-70 g/day [14-17]. This robust glucosuria results in
an effective glucose-lowering therapy and has led to the registration and
approval of a number of small molecule sGLT2 inhibitors [2-4]. In patients
with type 2 diabetes addition of an sGLT2 inhibitor to standard therapy
resulted in lower risk for cardiovascular events and death [18].

Kidney biomarkers further increased at the 100 and 200 mg dose lev-
els. Maximal average changes in serum creatinine of 0.28 + 0.11and 0.38 +
0.09 mg/dl occurred in for 100 and 200 mg respectively (versus 0.15 +0.06
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mg/dl after 50 mg). Urinary renal markers of tubular damage, such as
B2M, protein and KIM1, increased in parallel in a significant and dose-de-
pendent manner. The only other 1515 388626 related adverse events were
mild injection site reaction (ISRs), occurring in 8-19% of the subjects.
Interestingly, an effect on renal function is also reported for small mol-
ecule SGLT2 inhibitors [19], suggesting a target-related effect. However,
this effect consists solely of a small decline in eGFR and is considered to
be secondary to the mild reduction in intravascular volume as a result of
the natriuresis that accompanies the glucosuria, although it cannot be
excluded that this effect is also caused by diminished tubular secretion
of creatinine. However these effects in small molecule sGLT2 inhibitors
were mild, not accompanied by increases in other renal markers and
coincided with a strong pharmacodynamic effect, therefore this observa-
tion shows little similarity to the 1515 388626-induced effect. Nonetheless,
it cannot be excluded that natriuresis adds to the creatinine increase
observed with 1s1s 388626. Similarity to the effects of small molecule
sGLT2 inhibitors on glucose homeostasis is further supported by the sig-
nificantincreases in insulin and C-peptide levels (after oGTT) observed in
ISIS 388626 treated subjects, suggesting increased endogenous glucose
production, as also observed for dapagliflozin and empagliflozin [20-23].
The low-grade glucosuria, thatis considered a pharmacological effect,
could also be (partly) caused by tubular dysfunction. The adverse renal
effects were unexpected. For some oligonucleotide compounds effects
on the kidney have been described [24-26] and in one case an oligonucle-
otide has caused acute tubular necrosis in a healthy volunteer, however,
several others have no renal effects [11;27;28]. The available data to date
are too limited to draw conclusions on the relationship between renal
adverse effects and compound specific factors, such as size or chemistry.
We suggest that comprehensive screening for renal effects using tubular
damage markers and functional tests is performed whenever oligonu-
cleotides are administered systemically as animal experiments clearly
cannot produce certainty about the absence of these effects in humans.
As the glucosuria observed upon IsIs treatment was minimal, and
was accompanied by adaptations of or injury to renal cells due to unclar-
ified mechanisms, the therapeutic window of 1S1s 388626 is narrow. It is
possible that subjects with type 2 diabetes mellitus (with higher sGLT2
expression and greater renal filtered glucose load) could benefit more
from 1s1s 388626 compared to the healthy volunteers investigated in
these studies. However, the mechanisms underlying the transient renal
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dysfunction warrant more detailed exploration before 1515 388626 could
be considered for further clinical development.

MONITORING RENAL EFFECTS

The clinical testing of 1515 388626 resulted in unexpected effects on mark-
ers for kidney injury. In preclinical studies, including studies in multiple
animal species, no signal was initially detected. This illustrates that mon-
itoring renal function in first in human studies is of great importance,
particularly because only 40-60% of animal findings are predictive of tox-
icities in humans [29]. Generally accepted and routine biomarkers such
as serum creatinine and BUN are often used. However they lack sensitiv-
ity and early injury responses may be missed [29]. In the relatively long
term dosing regimen tested for 1515 388626 (13 weeks), a clear response of
serum creatinine was detected and led to adaptation of the study design
and also allowed decisions about dose-escalation. Other potentially use-
ful kidney biomarkers that can be used in clinical trials include kim1,
B2M, aGST and NAG. These urinary biomarkers may outperform serum
creatinine, as illustrated by a case of acute tubular necrosis after treat-
ment with an antisense oligonucleotide [26]; KIM1 increases obviously
precede serum creatinine increases. However, to catch these early chang-
es frequent urine sampling is required as well as rapid analysis of the
samples. The biomarkers KIM1, B2M, aGST and NAG were assessed during
the clinical investigations with 1515 388626 and K1M1 and B2M correlated
closely with serum creatinine responses. The markers were not included
to create opportunity for early intervention, but were analyzed in a batch
at the end of the cohort and were included to gain maximal insight in the
nature of the observed effect on serum creatinine.

A serious limitation of novel renal biomarkers is the lack of their val-
idation for clinical use. Due to limited or contradictive information on
their clinical performance, choosing the most appropriate biomarker
is challenging. Also, when data is obtained, interpretation is complicat-
ed by uncertainty on normal ranges and normal variability. It would be
helpful if more data on clinical performance and large validation studies
on novel biomarkers would be publicly available, to be able to confirm
superiority over the more classical choices of serum creatinine and BUN.
Also measurement of the markers should become more readily available
and lower in cost. The ideal renal biomarker, does not seem to exist or
is not yet identified. Nonetheless, some have promising qualities. An
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example is k1M1, which suits different purposes and thus often seems to
be a right choice. And the field of renal biomarkers is evolving and even
newer biomarkers such as TIMP2 and microrRNAs appear to outperform
the biomarkers currently used [30;31]. A marker specific for glomerular
injury is yet to be identified, as this is currently lacking. As glomerular
involvement often leads to irreversible damage early identification of this
type of kidney injury would be of added value.

INJECTION SITE REACTIONS AFTER OLIGONUCLEOTIDE THERAPY

As mentioned, the subcutaneous (sc) injection of 1s1s 388626 induced
Injection site reactions (ISRs) in a subset of subjects. At this moment, no
oligonucleotides (ONs) are available that are completely devoid of 1sRs.
Although all oNs that are administered sc result in 1SRs, incidence and
severity of the observed reactions vary between different oNs. From the
relevant literature as well as experience within CHDR, it can be conclud-
ed that dose level plays an important role. Higher doses probably result
in higher local exposure and more intense reactions. Low-grade ISRs
usually consists of erythema and discomfort, but may also progress into
more severe manifestations such as induration, ulceration and necrosis.
ISRs appear to be common, but are poorly described in literature. The
pathophysiology of 1sRs remains unclear at his point. Immunological
activation is likely to involve recognition of the compounds by innate
immune receptors such as TLRs and possibly complement activation.
Overcoming the problem of 1srRs might add greatly to the potential
success of sc administered oNs. Knowledge on these skin reactions in
specific and immunostimulatory properties of ONs in general should be
increased. Thorough investigation of biopsies from skin lesions after
oN therapy with dedicated immunohistochemical staining may shed
light on the exact immunological mechanisms involved. Also, to increase
knowledge on 15Rs, the study design of clinical trials with sc ons, should
include systematic reporting of skin reactions, including photography,
scoring of the lesions and proper follow-up.

FUTURE PERSPECTIVES

The favorable preclinical profile of 1s1s 388626 combined with the upcom-
ing target of sGLT2 inhibition to treat diabetes, rendered 1s1s 388626 a
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promising drug candidate. Small molecule sGLT2 inhibitors are prom-
ising agents that are already implemented in the treatment of diabetes.
The latter are known to have a limitation of inhibition of less than 50% of
the filtered glucose load. This limitation is hypothesized to result from
a compensatory increased SGLT1 activity, when SGLT2 is completely
blocked. It remains unknown if the maximal pharmacodynamic effect of
antisense inhibition of sGLT2 would exceed the maximal effect of sGLT2
inhibition using small molecule compounds. However, the unexpected
and incompletely understood effects on the kidney of 1s1s 388626, makes
further augmentation of the dose unacceptable from a safety perspective.
Therefore clinical development of the compound was stopped before a
robust pharmacodynamic effect was achieved.

In general antisense oligonucleotides are an attractive class of com-
pounds. The compounds are ‘custom-made’, highly selective to the
specific target, creating inhibition on a whole different level by inter-
fering with the synthesis of the target protein. However, the promise of
many drug candidates tested clinically has not rendered many success-
es. Currently the only approved oligonucleotide is mipomersen used
to treat homozygous familial hypercholesterolemia. There are several
important challenges to overcome in order to move towards broader
implementation of oligonucleotide treatment in clinical practice. Some
of these challenges are illustrated in this thesis. Accumulation of the
oligonucleotides seems to play an important role in both the renal and
cutaneous effects of oligonucleotides. Alternative delivery systems are
being investigated. Avoiding 1sRs for example could be achieved by oral
administration of ONs a concept that is currently being investigated [32].
Renal accumulation is known to be dependent on chemistry [5;33;34],
therefore this should be taken into account in future studies with ONs.
Strategies to avoid accumulation of ONs also include modification of the
distribution properties using oligonucleotide conjugates, such as pep-
tides, proteins, carbohydrates, aptamers and small molecules [35]. The
thin line between accumulation of oligonucleotide needed for the effect
and the accumulation that induces toxicity should be further explored.
Preclinical and early clinical studies should focus on increasing knowl-
edge on how to avoid unintended effects. This has the potential to lead to
oNs with a better profile, more suitable for chronic use and applicable for
broader patient populations.
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Table1 Summary of the results of preclinical experiments with 1s1s 388626
Study Description Model Route  Regimen dose pD effect pD effect Other PD Cmax Hypo- 1SR Specific Toxicity
NR (mg/kg) MNRA Urine glucose (ug/mL) glyce-
reduction(%) increase mia
APKO1  Pharmacokinetics, Distribu- Rats sc Single Dose 3and 10 3 NO NO
tion,Metabolism Excretion
and MassBalance of Radio-
activity Study inRats
4-Week Study in Mice cD-1 Mice sc Weekly 30 NO NO
asoz  13-Week Toxicity Study of cD-1 Mice sc week 1:3 0 no effect no effect NO No 10and30mg/kg: kidneyand
Mice wk, week 2-13: 1 1 75% 14X spleen weightincreased
wk 3 88% 30X 1.52 30mg/kg: 1.3-1.6 fold increase
10 87% 63% 7.14 of ALT and AST
30 94% 125X
12-Week study in Rats Sprague- sc 0.8 80% >50X NO NO
Dawley Rats 3.2
16-Week Study in Mouse- db/dbMice  sc Weekly 2 88% 36% blood glucose NO NO
Model of Diabetes reduction
43% Hba1c
reduction
26-Week Study in Rat-Model ~ Zucker sC 1.6 85% 50% blood glucose NO NO
ofDiabetes Diabetic reduction
Fatty Rats 40% HbA1C
reduction
Aso3  13-Week Toxicity Study Cynomolgus- sc week1: 3 0 no effect no effect NO No 10and30mg/kg: atday 14
inMonkeys Monkey wk, week 2-13: 1 1 42% no effect 0.6 creatincrease of 15% and 40%,
wk 3 65% 6x 5.66 respectively.
10 70% 16X 20.6 No pathology findings.
30 75% 90X 44.6
6-Week Pharmacodynamic- Cynomolgus- sc week 1: 3/wk, week 2-6: 1 2 66% no effect NO NO
Evaluation Monkeys Monkey wk 24 85% >100X
Aso6  8-Week Repeated Dose Phar- Beagle Dogs  sc Daily 0.5 0.42 NO NO
macokinetic and Pharmaco- oral Daily 25
dynamic Evaluation in Dogs oral Daily 100
sC week 1: 3/wk, week 2-8: 1/wk o
sC week 1: 3/wk, week 2-8: 1/wk 30 27.6
6.5-Week Pharmaco- Beagle Dogs  sc Weekly 1 85% 7.5% NO NO
dynamicEvaluation in Dogs 10 95% >250X
Aso9  8-Week Study to Assess Cynomolgus- sc wk 1: 3/wk, 0 30 mg/kg with loading dose:
RenalFunction in Monkeys ~ Monkey wk 2-13: 1/wk 10 1.44% increase creat, and B2M
Weekly 30 increase 15 fold
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2. Pathology findings: tubular
nephropathy at week 2in 3/4
animals

30 mg/kg without loading
dose: no significant findings
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In dit proefschrift worden de eerste experimenten in mensen beschreven
met een nieuw kandidaat-geneesmiddel, 1s1s 388626. Deze experimen-
ten hebben tot doel om te onderzoeken of 1s1s 388626 veilig aan mensen
kan worden gegeven en de beoogde werking heeft. 1S1S 388626 is een
antisense oligonucleotide. De werking van traditionele geneesmiddelen
berust veelal op remming of stimulatie van bepaalde eiwitten, waar-
door de functie ervan wordt beinvloed. Het werkingsmechanisme van
antisense oligonucleotiden is anders, aangezien het de aanmaak van
het gehele eiwit tracht te voorkomen. Antisense oligonucleotiden zijn
opgebouwd uit een reeks van 12 tot 24 nucleine zuren, die precies past
aan een deel van het MRNA van een eiwit, bijvoorbeeld een enzym, trans-
porteiwit of receptor [1]. Door te binden aan het MRNA, kan de translatie
niet plaatsvinden en wordt het eiwit minder geproduceerd. Het concept
is veelbelovend omdat het specifieke remming mogelijk maakt van alle
eiwitten waarvan de bijbehorende MRNA opbouw bekend is. 1S1S 388626
bindt aan het MRNA van het SGLT2 eiwit. SGLT2 is een transporteiwit dat
zorgt voor reabsorptie van glucose uit de voorurine in de nier. Remming
van SGLT2 leidt tot toegenomen glucose uitscheiding in de urine en is een
manier om type 2 diabetes te behandelen [2-4].

In de dieronderzoeken die werden verricht met 1S1s 388626 bleek
dit een effectieve en veilige strategie [5;6]. In deze proeven werd aange-
toond dat bij doseringen van 1-3 mg/kg het SGLT2 MRNA effectief werd
geremd, hetgeen leidde tot een aanzienlijke toename van de renale
uitscheiding van glucose [5]. Er werden geen tekenen van toxiciteit of
achteruitgang van nierfunctie waargenomen [s5;7]. Op basis hiervan
werd de equivalente dosering voor mensen die veilig en effectief zou zijn
geschat te liggen tussen 1 en 3 mg/kg/week [5-7]. Dit vertaalt zich naar
doseringen tussen de 50 en 200 mg/week (0.7-2.8 mg/kg uitgaande van
70kg gewicht). Ditisin lijn is met doseringen van vergelijkbare antisense
oligonucleotiden die het gewenste effect lieten zien en veilig waren bij
mensen [8-10]. Het oorspronkelijke ontwerp voor de klinische studie
bestond uit een dubbelblind, placebo-gecontroleerd onderzoek waarbij
eerst enkelvoudige doses in opklimmende sterkte (single ascending doses;
sAD) aan de proefpersonen zouden worden toegediend om de veiligheid
van het middel te onderzoeken. Dit werd gevolgd door onderzoek met
een meervoudige wekelijkse dosering in opklimmende sterkte, met in
de eerste week een oplaaddosis van 3 doseringen (multiple ascending dose;
MAD). In deze MaD-studie werd naast veiligheid ook gekeken naar het
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beoogde effect, door de glucose excretie in de urine te testen en ook de
metabole reactie op een grote glucose inname (‘orale glucose tolerantie
test’). De enkelvoudige doseringen in de saD studie leidden niet tot vei-
ligheidsproblemen. Echter, in de MAD studie werden stijgingen in serum
creatinine opgemerkt bij 50 en 100 mg doseringen, die kunnen wijzen op
een nadelig effect op de nier. Om deze reden werd het onderzoek voor-
tijdig gestopt. Ook andere markers voor nierschade waren toegenomen
bij deze proefpersonen. Farmacodynamisch effect (toename van glucose
in de urine, glucosurie) werd nog niet gezien bij deze doseringen. Deze
effecten, die suggestief waren voor nierschade waren in dieren niet opge-
merkt. Daarom werd besloten nader onderzoek in dieren te verrichten.
Deze onderzoeken toonden aan dat ook in dieren dergelijke effecten
ontstonden, die voorbijgaand waren en daardoor in eerdere proeven
waren gemist [5;7;11]. Ook bleek in extra onderzoek bij apen dat deze
effecten alleen optraden als de oplaaddosis werd toegepast. In de groep
proefdieren die alleen wekelijkse doseringen kregen zonder oplaaddosis,
werd geen creatinine stijging gezien, terwijl er wel voldoende glucosurie
ontstond. De klinische proeven werden herstart om doseringen van 50,
100 en 200 mg ISIS 388626 gedurende 13 weken zonder oplaaddosis te
onderzoeken. Niettemin ontstond in de groep met 50 mg dosering een
gemiddelde stijging in serum creatinine en urine markers. Deze stijging
verdween na het stoppen met doseren. Er werd een extra onderzoek
verricht met een wekelijkse dosis van 50 mg gedurende 13 weken om
eventuele functionele nierschade bij de mens nader te onderzoeken. De
nierfunctie werd bepaald door middel van een meting van de glomeru-
laire filtratie snelheid en de renale doorbloeding. Dit onderzoek toonde
geen functionele achteruitgang van de nier, terwijl er wel creatinine stij-
gingen optraden. In de groepen behandeld met 50 mg trad de beoogde
glucosurie nog niet op. Gezien de milde en volledig omkeerbare effecten
en het ontbreken van verlies van nierfunctie, werden vervolgens de dose-
ringen 100 en 200 mg getest, waarbij wel glucosurie ontstond. Echter, het
effect was klein; bij een dosering van 200 mg werd maximaal 1.3 g/dag
glucose in de urine uitgescheiden, terwijl met andere sGLT2 remmers tot
60-70 g/dag wordt bereikt [12-15]. De biomarkers voor nierschade liepen
verder op in de groepen deelnemers die doseringen van 100 of 200 mg
kregen toegediend. Als enige andere belangrijke bijwerking werd in 8-19%
van alle deelnemers roodheid van de injectieplekken gezien (Injection
Site Reactions, 1sRS). Het effect van 1s1s 388626 op de nier biomarkers
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is onbegrepen. Andere sGLT2 remmers geven ook een serum creatinine
stijging, maar deze kan plausibel verklaard worden door de natriurese
die ontstaat als gevolg van de uitgesproken glucosurie [16] en heeft waar-
schijnlijk dus een andere origine. De milde glucosurie die 1S1s 388626
teweeg bracht kan worden geduid als gewenst farmacodynamisch effect,
maar zou ook kunnen passen bij milde tubulaire dysfunctie. Sommige
eerder onderzochte oligonucleotiden zijn ook geassocieerd met stijging
van nier biomarkers [17-19]. Weer andere vergelijkbare oligonucleotiden
geven dergelijke effecten niet [20-22]. De oorzaak van dit verschil is nog
onduidelijk. In dat licht is het raadzaam om bij klinische experimenten
met oligonucleotiden altijd nier biomarkers en eventueel functionele tes-
ten van de nier in te bouwen. Zeker gezien het feit dat effecten op de nier
in dieren maar weinig voorspellend zijn voor de effecten in de mens.

De glucosurie die werd bereikt was minimaal en het effect op de nier
aanzienlijk en onbegrepen. Daarmee is het therapeutisch venster van
1s1s 388626 smal. Mogelijk heeft de beoogde doelgroep meer baat bij deze
therapie, omdat patiénten met type 2 diabetes mellitus een hogere sGLT2
expressie hebben. Echter, meer onderzoek naar de effecten op de nier is
nodig voordat verdere klinische ontwikkeling van 1s1s 388626 verant-
woord zou zijn.

De effecten van 1s1s 388626 op de nier waren onverwacht, aangezien
initieel geen enkel signaal werd gezien gedurende de uitgebreide pre-
klinische studies in verschillende diersoorten. Dit illustreert het belang
van het bepalen en volgen van effecten op de nier in zogenaamd vroege
fase klinisch geneesmiddelonderzoek. Vaak worden bepalingen serum
creatinine en ureum ingezet, maar deze markers zijn weinig gevoelig en
vroege schade kan worden gemist [23]. Daarom verdient het aanbeveling
ook markers te overwegen waarvan in dieronderzoek is aangetoond dat
ze potentieel informatiever zijn, zoals KIM1, B2M, aGST en NAG. Van deze
markers is beschreven dat ze eerder reageren dan serum creatinine en
daarnaast geven deze biomarkers inzicht in de mogelijke aard en plaats
van de nierschade. Een belangrijke beperking van nier biomarkers is
het ontbreken van validatie voor het klinisch gebruik, aangezien vooral
dierstudies beschikbaar zijn in de huidige literatuur. Gedurende de kli-
nische studies met 1sIs 388626 correleerde vooral KIM1 en B2M met de
creatinine respons, hetgeen het vermoeden van de tubulaire origine van
het effect leek te bevestigen. Er zou echter meer informatie beschikbaar
moeten zijn over de klinische bruikbaarheid van de markers. Ook zou het
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meten van de markers laagdrempeliger en efficiénter moeten worden.
Een andere beperking is het ontbreken van een geschikte biomarker die
specifiek is voor schade aan de glomeruli van de nier.

De onderhuidse injectie van 1s1s 388626 leidde in een aantal proefper-
sonen tot ISRS. Alle oligonucleotiden die subcutaan worden toegediend
geven dergelijke reacties, de mate en ernst van de reacties verschilt per
oligonucleotide. Vanuit de literatuur en ervaring binnen CHDR kan
worden geconcludeerd dat hoogte van dosis een belangrijke rol speelt.
Hogere doses resulteren in hogere lokale blootstelling in de huid en ern-
stiger reacties. Milde reacties bestaan meestal uit erytheem en ongemak.
Er kunnen ook ernstiger reacties optreden die zich manifesteren als ind-
uratie, ulceratie en necrose. ISRs veroorzaakt door oligonucleotiden zijn
zeer beperkt beschreven in de literatuur en de pathofysiologie is onbe-
kend. Vermoedelijk speelt immunologische activatie via de aangeboren
immuunreceptoren zoals Toll-Like Receptoren (TLRS) een rol en mogelijk
ook complement activatie. Als er oligonucleotiden ontwikkeld zouden
kunnen worden die geen 1SRs geven, zou dit het potentiele succes van
oligonucleotiden aanzienlijk kunnen vergroten. Hiertoe is meer kennis
nodig over deze specifieke huidreacties en immuno-stimulatoire eigen-
schappen van oligonucleotiden in het algemeen. Weefselonderzoek van
de laesies met immuun-kleuringen zou mogelijk inzicht bieden. Ook
zouden alle klinische studies systematisch en bij voorkeur op een unifor-
me manier het optreden van 1ISRS moeten rapporteren om zo de gedeelde
kennis te vergroten.

Het gunstige profiel van 1s1s 388626 in dierproeven, gecombineerd
met de recente succesvolle ontwikkeling van andere sGLT2 remmers,
maakte 1S1s 388626 een veelbelovend kandidaat-geneesmiddel. De sGLT2
remmers die momenteel op de markt zijn hebben de beperking dater niet
meer dan 50% remming van terug reabsorptie van gefiltreerd glucose
wordt bereikt. Mogelijk door een compensatoire toename van SGLT1 acti-
viteit. Het blijft onduidelijk of een maximaal farmacodynamisch effect
van antisense remming van sGLT2 dit plafond zou ontstijgen. Echter, de
onverwachte en onbegrepen effecten op de nier van 1s1s 388626, maakt
hetklinisch testen van hogere doseringen onacceptabel vanuit een veilig-
heidsperspectief. Om deze reden is de klinische ontwikkeling stopgezet.

In het algemeen zijn antisense oligonucleotiden een aantrekkelijke
klasse geneesmiddelen. Ze zijn ’op maat gemaakt’, zeer specifiek voor het
doeleiwit, en bewerkstelligen remming op een geheel ander niveau dan
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klassieke geneesmiddelen door te interfereren met synthese van eiwit.
Maar de belofte die uitging van vele kandidaat-geneesmiddelen van deze
klasse die klinisch werden getest heeft nog niet tot veel successen geleid.
Momenteel is mipomersen het enige geregistreerde oligonucleotide. Dit
wordt gebruikt voor de behandeling van patiénten met een homozygote
familiaire hypercholesterolemie. Er is een aantal belangrijke uitdagingen
te overwinnen om bredere implementatie van oligonucleotide therapie in
deKklinische praktijk te bereiken. Enkele uitdagingen zijn geillustreerd in
dit proefschrift. Accumulatie van oligonucleotiden lijkt een rol te spelen
bij zowel de nadelige effecten op nier als bij de huideffecten. Alternatieve
toedieningsroutes worden onderzocht, waarbij bijvoorbeeld 1Srs zou-
den kunnen worden voorkomen door orale toediening [24]. De mate van
accumulatie in de nier hangt af van de chemische structuur [5;25;26]. Dit
zou meegewogen moeten worden in toekomstige studies met oligonu-
cleotiden. Strategieén om accumulatie te voorkomen zijn bijvoorbeeld
het veranderen van de distributie eigenschappen door het gebruik van
oligonucleotide conjugaten, zoals peptiden, proteines, koolhydraten
en aptameren [27]. De nauwe grens tussen accumulatie die nodig is om
effect te bewerkstelligen en de accumulatie die toxiciteit geeft zou ver-
der moeten worden bestudeerd. Preklinische en vroege klinische studies
zouden zich moeten richten op het vermijden van ongewenste effecten.
Dit zou de weg kunnen banen voor oligonucleotiden met een beter pro-
fiel, geschikt voor chronisch gebruik en toepasbaar voor brede patiént
groepen.
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CHAPTER 6 - Figure4 Examples of 1sRs, ranging from mild erythema of several cm’s (a) to
pronounced erythema of > 10cm with central ulceration (B)

CHAPTER 6 - Figure5 Examples of persisting discoloration of the skin. Mild hyperpigmentation ()
and hypopigmentation (B)

CHAPTER 6-Figure6 Thehistology ofa biopsy of an erythematous IsR. A. Overview of biopsy.
B. Spongiosis with exocytosis of lymphocytes and parakeratosis with serumcrustae. c. infiltration

with eosinophilic granulocytes. D. Necrosis of the subcutaneous fat tissue and infiltration with
eosinophilic granulocytes.







