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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

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

2. Pathology findings: tubular
nephropathy at week 2in 3/4
animals

30 mg/kg without loading
dose: no significant findings

DISCUSSION AND SUMMARY — CHAPTER 7




