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ABSTRACT

Background

Chimerism indicates the presence of cells from one individual in another individual, and
has been associated with several autoimmune diseases. Chimerism occurs more often
in renal tissue of patients with the autoimmune disease systemic lupus erythematosus
(SLE) than in normal control kidneys. Although this finding may point towards a role for
chimerism in the induction of SLE, it could also indicate that chimerism is the result of
repair mechanisms after injury. Therefore, we performed a post-mortem investigation
for the presence of chimerism in 48 organs from seven women with SLE and established

whether there was a relationship between chimerism and injury.

Methods

Chimeric male cells in female tissue specimens were identified by in situ hybridization of
the Y chromosome. Organs were categorized into 4 different groups according to injury
experienced. Results were compared with those for unaffected control organs.

Results

Chimerism was found in all seven patients with SLE. Y chromosome-positive cells were
present in 24 of 48 organs from women with SLE, which was significantly more than in
control organs (P< 0.001). Chimerism occurred more often in organs from patients with
SLE who had experienced injury than in normal control organs, irrespective of whether
the injury experienced was SLE-related, non-SLE-related, or both.

Conclusions
This is the first report of the distribution of chimerism in a large number of organs from
women with SLE. It shows that the occurrence of chimerism is related to injury. The data

support the hypothesis that tissue chimerism is the result of a repair process.
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INTRODUCTION

Chimerism is the presence of cells from one individual in another individual. The
involvement of chimerism in the pathogenesis of autoimmune diseases has been
addressed in several studies.’? We recently investigated the occurrence of chimerism
in kidneys of women with the autoimmune disease systemic lupus erythematosus (SLE)
and found that chimerism occurs twice as often in lupus nephritis as in normal kidneys.*
SLE is an immune-mediated disease that affects several organs and has a variety of
clinical symptoms.®> This disease is characterized by the presence of autoantibodies,
particularly autoantibodies against nuclear components.® Despite extensive research,
the aetiology of SLE is still unknown, but is probably multifactorial. Chimerism is a

candidate factor that may be responsible for the development of SLE.

SLE occurs in women and men at a ratio of approximately 10:1. In women the first
symptoms most often occur during their fertile years.” This is interesting in terms
of whether chimerism plays a role in SLE, because pregnancy is thought to be the
most likely source of chimeric cells. During pregnancy, fetal cells enter the maternal
circulation, making the mother chimeric. These circulating fetal cells have been reported
to be haematopoietic progenitor cells, trophoblast cells, nucleated erythrocytes, and
leukocytes.®"" We have shown that, in kidneys with lupus nephritis, both CD3 and

CD34 positive chimeric cells are present.

The presence of chimeric cells in tissues affected by SLE may indicate the pathogenic
potential of chimeric cells. For example, their presence could be interpreted as a graft-
versus-host or a host-versus-graft reaction.'? In these scenarios, chimeric cells are
involved in the initiation of disease. However, recent publications have stressed the
importance of chimeric cells in repair, showing in experimental designs that fetal cells

migrate to sites of injury in the mother.™
Organ injury in autoimmune diseases such as SLE can be extensive. If chimeric cells

indeed have repair capabilities, the amount of tissue chimerism would be expected

to be high in organs from women with SLE, especially in those that show histological
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signs of injury. Moreover, it is possible that specifically SLE-related injury leads to the
presence of chimerism, in contrast to other forms of injury. In an autopsy case-study of
one patient with SLE, Johnson et al.™ showed that chimerism was present in the heart,
lung, kidney, intestines and skin. However, Khosrotehrani et al.”™ found no chimerism
in skin specimens from 7 patients with mild SLE. Apart from the 57 kidney specimens
with lupus nephritis we previously studied, there have been no other data gathered on
either the occurrence of chimerism in organs from women with SLE or the relationship

between tissue chimerism and injury.

Therefore, we investigated the association of chimerism and injury in a large number of
tissue samples from patients with SLE, categorizing whether these tissues had an SLE-
related injury, a non-SLE-related injury, a combination of the two, or were histologically

normal.

PATIENTS AND METHODS

Patients

Tissue samples of the kidney, liver, heart, lung, spleen, lymph node, thyroid and skin
were obtained at autopsy from seven women diagnosed with SLE during their life-time.
Autopsies were performed at the Leiden University Medical Center (LUMC) between
1985 and 2001. Clinical histories of patients were retrieved, including data on serology,
disease course, therapy, and cause of death. A pathologist, unaware of the clinical history

and pathological findings stated in the autopsy report, reviewed the specimens.

Information on patient parity was derived from medical records or, if records were
incomplete, by contacting general practitioners. Data on whether patients had received
blood transfusions were obtained from the Department of Immunohematology and
Blood Transfusion of the LUMC. Because these data were only available from 1987
onwards, we were not able to retrieve the blood transfusion history of one patient
(patient 1).
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Clinical histories

Patient 1 developed butterfly exanthema, alopecia, and photosensibility at the age of
16 when SLE was diagnosed. Within a year, she developed nephrotic syndrome due to
lupus nephritis, pericardial obliteration, pleuritis, and serositis. Anti-dsDNA antibodies
were present. She received immunosuppressive therapy, but the disease never became
quiescent. Cause of death at age 17 was liver failure caused by lupus hepatitis and an
acute necrotizing pancreatitis. She had no children. We were not able to retrieve her
blood transfusion history.

Patient 2 was diagnosed as having SLE at the age of 27, presenting with pleuritis and
arthritis. Anti-dsDNA antibodies were positive. Initially, the disease became quiescent
under immunosuppressive therapy, but 6 months later an exacerbation with pleuritis
and arthralgia developed. Immunosuppressive therapy was intensified, complicated
by a cytomegalovirus infection. She was admitted to hospital, and in the course of 3
months, multiple manifestations of SLE became apparent (pleuritis, pericarditis, and
cerebral vasculitis). Together with multiple infections, these conditions led to death at

the age of 28. She had no children. She did not receive any blood transfusions.

Patient 3 developed tendinitis, arthritis, pleuritis, pericarditis, and butterfly exanthema
at the age of 26 when SLE was diagnosed. Antinuclear factor (ANF) was positive. She
was treated with corticosteroids, and the disease became quiescent. At the age of
48 she had symptoms of polyneuropathy and, 2 years later, an exacerbation occurred
with pericarditis. At the age of 53 she had surgery for an adenocarcinoma of the
rectum. Eight years later, she presented with alopecia, oral ulcers, arthralgia, and
fever. Immunosuppressive therapy was intensified, but her condition was complicated
by miliary tuberculosis, resulting in her death at age 61. She had no children. Shortly

before death she received 2 erythrocyte transfusions.

Patient 4 had onset of Raynaud’s disease, pericarditis, and vasculitis at the age of
24, which was originally diagnosed as mixed connective tissue disease. She received
immunosuppressive therapy, which was initially successful. At age 33 she was admitted

to hospital because of transverse myelitis and pulmonary hypertension, and SLE was
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diagnosed. ANF was positive. One month later, she died from severe pulmonary
hypertension. At autopsy, lupus nephritis class Il was found. She had no children. There

was no history of blood transfusion.

Patient 5 developed pleuritis, pericarditis, SLE-related cerebral symptoms, arthritis,
and butterfly exanthema, and was diagnosed as having SLE at the age of 38. Anti-
dsDNA antibodies and ANF were positive. Immunosuppressive therapy was started. The
disease remained relatively quiescent, except for a period of cerebral ataxia, possibly
SLE-related, 9 years later. At age 54 she presented with dyspnea caused by pleuritis, and
was admitted to hospital. She appeared to have an exacerbation of SLE characterized by
systemic vasculitis. This led to the development of mesenterial thrombosis, which was
the cause of death. She had one son and one daughter. During the last 4 days before

death she received 26 erythrocyte transfusions.

Patient 6 was diagnosed with SLE at the age of 31. She presented with arthritis,
exanthema, serositis, and nephrotic syndrome due to lupus nephritis. ANF was positive.
She was treated with immunosuppressive therapy, which was initially successful. Five
years later, she had an exacerbation with a recurrence of the nephrotic syndrome. After
remission, the disease remained quiescent for 15 years. At the age of 51, she presented
with ‘general malaise’ and fever, indicative of SLE recurrence. She was admitted to
hospital, and developed rapidly progressive respiratory failure. Blood cultures were
positive for Klebsiella oxytoca and Escherichia coli. She died from septic shock. At
autopsy, active lupus nephritis was found, indicative of an SLE exacerbation. She had
two daughters. In the last 2 months before death she received 17 leucocyte-depleted

transfusions and one undepleted erythrocyte transfusion.

Patient 7 had onset of skin abnormalities and arthritis at the age of 24. At 29, she
developed pleuritis and nephrotic syndrome, and SLE was diagnosed. ANF was positive.
Immunosuppressive therapy was initiated, and the disease became quiescent. Ten
years later she developed a Non-Hodgkin lymphoma, for which she was treated with
chemotherapy, resulting in partial remission of the lymphoma. However, 1 month later

she developed a nephrotic syndrome as a result of recurrence of lupus nephritis. She

184



died at the age of 39 from progressive congestive heart disease due to lupus myocarditis.
At autopsy, no remnants of the Non-Hodgkin lymphoma were found. She had two
children. She received eight packages of leucocyte-depleted erythrocyte transfusions 1

week before death.

Controls

Organs from patients with SLE were compared with 146 histologically normal organs
from 34 control women. Control women were matched for age range with the patients.
Some of these data have been published previously.'® Organs were obtained at autopsy,
performed at the LUMC between 1999 and 2001. Women with autoimmune disease
were excluded. Of the 34 control women, eight had died from a vascular or myocardial
cause, three from a cerebral cause, eight from an infectious cause, 13 from a malignancy,
and two from other causes, namely amniotic fluid embolus and liver cirrhosis. Before
being entered into the study, control organs were reviewed by light microscopy, and
those that contained any histomorphological abnormalities, such as inflammatory
infiltrates, scarring, atypia, hyperplasia, or any other histologically apparent lesion, were
excluded. The remaining 146 control specimens were histomorphologically normal.
Blood transfusion status and patient parity were retrieved by similar methods as for the
patients with SLE.

In situ hybridization

To detect chimeric cells, in situ hybridization of the Y chromosome was performed as
described previously.* Male tissue samples served as positive controls, they contained
red-brown dots confirming a positive signal in 70% of the nuclei. We confirmed by
PCR and sequencing that the probe was specific for the Y chromosome [described
in reference '®]. As a negative control, a male tissue sample was used on which the
complete in situ hybridization protocol was performed, but instead of hybridization
mixture with the Y chromosome probe, only hybridization mixture was added. This

negative control was consistently negative.

Scoring

All organ specimens of patients were scored for the presence of Y chromosome-
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positive cells by light microscopy. Two observers, blinded to the clinical and histological
information of the patients, scored the specimens. For all specimens, a random area of
58 mm? was scored. A template was used to draw this area on the cover slide, to ensure
that both observers scored the same area. From clinical data and histology, it appeared
that organs derived from women with SLE had different injury histories, which could be
divided into four groups: 1. injury that could be related to SLE; 2. injury not related to
SLE; 3. injury that was both SLE-related and non-SLE related; 4. no history of injury and
no histological abnormalities. SLE-related injury included pleuritis, pericarditis, lupus
nephritis, periarterial fibrosis of the spleen, and lupus hepatitis. In the case of skin
specimens, five patients had experienced butterfly exanthema of the facial skin, but
facial skin was never included in the tissue block at autopsy. From these patients, skin
specimens of other areas that were normal were put in group 4, the normal tissue
group. If an organ had experienced various types of injury, but the dominant lesion was
SLE-related, the organ was categorized within group 1 (SLE-related injury). This was the
case in five organs. Five organs had equally prominent SLE-related and non-SLE related
injury, and were included in the third group.-

Tissue slides were also scored for the presence of inflammatory infiltrates according to
the following criteria: 0 = no foci of inflammatory cells; 1 = minor infiltrates, mostly
in a diffuse pattern throughout the tissue specimen; 2 = more diffuse infiltrates and
foci with a vast amount of inflammatory cells (diffuse/focal pattern); 3 = highly diffuse
infiltrates throughout the tissue specimen with focal areas of abundant inflammatory
cells. Kidney specimens with lupus nephritis were also scored according to the most

recent modification of the WHO classification.”

Statistics
Categorical variables were compared by chi-square test. Continuous variables were
compared with the Student t test. Correlations were determined by calculating point-

biserial correlations.
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REsuLTs

Seven women with SLE were included in the study (age range 17 - 61 years; mean
age 41) and 34 control women (age range 16 - 61; mean age 47). In the patients with
SLE, the time since diagnosis ranged from 1 month to 20 years (mean 7 years). Age at

diagnosis ranged from 16 to 38 years old.

Chimeric cells were found in all seven patients with SLE, whereas chimerism only
occurred in 15 of the 34 (44 %) control women. Comparing the results of the individual
organs, we found that Y chromosome-positive chimeric cells were present in 24 of

8 (50%) organs derived from women with SLE, and in 21 out of 146 (14%) organs
from controls (p< 0.001). Table 1 shows that chimeric cells were present at least once
in every kind of organ, both in patients with SLE and controls, except for lymph nodes,
which were negative in the control group. There was no significant difference in the
occurrence of chimerism between the different organs within the patient or control
group (Figure 1).

Table 1. Chimeric organs in patients and controls

Patients with SLE (n=7) Controls (n=34)
Chimerism present (%) Chimerism absent (%) Chimerism present (%) Chimerism absent (%)
Heart 43) 4(57) 3(10) 26 (90)
Lung (67) 2 (33) 3(17) 15 (83)
Kidney 6 (86) 1(14) 6 (26) 17 (74)
Liver 4(57) 3(43) 3(13) 21(87)
Spleen 2 (33) 4 (67) 4(19) 17 (81)
Skin 2(33) 4.(67) 1(13) 7 (87)
Thyroid 2 (40) 3 (60) 1(5) 19 (95)
Lymph node 1 (33) 2 (67) 0(0) 3 (100)

Table 2 lists specified data on occurrence and number of chimeric cells in organs from
women with SLE. The number of chimeric cells ranged from one to five per scoring area
of 58 mm? in all instances. Groups of Y chromosome-positive cells were not found,

except for a cluster of five chimeric cells in the lung of patient 5.
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100+
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Heart Lung Kidney Liver Skin Thyroid Spleen Lymph
node

Figure 1. Occurence of chimerism in organs of women with systemic lupus erythematosus (SLE; grey bars)
and control women (black bars).

All organs were evaluated by a pathologist for the presence of cellular infiltrates.
Although increased occurrence of chimerism seemed to correspond to higher infiltrate
scores, this relationship was not significant (Figure 2, p = 0.32, correlation coefficient =
0.3). Only 20% of chimeric cells were found inside or near an inflammatory infiltrate.

100+
90}
80
70
60
50
40
30
20

Chimeric organs (%)

0 1 2 3
(n=20) (n=12) (n=3) (n=3)

Infiltrate score

Figure 2. Occurrrence of chimerism related to the infiltrate score of organs from women with systemic
lupus erythematosus. Tissue slides were scored for the presence of inflammatory infiltrates according to
the following criteria: 0 = no foci with inflammatory cells; 1 = minor infiltrates, mostly in a diffuse pattern
throughout the tissue specimen; 2 more diffuse infiltrates and foci with a vast amount of inflammatory
cells (diffuse/focal pattern); 3 = highly diffuse infiltrates throughout the tissue specimens with focal areas of
abundant inflammatory cells.

Three women with SLE had children and four had no children. Four patients with SLE

had received a blood transfusion, two had not, and for one patient we could not retrieve
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her blood transfusion status. Table 2 shows data on children and blood transfusion
history. Although two women had not received a blood transfusion and had no children,
chimerism was found in all seven patients with SLE. In the control group, 22 women
had children, and 12 women had no children. Of the 15 control women whose organs
exhibited chimerism, 11 had had a blood transfusion. Similarly, of the 19 non-chimeric
control women, 11 had received a blood transfusion. In neither the patient group nor
in controls did we find a relationship between the presence of chimeric cells and either
patient parity or history of blood transfusion.

[ Tl |

Chimeric organs (%)

Both SLE-related SLE-related Non-SLE-related No injury Control group
and injury injury (n=12) (n=13) (n=146)
non-SLE-related (n=18)
injury (n=5)

Figure 3. Occurrence of chimerism related to organ injury in women with systemic lupus erythematosus (SLE).
According to the criteria described in the text organs from women with SLE were categorized into four groups
on the basis of injury experience. The percentage of chimeric organs in these four and in normal control
organs is given. * p<0.001; t p<0.05; # p<0.015.

Of the organs from patients with SLE, five had experienced both SLE-related injury and
non-SLE-related injury, 18 had experienced only SLE-related injury, 12 had experienced
non-SLE-related injury, and 13 had no abnormalities. Figure 3 shows the distribution of
chimeric cells within the four categories of organ injury, both for patients with SLE and
controls. Chimerism occurred significantly more often in organs derived from women
with SLE that showed SLE-related injury, compared with organs from women with SLE

without injury (p=0.036) and control organs (p< 0.001). Chimerism was also found
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significantly more often in organs that had experienced injury that was not SLE-related
compared with controls (p=0.014). Chimerism was found in all five organs with both
SLE-related and non-SLE-related injury.

We observed that the level of chimerism corresponded to the degree of organ injury.
We found the least amount of chimerism in normal organs from healthy controls,
followed by normal organs from patients with SLE, organs of patients with SLE with
non-SLE-related injury, organs of patients with SLE with SLE-related injury, and the most
chimerism was seen in organs affected by both SLE and another type of injury. Chimerism
was found significantly more often in organs from patients with SLE that experienced
injury compared with normal control organs, irrespective of whether the injury was SLE-
related, non-SLE-related or both. Figure 4 shows two examples of chimerism in organs

from women with SLE with different kinds of injury.

Figure 4. (A) Extensive steatosis in liver specimen from a woman with SLE (HE staining). (B) Y chromosome-
positive cell (arrow, detail in inset) in the same liver as in (A). Red-brown dot indicates the Y chromosome, as
identified by in situ hybridization. (C) Lupus nephritis WHO class Il in renal specimen from a woman with SLE
(silver staining). (D) Y chromosome-positive cell (arrow, detail in inset) in the same kidney as in (C).
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Discussion

We investigated the distribution of Y chromosome-positive chimeric cells in 48 organs
from seven female patients with SLE. Y chromosome-positive chimeric cells were
identified significantly more often in organs from women with SLE than in control
organs. Overall, our results show that there is a relationship between the presence of
chimerism and organ injury. In patients with SLE, there was not a significant difference
in the occurrence of chimerism between organs with SLE-related injury and those with
non-SLE-related injury. This may indicate that chimerism is involved in various types of
injury. The occurrence of chimerism was the same in normal organs from patients with
SLE and normal organs from healthy controls. This demonstrates that patients with SLE

do not have a higher ‘background level’ of chimeric cells than normal controls.

Our finding that chimerism is related to injury experienced in organs from women
with SLE could be interpreted in several ways. One possibility is that chimeric cells
are involved in repair mechanisms, a hypothesis put forward previously known as the
‘repair hypothesis'.’>'81° The repair hypothesis suggests that chimeric cells develop
from progenitor cells into parenchymal cells and replace damaged host cells after tissue
injury. This idea came from studies that reported that Y chromosome-positive cells with
a particular phenotype (e.g. cytokeratin or heppar-1 positive) were present in human
tissues affected by various diseases.?’ In an experimental mouse model, Wang et al.’®
showed that, in gentamicin-induced kidney injury and in ethanol-induced liver injury,
fetus-derived chimeric cells migrated to the injured tissues. Recently, Khosrotehrani et

al.?' found fetus-derived chimeric cells in chemically injured livers and spleens of mice.

A relationship between chimerism and injury has not been previously reported in human
studies on SLE. In fact, there are data that contradict this hypothesis. Khosrotehrani et
al.”™ found no chimeric cells in seven skin samples of women affected with mild SLE.
They suggested that, in SLE, chimeric cells probably only migrate to affected tissues
if the damage reaches a particular threshold. The only study so far to investigate
chimerism in various organs in an SLE patient was a case report by Johnson et al.™#,

reporting chimerism in heart, lung, kidney, intestines and skin. Interestingly, the highest
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number of chimeric cells was found in the intestines in which extensive damage caused
by infection and drugs was present. They concluded that chimeric cells were associated
with pathologic processes involved in SLE. We are the first to investigate thoroughly the
relationship between chimerism in organs of SLE patients, making a distinction between
SLE-related and non-SLE-related injury. Our results are in line with the repair hypothesis,
demonstrating that in comparison to organs of SLE patients that were normal, both
those with SLE and non-SLE related injury demonstrated a fairly high occurrence of Y
chromosome-positive chimeric cells. However, this theory remains as yet unproven in

humans. Final prove requires a dedicated study design.

Another possibility is that organs in which injury is taking place produce more cytokines,
leading to the recruitment of more inflammatory cells, including chimeric cells. To test
this possibility, we scored for infiltrates and examined for every chimeric cell found
whether it was located inside an inflammatory infiltrate or whether an inflammatory
infiltrate was present in the same microscopic visual field as the chimeric cell. Our data
show that indeed there was a tendency towards an increased occurrence of chimerism
whenever inflammatory infiltrates were present. However, careful observation of the
location of the chimeric cells showed that chimeric cells were only present inside an
infiltrate in five tissue specimens. Therefore, the high occurrence of chimeric cells in
patients with SLE cannot be explained solely by an overall increase in cells due to the

influx of inflammatory cells as a result of response to injury.

As all the patients had received immunosuppressive therapy during their lifetimes, a
third possibility is that they were not able to build up an effective immune response to
clear chimeric cells. On the other hand, controls, with an intact immune system, may
exhibit chimeric cells in their organs less often. However, this theory does not explain

why chimeric cells are especially present in organs that have experienced injury.

Although it is assumed that the main source of chimerism is pregnancy, we found
Y chromosome-positive cells in SLE patients both with and without children. This
phenomenon has been described in other studies investigating chimerism in autoimmune

diseases.’®?223 The presence of chimerism in patients without children can be explained
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by miscarriages, unrecognized pregnancies, and/or blood transfusions.?*2¢ In the present
study we were not able to retrieve information on the first two sources. Data on blood
transfusions were available. However, two women with SLE were found to be chimeric

without having had children or blood transfusions.

This study describes for the first time the distribution of chimeric cells in a large number
of organs derived from women with SLE, and shows that all seven women with SLE
were chimeric. Furthermore, a relationship between the presence of chimerism and
organ injury is shown. Our findings suggest that the repair capacities of chimeric
cells may be involved. However, we cannot exclude the possibility that chimeric cells
are immunological cells that, under certain circumstances, may become targets of a

detrimental immune response leading to the development of SLE.
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