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Abstract
Objective: Lupus nephritis is one of the most serious and common complications of systemic lupus
erythematosus. It has an unpredictable course, and the type, severity, and activity of renal lesions
cannot be assessed only by clinical and laboratory findings. The aim of the present study was to
determine the relationship between the expression of CD34 and the histopathological findings of
lupus nephritis.
Methods: A total of 73 renal biopsy samples of patients with a diagnosis of lupus nephritis were examined for CD34 expression by immunohistochemistry. Samples without staining were considered
as 0, mild staining as 1+, moderate as 2+, and strong staining as 3+. The relationship between CD34
expression and histopathological and clinical data (including activity index, chronicity index, lupus
nephritis class, age, sex, blood pressure, complete blood count, renal function tests, and serological
findings) was analyzed.
Results: The mean age of the patients was 29.3±11.3 years. CD34 was expressed in all of the cases but
with different intensities. There was a significant relationship between the expression of CD34 and the
activity index, as a strong expression was seen in lower activity indices (p<0.001). CD34 expression
was correlated with patients’ white blood cell (WBC) count and systolic blood pressure (SBP). Patients
with strong (score 3) CD34 expression had higher SBPs and lower WBC counts (p=0.03 and 0.04,
respectively).
Conclusion: A strong interstitial expression of CD34 was observed in lower activity indices. It seems
that CD34 expression could play a protective role in lupus nephritis and could reduce renal activity.
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Introduction
Systemic lupus erythematosus (SLE) is an autoimmune disease of unknown etiology in which tissues and
cells are damaged by immune complexes and pathogenic autoantibodies. Renal involvement in SLE is
called lupus nephritis, which is one of the most serious and common complications of SLE (1-3). It occurs in
60% of the patients and is accompanied by infection. It is the leading cause of mortality in the first decade
of the disease. Lupus nephritis is a progressive disease with exacerbations requiring treatment after many
years of therapy.
Pathological changes in lupus nephritis may be found in the glomeruli, tubules, blood vessels, or renal
interstitium, and renal biopsy plays an important role in the diagnosis and control of the disease (410). CD34, a glycosylated single-chain protein with an approximate weight of 116 kDa (11), is one of
the single-pass transmembrane sialomucin proteins and intercellular adhesion factors. It is expressed in
the membrane of some cell types including hematopoietic cells, endothelial cells, muscle satellite cells,
hair follicle stem cells, and fibroblasts. Recent studies have shown that CD34 positive cells can cause
changes in the adhesion and migration of bone marrow cells (12-14). Moreover, these cells may increase
proliferation and prevent differentiation of progenitor cells, increase lymphocyte adhesion, and, in some
cases, such as kidney podocytes, can prevent cell adhesion (15). Multipotency of CD34-presenting cells
has made them useful agents for various therapeutic purposes, such as cancer, diabetes, cardiovascular
diseases, and autoimmune disorders (16). The role of CD34-presenting cells has been studied in some
recent studies, but the results show some controversies. One study showed that patients with more severe nephrosclerosis exhibit lower expression of CD34 in the tubulointerstitium (17). In contrast, another
study examined 47 patients for alpha-smooth muscle antibody and CD34 and found that CD34 positivity
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Table 1. Clinical data of enrolled patients
Age
Mean

SBP

Up24

29.6±11.3 124.1±22.2

GFR

2427.3±2915.4

Cr

Urea

ESR

63.1±29.6 1.2±0.7 52.1±44.1

Plt

HGB

WBC

DBP

48.1±31.5 207.5±86.9 10.7±1.8 8.2±5.2 79.7±15.1

SBP: systolic blood pressure; DBP: diastolic blood pressure; Cr: creatinine; Plt: platelet; Up24: 24-hour urine protein; GFR: glomerular filtration rate; HGB: hemoglobin; ESR: erythrocyte sedimentation
rate; WBC: white blood cell

Table 2. Serological data of enrolled patients
Anti-cardiolipin

CH50

C4

C3

dsDNA

ANA

β2-Glycoprotein

Mean

4.5

80

0.14

0.55

4.2

7.64

3.7

Min

0.12

3

0.01

0

0.1

0.8

0.5

Max

43

135

100

180

600

1180

25.7

ANA: antinuclear antibod

Table 3. The relationship between CD34 expression and WBC and SBP
		

SBP (mm Hg)

p

WBC (count/µL)

p

CD34

1+

124.7±23.2

0.03

9.21±4.42

0.04

2+

111.5±20.7		

9.81±8.24

3+

131.7±19.2*		

6.12±2.59*

Total

124.17±22.2		

8.21±5.27

Briefly, after deparaffinization and re-hydration,
endogenous peroxidase activity was blocked
using hydrogen peroxide. Primary antibody for
CD34 (Dako Corporation, Glostrup, Denmark)
was added after antigen retrieval and incubated for 45 min. Then, the antibody was washed,
and the slides were incubated with envision
(Dako Corporation, Glostrup, Denmark). Diaminobenzidine tetrahydrochloride was used for
visualization. The membranous staining pattern in interstitial cells was considered as positive. The semi-quantitative method was used
for examination, and scoring was as follows:
0=no reaction, 1=mild reaction, 2=moderate
reaction, and 3=strong reaction (20). A negative control was applied on one of the samples
by the secondary antibodies removal. Control
samples were stained with the same method.

SBP: systolic blood pressure; WBC: white blood cell
*p<0.05 is significant

Table 4. The relationship between the expression of CD34 and the activity index in patients with
lupus nephritis
		

Activity index

		

<9

≤10

Total

CD34 expression

0

0

0

0

1

22

7

29

2

14

5

19

3

25*

0*

25

34

12

73

Total		
*p<0.05 is significant

in severely sclerotic lesions is more than the
other lesions (18). In addition, the CD34 positivity rate in proliferative glomerulonephritis
(GN) was significantly higher in the control
group and non-proliferative lesions.
However, most of the studies have explored
CD34-presenting cells in cases other than lupus nephritis. To the best of our knowledge,
there are few studies that explored the role of
CD34 in lupus nephritis. Considering the lack
of data in lupus nephritis and also the present
controversies, we tried to examine the immunohistochemical expression of CD34 antigen
in renal biopsies of patients with lupus nephritis and explore its relationship with various
histopathological and clinical findings of the
disease in the present study.

Methods
In the present study, 73 paraffin-embedded
blocks of kidney needle biopsy samples of
patients with lupus nephritis collected by the
pathology department of Urmia University
of Medical Sciences, Urmia, Iran from 2009 to
2014 were enrolled. The slides were evaluated
and classified for lupus nephritis according to
the International Society of Nephrology/Renal
Pathology Society classification (19). Suboptimal samples (<8 glomeruli or <0.5 cm sample
length) were excluded from the study. Then,
suitable blocks were selected for immunohistochemical (IHC) staining. A 4 μm section
was prepared from the selected blocks, and
IHC staining for CD34 antigen was performed
according to the manufacturer’s instructions
(Dako Corporation, Glostrup, Denmark).

Patients’ clinical data including age, gender,
systolic and diastolic blood pressure (SBP and
DBP), blood count indices (white blood cell
(WBC), red blood cell, hemoglobin, and platelet count), erythrocyte sedimentation rate, serum urea and creatinine levels, and serological
markers, such as antinuclear antibody, dsDNA,
anti-cardiolipin, β2-glycoprotein, and complement levels, were also obtained from their
medical records for further evaluation.
The ethics committee of Urmia University of
Medical Sciences approved the study. Written informed consent was obtained from the patients.
Statistical analysis
The results are expressed as mean±standard
deviation. Statistical analysis was performed
using the SPSS version 16.0 software (SPSS
Inc., Chicago, IL, USA). The difference among
proportional variables was analyzed by the chisquare tests. Numerical data were evaluated by
analysis of variances followed by post hoc test.
A p value <0.05 was considered as significant.

Results
The mean age of the patients was 29.63±11.3
years. Of the patients, 83.6% were females. Tables 1 and 2 show the clinical data and also the
serological findings. Our results showed that
CD34 expression was correlated with patients’
WBC count and SBP. Patients with a strong
(score 3) CD34 expression had higher SBPs
and lower WBC counts (p=0.03 and 0.04, re-
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spectively) (Table 3). There was no relationship
between CD34 expression and other clinical or
laboratory findings.

Figure 1. Immunostaining of the kidney tissue with CD34 marker, showing mild staining
density in interstitial cells (arrows). Vascular
endothelial cells that also stain by CD34 are
indicated by arrowheads (IHC, 20× magnification)

Histological evaluation
The most frequent type of lupus nephritis was
class IV (47.9%), and no case with class I lupus
nephritis was observed. Of the cases, 23.3%
were class II, 6.8% were class III, and 17.8% were
class V. Activity index analysis showed that the
most frequent score was 2 (12.3%). Score 1 was
seen in 9.6%, score 3 in 8.2%, score 4 in 9.6%,
score 5 in 6.8%, score 6 in 8.2%, score 7 in 6.8%,
score 8 in 5.5%, score 9 in 9.6%, score 10 in
6.8%, score 11 in 1.4%, score 12 in 5.5%, score
13 in 4.1%, score 14 in 2.7%, and score 15 in
2.7% of the patients. None of the patients had
a score ≥16. There was no difference between
male and female patients in activity index.
Maximum chronicity index was 9 (1.4%), the
minimum was 0 (5.5%), the most frequent index was index 2 (30.1%), and the least one was
index 6. None of the patients had score 7 or
higher.
CD34 expression was seen in all 73 (100%) cases. Of the cases, 29 (39.7%) were grade 1, 19
(26%) were grade 2, and 25 (34.2%) were grade
3 (Figure 1-3). Data analysis showed a significant relationship between CD34 expression
and activity index, as higher staining score
(grade 3, strong staining) for CD34 was seen in
activity indices <9, and none of the cases with
activity indices >10 showed a strong staining
pattern for CD34 (p=0.023) (Table 4).

Figure 2. Immunostaining of the kidney tissue with CD34 marker, showing moderate
staining density in interstitial cells (arrows).
Vascular endothelial cells that also stain by
CD34 are indicated by arrowheads (IHC, 20×
magnification)

However, no significant relationship was seen
between CD34 antigen expression and chronicity index (p=0.139). There was no significant
relationship between CD34 expression and
pathological class of lupus nephritis (p=0.552).

Discussion

Figure 3. Immunostaining of the kidney
tissue with CD34 marker, showing marked
(severe) staining density in interstitial cells (arrows). Vascular endothelial cells that also stain
by CD34 are indicated by arrowheads (IHC,
20× magnification)

Lupus nephritis is one of the most serious complications of SLE. There is no distinct method
for the early diagnosis and prediction of patients’ prognosis. Several studies have attempted to find new markers in addition to routine
histopathological evaluation in which CD34 is
one of the markers recently used for this purpose. Although some studies had encouraging
results, there are some others with equivocal
or controversial findings. In one study, angiogenesis factors in GN with different etiologies
consisting of lupus nephritis were examined
and showed that patients with more severe
nephrosclerosis exhibit lower expression of
CD34 in the tubulointerstitium (17). There are
few studies focusing purely on lupus nephritis.
Most of the recent studies on CD34 have eval-

uated the relationship between CD34 and GN
with etiologies other than SLE. Most of them
have shown different results. For example, in
one study, only 27% of the patients were CD34
positive (20), but another study showed 77%
positivity for CD34 (21). In addition, in one
study, 96.66% of the patients with interstitial
fibrosis were CD34 positive (22).
The relationship between CD34 expression and
activity indices was also explored previously,
but the results were not similar (21, 23). Some
studies have found no relationship, whereas
others have found a significant relationship between CD34 expression, disease activity, and
also prognosis in patients with various types of
GN, claiming that proliferative GN had higher
expression of CD34 than non-proliferative GN
and control groups. As previously mentioned,
most of these studies have evaluated various
GNs other than SLE, and data on lupus nephritis are inconclusive.
We found a significant relationship between
CD34 expression and activity index, as patients
with lower activity index had higher CD34 expression, suggesting that CD34 positive mesenchymal cells may have a protective role in
lupus nephritis.
The relationship between CD34 expression
and clinical and serological data was also studied in various types of GNs other than lupus
nephritis, but no significant relationship was
found (24).
We found a significant relationship between
CD34 expression, WBC count, and SBP, as patients with higher SBP and lower levels of WBC
count showed higher expressions of CD34,
which was a novel finding in this topic.
Data on the relationship between CD34 expression and disease chronicity are controversial. Some studies have found significant
relationships (either positive or negative) (17,
18), whereas others have shown no correlation
between them (21, 23). In the present study,
we did not find any significant relationship between chronicity index and CD34 expression
(p=0.139).
Overall, we found that CD34 was expressed
in all of our lupus nephritis samples. We also
found a reverse correlation between activity
index and CD34, as patients with higher and
stronger CD34 expression had lower activity index. We concluded that CD34 expression could
play a protective role, and a weak expression
of CD34 should raise the possibility of higher
activity index in lupus nephritis. We also found
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that patients with higher SBP and lower WBC
count showed a strong expression of CD34.
This was a novel finding in these patients that
has not been expressed before. Some studies
have shown that autologous transplantation
of CD34 positive cells can induce remission
and reduce severity of symptoms in lupus nephritis (25-27). Considering these findings, we
suggest that a thorough investigation of CD34
functions in the kidney may introduce new
methods in the treatment of patients presenting with active symptoms of renal involvement
during SLE.
Ethics Committee Approval: Ethics committee approval was received for this study from the Urmia University of Medical Sciences Ethical Committee.
Informed Consent: Written informed consent was obtained from all the patients who participated in this
study.

4.

5.

6.

7.

8.
9.

10.

Peer-review: Externally peer-reviewed.
Author Contributions: Concept - F.N.; Design - L.M.;
Supervision - F.N., A.A.; Materials - K.M.; Data Collection and/or Processing - L.M., F.H.G.; Analysis and/or
Interpretation - A.A., L.M.; Literature Review - F.H.G.,
K.M.; Writing Manuscript - L.M., A.A.; Critical Review
- L.M., F.N., A.A.
Conflict of Interest: The authors have no conflict of
interest to declare.
Financial Disclosure: This study was supported by research grant of Urmia University of Medical Sciences.

11.

12.

13.

14.

References
1.

2.

3.

Kashagarian M. Lupus nephritis. Pathology,
pathogenesis, clinical correlation and prognosis. In: Wallace DJ, Hahn BH. Dubois lupus erythematosus. 6th ed. Philadelphia: Lippincott
Williams & Wilkins; 2012.p.1061-75.
Cruz DP, Khamashta MA, Hughes GR. Systemic
lupus erythematosus. Lancet. 2007; 369: 587-96.
[CrossRef ]
Huong DL, Papo T, Beaufils H. Renal involvement in systemic lupus erythematosus. A study
of 180 patients from a single center. Medicine
(Baltimore) 2009; 78: 148-66. [CrossRef ]

15.

16.

17.

Braunwald E, Fauci J , Kasper B, Hauser J, Longo
G, Jameson C. In: Harrison principles of internal
medicine. 16th ed. New York: MacGraw-Hill;
2012.p.566-7.
Seshan VS, Jennette CJ. Renal disease in systemic lupus erythematosus with emphasis on
classification of lupus glomerulonephritis. Archpathol Lab Med 2009; 133: 233-8.
Cameron. In: Nielson EG, Cours WG. Immunologic renal disease. 2nd ed. Philadelphia: Lippincott-Raven; 2009.p.2057-104.
Lewis EJ, Schwartz MM, Korbet SM. Severe lupus nephritis: importance of re-evaluting the
histologic classification and the approach to
patient care. J Nephrol 2001; 14: 223-7.
Grande JP, Balow JE. Renal biopsy in lupus nephritis. Lupus 1998; 7: 611-7. [CrossRef ]
Schwartz MM, Lan SP, Bernstein J. Irreproducicility of the activity and chronicity indices limits
their utility in the management of lupus nephritis. Lupus Nephritis Collaborative Study Group.
Am J Kidney Dis. 2003; 21: 374-7. [CrossRef ]
Rosai J, Ackerman LV. In: Rosai and Ackerman’s
surgical pathology. 9th ed. Edinburgh: New
York: Mosby; 2011.p.1135-36.
Natukam Y, Rouse R, Zhu S. Immunoblot analysis
of CD34 expresion in histologically diverse neoplasms. Am J Pathol. 2000; 156: 21-7. [CrossRef ]
Fackler MJ, Krause DS, Smith OM, Civin CI, May
WS. Full-length but not truncated CD34 inhibits
hematopoietic cell differentiation of M1 cells.
Blood 1995; 85: 3040-7.
Healy L, May G, Gale K, Grosveld F, Greaves M,
Enver T. The stem cell antigen CD34 functions
as a regulator of hemopoietic cell adhesion.
Proc. Natl Acad Sci USA 1995;92: 12240-4.
[CrossRef ]
Salati S, Zini R, Bianchi E, Testa A, Mavilio F, Manfredini R. Role of CD34 antigen in myeloid differentiation of human hematopoietic progenitor
cells. Stem Cells 2008; 26: 950-9. [CrossRef ]
Nielsen J, McNagny K. Novel functions of the
CD34 family. J Cell Sci 2008; 121: 3683-92.
[CrossRef ]
Mackie A, Losordo D. CD34-positive stem cells:
in the treatment of heart and vascular disease in
human beings. Tex Heart Inst J 2011; 38: 474-85.
Shvetsov M, Ivanov A, Kuznetsova A, Popova O,
Rameeva A. Molecular factors of angiogenesis
in renal tissue of patients with chronic glomerulonephritis: association with nephrosclerosis
and anemia. Ter Arkh 2009; 81: 14-9.

Eur J Rheumatol 2018
18. Chebotareva N, Proppe D, Rudolf P, Kozlovskaia
L. Clinical significance of expression of the
smooth muscle actin-alpha and CD34 antigen
in mesangial cells in glomerulonephritis. Ter
Arkh 2002; 74: 27-31.
19. Jennette JC, Olson JL, Silva FG, D’Agati VD. In:
Heptinstall’s Pathology of the Kidney. 7th ed.
Philadelphia: Wolters Kluwer; 2015. p.559-71.
20. Gluhovschi C, Potencz E, Lazar E, Petrica L,
Bozdog G, Gadalean F, et al. CD34+ fibroblast-like
cells in the interstitial infiltrates in glomerulonephritis - an immunohistochemical observation.
Pol J Pathol 2012; 63: 267-71. [CrossRef ]
21. Gluhovschi C, Gluhovschi G, Potencz E, Herman
D, Petrica L, Velciov S, et al. What is the significance of CD34 immunostaining in the extraglomerular and intraglomerular mesangium?
Virchows Arch 2008; 453: 321-8. [CrossRef ]
22. Okon K, Szumera A, Kuzniewski M. Are CD34+
cells found in renal interstitial fibrosis? Am J
Nephrol 2003; 23: 409-14. [CrossRef ]
23. Gluhovschi C, Gluhovschi G, Potencz E, Herman
D, Trandafirescu V, Petrica L, et al. The endothelial cell markers von Willebrand Factor (vWF),
CD31 and CD34 are lost in glomerulonephritis
and no longer correlate with the morphological indices of glomerular sclerosis, interstitial
fibrosis, activity and chronicity. Folia Histochem
Cytobiol 2010; 48: 230-6. [CrossRef ]
24. Kremer Hovinga IC, Koopmans M, Baelde HJ,
van der Wal AM, Sijpkens YW, de Heer E, et al.
Chimerism occurs twice as often in lupus nephritis as in normal kidneys. Arthritis Rheum
2006; 54: 2944-50. [CrossRef ]
25. Su G, Luan Z, Wu F, Wang X, Tang X, Wu N, et
al. Long-term follow-up of autologous stem cell
transplantation for severe paediatric systemic
lupus erythematosus. Clin Rheumatol 2013; 32:
1727-34. [CrossRef ]
26. Alchi B, Jayne D, Labopin M, Demin A, Sergeevicheva V, Alexander T, et al. Autologous haematopoietic stem cell transplantation for systemic
lupus erythematosus: data from the European
Group for Blood and Marrow Transplantation
registry. Lupus 2013; 22: 245-53. [CrossRef ]
27. Marmont A, Gualandi F, van Lint M, Guastoni C,
Bacigalupo A. Long term complete remission
of severe nephrotic syndrome secondary to
diffuse global (IV-G) lupus nephritis following
autologous, haematopoietic peripheral stem
(CD34+) cell transplantation. Lupus 2006; 15:
44-6. [CrossRef ]

