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Systemic sclerosis (SSc) is a kind of collagen disease and has an acquired autoimmune activation 
as represented by the production of autoantibodies. CD27 is a type I glycoprotein and a member 
of the tumor necrosis factor receptor family. It binds to the CD70 ligand, CD27-CD70 signaling 
is implicated in the development of various autoimmune diseases, but its role in the regulation 
of extracellular matrix expression and its contribution to the phenotype of SSc both remain to be 
elucidated. This study aimed to investigate the associations between CD27 and SSc in the skins 
and sera. Immunohistochemistry were performed to determine the expression of CD27 in the skin. 
Enzyme-linked immunosorbent assays were done to the sera of the 54 patients with SSc and 23 
normal healthy controls. CD27 expression was significantly increased in the affected regions of 
the skin and the sera of patients of SSc. Thereafter, we evaluated the correlation between the serum 
soluble CD27 (sCD27) levels and the clinical symptoms. The study subjects with increased sCD27 
levels had a significantly higher ratio of dcSSc and to showed higher modified Rodnan's total skin 
thickness scores (mRSS) than those with normal sCD27 levels. These results suggest that sCD27 
levels might be useful for diagnosis of SSc and its severity.

1. Introduction

Systemic sclerosis (SSc) is an acquired autoimmune 
disorder, characterized by microvascular damage and 
excessive fibrosis of the skin and various internal 
organs. Based on the extent of skin fibrosis and the 
pattern of internal organ involvement, patients with 
SSc are commonly classified into either the diffuse 
cutaneous SSc (dcSSc) subset or the limited cutaneous 
SSc (lcSSc) subset (1). Although the pathogenesis of 
the disease is unclear, the clinical and pathological 
manifestations of SSc have been characterized as 
abnormalities in the innate and adaptive immune system 
that lead to the production of autoantibodies and cell-
leading to the accumulation of excessive collagen and 
other extracellular matrices in the skin, blood vessels, 
and internal organs (2). Fibrosis is a major contributor to 
the high level of morbidity and mortality in SSc patients, 
and it is believed that the expression levels of pro-
inflammatory chemokines, cytokines, and connective 
tissue growth factors are elevated, which leads to the 
activation of fibroblasts and the abnormal accumulation 
of the extracellular matrix. This results in progressive 
endothelial damage, edema, and sclerosis of the skin (3).

 CD27 is a type I glycoprotein that is expressed 
on the majority of T cells and some B cells, and 
it is a member of the tumor necrosis factor (TNF) 
receptor family with unique cysteine-rich motifs (4). 
In subsequent studies, it was revealed that CD27 is 
expressed on CD4 and CD8 T lymphocytes, NK cells, 
and hematopoietic stem cells (5,6). The activation of 
T cells can also lead to the shedding of CD27 from the 
cell surface, resulting in the secretion of soluble CD27 
(sCD27) (7). On the contrary, CD27 is not expressed 
by naïve B lymphocytes, but is upregulated in activated 
and antigen-experienced B lymphocytes (8). CD27 is 
also uniformly found on memory B cells (9). It binds 
to the ligand CD70 and transduces signals that lead to 
the activation of nuclear factor-kappa B (NF-κB) and 
mitogen-activated protein kinase 8 (MAPK) / c-jun 
N-terminal kinase(JNK). Adaptor proteins, such as TNF 
receptor-associated factor (TRAF) 2 and TRAF5, which 
have been shown to mediate the signaling process of 
this receptor. The CD27-binding protein (SIVA), a 
pro-apoptotic protein, can bind to this receptor, and 
then regulates many cellular processes, including cell 
proliferation, differentiation, and survival (10,11). Thus, 
a key biological role for the interactions of CD27-CD70 
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in T cell priming and in the subsequent promotion of 
their survival, which results in the formation of effector 
and memory T cells, has been well documented (12,13). 
In the B cell compartment, CD27-CD70 interactions are 
important for T cell-dependent antibody production by 
promoting B cell activation, germinal center formation, 
expansion of B cells, and differentiation into plasma 
cells, and by enhancing immunoglobulin production 
(14-16). However, the involvement of CD27 in the 
pathogenesis of SSc remains unknown.
 In this study, we examined the expression of CD27 
in the skin of SSc patients by immunohistochemistry. 
The amount of CD27 was measured in dcSSc, lcSSc 
patients and healthy controls. Furthermore, we 
examined the serum levels of sCD27 in SSc patients 
by enzyme-linked immunosorbent assay (ELISA). We 
evaluated the correlation between the serum sCD27 
levels and clinical symptoms in patients with SSc.

2. Materials and Methods

2.1. Patients

The study was approved by the Ethical Committee of 
the Kumamoto University School of Medicine and 
was carried out according to the guidelines set by the 
Institutional Review Board. We obtained tissue samples 
from 8 patients with SSc and serum samples from 54 
patients with SSc. All patients with SSc fulfilled the 
new criteria proposed by the American College of 
Rheumatology/European League against Rheumatism 
(17), and were grouped according to the classification 
system proposed by LeRoy et al. (18). Of the 8 patients, 
5 patients had diffuse cutaneous SSc (dcSSc), and 3 
patients had limited cutaneous SSc (lcSSc), as described 
above. Skin biopsy specimens for the SSc patients 
were obtained from the involved skin. Control skin 
samples were obtained from the routinely discarded 
skin of healthy human subjects undergoing skin grafts. 
The samples were fixed in formalin immediately after 
removal and were then embedded in paraffin. On the 
contrary, the serum samples were obtained from 23 
patients with dcSSc and 31 patients with lcSSc. Control 
serum samples were also collected from 18 healthy age- 
and sex-matched volunteers. All serum samples were 
stored at −80°C prior to use.
 Institutional review board approval and written 
informed consent were obtained before the patients and 
healthy volunteers entered in this study, according to 
the Declaration of Helsinki.

2.2. Immunohistochemical (IHC) staining and IHC 
evaluation

Immunohistochemical analysis was performed on 
4μm sections of formalin-fixed, paraffin-embedded 
tissue. The sections were deparaffinized with Clear 

Plus® (Falma, Tokyo, Japan) and were subsequently 
rehydrated with ethanol. Antigen retrieval was 
performed in a microwave oven with a citric acid 
(pH 6.0) buffer. Endogenous peroxidase activity was 
blocked by incubation with 1.0% hydrogen peroxidase. 
After the addition of normal goat serum (FUJIFILM 
Wako Pure Chemical, Osaka, Japan), a monoclonal 
rabbit anti-CD27 antibody (Abcam, Cambridge, UK) 
(1:250 dilution) was used as the primary antibody, 
and tissue samples were incubated with this antibody 
overnight at 4°C. These sections were further incubated 
with Histofine® Simple Stain MAX-PO(R) (Nichirei 
Biosciences, Tokyo, Japan) for 30 min. Finally, the 
chromogen was 3,3′-diaminobenzidine, and the sections 
were counterstained with Mayer's hematoxylin to 
facilitate the recognition of structures.

2.3. Soluble CD27 measurement

Serum levels of sCD27 were measured with a specific 
ELISA kit (Human CD27/, Abnova, Taipei, Taiwan). 
Briefly, human CD27 capture antibodies were precoated 
onto microtiter wells. Aliquots of serum were added 
to each well, followed by the peroxidase-conjugated 
antibodies for CD27. The color was developed with 
hydrogen peroxidase and tetramethylbenzidine 
peroxidase, and the absorbance at 450 nm was 
measured. Wavelength correction was performed based 
on the absorbance of a blank well at 450 nm. The 
concentration of sCD27 in each sample was determined 
by interpolation from a standard curve.

2.4. Statistical analysis

Statistical analysis was carried out with the Mann-
Whitney test for the comparison of the median, and 
Fisher's exact probability test was used for the analysis 
of the frequency. A p value of less than 0.05 was 
considered significant.

3. Results and Discussion

3.1. Abundant expression of CD27-positive lymphocytes 
in the skin of SSc patients

First, we attempted to evaluate the expression pattern 
of CD27 in the involved skin of SSc patients. Skin 
tissue samples were obtained from 5 patients with 
dcSSc and 3 with lcSSc. The immunohistochemistry 
of CD27 was examined in the skin tissues from 
patients with dcSSc and lcSSc. CD27 was found on the 
surface of lymphocytes around the capillaries in the 
reticular dermis. Both lymphocytes and CD27-positive 
lymphocytes were more abundant in the skin of patients 
with dcSSc (Figure 1A and 1B). Then, the ratio of 
CD27-positive lymphocytes to overall lymphocytes 
was calculated for each of five high-power fields, 
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3.2. Elevated soluble CD27 levels in the sera of SSc 
patients

Next, we examined the expression of sCD27 in serum 
by sandwich ELISA, as described in the methods 
section. Serum samples were obtained from 54 patients 
with SSc (23 dcSSc and 31 lcSSc). Samples were also 
obtained from 18 healthy control subjects. The serum 
levels of sCD27 in patients with dcSSc and lcSSc and 
in the healthy control subjects are shown in Figure 3. 
Patients with dcSSc had significantly higher sCD27 
levels than those with lcSSc (4,319 ± 1,701 pg/mL vs. 
3,305 ± 1,189 pg/mL, p < 0.05). Additionally, the lcSSc 
patients had significantly higher sCD27 levels than the 
healthy controls did (3,305 ± 1,189 pg/mL vs. 1,781 ± 
593 pg/mL, p < 0.05). These results suggest that CD27 
is also activated in the sera of SSc patients, particularly 
in those of dcSSc.

3.3. Systemic activation of CD27 in SSc patients

According to our results as described above, CD27 was 
activated not only in the skin tissues of patients with 
SSc, but also in the sera of patients with SSc. These 
results suggest that the systemic activation of CD27 
is associated with the pathogenesis of SSc. In SLE 
patients, Font J et al. reported that the serum levels 
of sCD27 were elevated and correlated with disease 
activity measures (20). However, the efficacy of CD27 
as a biomarker for the diagnosis or prognosis prediction 
of SSc is still unknown.

respectively. The ratios of CD27-positive cells were 
significantly higher in the skin of the dcSSc patients 
than in the lcSSc patients (32.2% vs. 19.7%, p < 0.05), 
as shown in Figure 2. Jacobi AM et al. reported that 
CD27-positive plasma cells were elevated in the PBMC 
of patients with SLE (19). However, whether CD27 is 
involved in the pathogenesis of skin sclerosis in SSc 
patients remains to be elucidated. Our results suggest 
that CD27 is activated in the skins of dcSSc patients 
and may be useful for the diagnosis.

Figure 1. Abundant expression of CD27-positive lymphocytes in 
the skin of SSc patients. Paraffin sections were subjected to the 
immunohistochemical analyses. Both the lymphocytes and CD27-
positive lymphocytes were abundant in the skin of patients with 
dcSSc (A,C) compared to lcSSc (B,D). Black arrow indicates CD27-
positive cells in high-power fields. It shows at Low-power field (× 
100) (A,C) and high-power field (×200) (B, D).

Figure 2. High ratios of CD27-positive lymphocytes in dcSSc 
patients. The samples were prepared from skin tissues obtained from 
patients with dcSSc (n = 5) and those with lcSSc (n = 3). The ratio of 
CD27-positive cells to overall lymphocytes was calculated for each of 
the five high-power fields from each sample, respectively. The ratios 
of CD27-positive cells in dcSSc patients were significantly higher than 
those in lcSSc patients (32.2% vs. 19.7%). Bars indicate means (SD). 
p values less than 0.05 are interpreted as significant.

Figure 3. Elevated soluble CD27 levels in the sera of SSc patients. 
Serum CD27 levels were measured with ELISA kits. Patients with 
dcSSc had significantly higher sCD27 levels than the patients with 
lcSSc (4,464 pg/mL vs. 3,305 pg/mL, p < 0.05). Additionally, the 
lcSSc patients had significantly higher sCD27 levels than the healthy 
controls did (3,305 pg/mL vs. 1,781 pg/mL, p < 0.05). Bars show 
means (SD). p values less than 0.05 are interpreted as significant.
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 Then, we evaluated the correlation between sCD27 
and the clinical symptoms. We divided the SSc patients 
into two groups. The increased sCD27 group was 
defined as having much higher sCD27 levels than 
the mean + 2SD of the healthy controls, while the 
normal sCD27 group was defined as having less than 
the mean + 2SD. The ratio of the dcSSc patients and 
modified Rodnan's total skin thickness scores (mRSS) 
were statistically significantly higher in the increased 
sCD27 group, whereas the number of patients with 
calcinosis was larger in normal sCD27 group. There 
were no statistically significant differences in the sex, 
age of onset, disease duration, other clinical symptoms, 
or organ involvement (Table 1). These results were 
consistent with those of the immunohistochemical 
analysis of the skin tissues and suggested that CD27 
could play a key role in skin fibrosis.
 CD27-CD70 is co-stimulatory molecule, the 
signaling of which leads to the activation of T cells 
and B cells and induces the proliferation of plasma 
cells and the production of immunoglobulin G (21). 
Furthermore, CD27-CD70 signaling is considered to 
trigger the pathophysiology of autoimmune diseases. In 
SSc patients, Jiang H, et al. reported that the proportion 
of CD4+ T cells expressing CD70 was significantly 
increased compared to the controls (22). CD70 
was significantly more expressed in CD4 T cells of 
patients with RA than in those of age-matched healthy 
controls (23). Oflazoglu E, et al. reported the efficacy 
of treatment of collagen-induced arthritis (CIA) with 
an anti-CD70 antibody in a murine model. Treatment 

with an anti-CD70 antibody, both before onset and 
after established disease in a CIA model resulted in 
significant improvements in the disease activity and 
reduction in the production of autoantibodies (24). 
However, it remains to be seen whether a therapeutic 
blockade of CD70 might be a useful approach for the 
treatment of RA or other inflammatory arthritides, 
or whether CD27-CD70 signaling is involved in the 
pathogenesis of SSc. Clinical trials of an anti-CD70 
antibody for the treatment of malignant tumours 
have been ongoing. Similarly, inhibition of CD27-70 
signaling might be a target for the treatment of SSc.
 In conclusion, the CD27 expression levels in skin 
tissues and sCD27 levels in serum samples are useful 
as diagnostic markers for SSc. Furthermore, they have 
the possibility of being markers for the disease activity 
or for the prediction of the response to treatment for 
SSc. In this study, only a small number of patients were 
evaluated, due to the rarity of SSc; large-scale studies 
on CD27 and CD70 in patients with SSc should be 
conducted in the future.
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