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Summary 
Chemokine-like factor (CKLF)-like MARVEL transmembrane domain containing family member 6 (CMTM6), which is a key regulator of pro-
grammed death-1 (PD-1)/programmed death ligand-1 (PD-L1) signaling in patients with primary Sjögren’s syndrome (pSS). In this study, we 
analyzed the serum levels of CMTM6, PD-1, and PD-L1 in 50 patients with pSS, 42 patients with non-pSS (simply dry mouth and/or eyes symp-
toms) and 50 healthy controls (HC). The expression of CMTM6, PD-1, and PD-L1 in labial glands of the same 50 pSS patients and 42 non-pSS 
patients were assessed by immunohistochemistry (IHC). The clinical significance of CMTM6, PD-1, and PD-L1 were analyzed. We found that 
levels of CMTM6, PD-L1 as well as PD-1 in sera were all increased significantly in patients with pSS compared with non-pSS controls and HC. 
Serum CMTM6 level showed significantly correlation with PD-L1, PD-1, as well as clinical laboratory indicators and disease activity of pSS pa-
tients. CMTM6, PD-1, and PD-L1 expression in labial glands was also higher significantly in pSS patients than non-pSS controls. pSS patients 
with higher CM grade or ESSDAI score have higher CMTM6, PD-L1, and PD-1 expression in labial glands. These results suggest that CMTM6 
may affect peripheral tolerance and lymphocytes activation by PD-1/PD-L1 pathway in sera and target tissue in pSS.
Keywords: CMTM6, PD-1, PD-L1, Primary Sjögren’s syndrome
Abbreviations: CMTM6, Chemokine-like factor-like MARVEL transmembrane domain containing family member 6; PD-1, Programmed death-1; PD-L1, 
Programmed death ligand-1; pSS, primary Sjögren’s syndrome; non-pSS, non-primary Sjögren’s syndrome; HC, healthy controls; AECG, American-European 
Consensus Group; CM, Chisholm-Mason; EULAR, European league against rheumatism; ESSDAI, European league against rheumatism Sjögren’s Syndrome 
Disease Activity Index; IQR, interquartile range.

Introduction
Primary Sjögren’s syndrome (pSS) is a diffuse autoimmune 
disease characterized by dysfunction of the exocrine glands 
resulting in xerostomia and keratoconjunctivitis sicca [1, 2]. 
The abnormal activation of lymphocytes is crucial patho-
logical cause in the process of pSS. Typical pathological mani-
festations in pSS show overactivated and overproliferated 
lymphocytes infiltrating in inflammatory sites, which should 
be closely correlated with the tissue and multiple system 
damage [3].

As known, programmed death ligand 1 (PD-L1) is the 
major ligand of programmed death-1 (PD-1) in PD-1/PD-L1 
signaling which modulates immune cells activities [4]. Ligation 
of PD-L1/PD-1 inhibits lymphocyte activation, prolifer-
ation, and inflammatory cytokine production, participating 
in the regulation of central and peripheral tolerance [5–8]. 
Abnormal PD-1/PD-L1 signaling appears to be involved in 
a variety of autoimmune disorders, including systemic lupus 
erythematosus and rheumatoid arthritis [9, 10].

Chemokine-like factor (CKLF)-like MARVEL transmem-
brane domain containing family member (CMTM) 6 is a 

protein belonging to the CMTM superfamily [11], which is 
mainly expressed on the cell surface, involving in epigenetic 
regulation, embryonic development, as well as tumorigenesis 
[12, 13]. Previous studies have reported that CMTM6 regu-
lates PD-L1 expression by decreasing its ubiquitination and 
promoting protein half-life.

As far as we know, though previous studies have dem-
onstrated abnormal activation of PD-1/PD-L1 in pSS 
[14–16], no study has focused on the role of CMTM6 in 
pSS. In this study, we investigated the level of CMTM6 
in sera and its expression in labial glands in patients with 
pSS, aiming to explore the potential clinical significance of  
CMTM6.

Materials and methods
Samples
We enrolled 50 pSS patients according to 2002 revised criteria 
of the American-European Consensus Group (AECG) for pSS 
[17]. Schirmer’s test and salivary gland scintigraphy (SGS) test 
were used to determine dry eye and dry month respectively. 
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Forty-two patients with dry mouth and dry eyes not meeting 
the criteria of pSS (non-pSS controls).

Labial gland samples were obtained from the pSS patients 
and non-pSS contols. Peripheral blood samples were acquired 
from the 50 pSS patients, 42 non-SS controls as well as another 
50 healthy volunteers. All samples were initially diagnosed at 
the Department of Rheumatology and Immunology of the First 
Affiliated Hospital of China Medical University from August 
2019 to December 2020 without any treatment. Donors 
carrying other definitively diagnosed autoimmune diseases, in-
fectious disease, or tumor were excluded. All the patients and 
controls were informed and consented the study which was ap-
proved by the Medical Ethics Committee (No. 2019-216).

Labial gland biopsies were fixed in 10% buffered formalin 
and embedded in paraffin using the standard protocol. Six 
micron sections were processed through dewaxing, antigen 
retrieval, and blocking of endogenous peroxidase. Serum 
samples were obtained from all peripheral blood samples by 
means of centrifugation for 10 minutes, 400 g, room tempera-
ture, and were immediately stored at −80°C. Labial gland bi-
opsy specimens were calculated with Chisholm-Mason (CM) 
grade [18]. Disease activity was scored based on the European 
league against rheumatism (EULAR) Sjögren’s Syndrome 
Disease Activity Index (ESSDAI) [19].

Reagents
CMTM6 antibody (NBP1-31183) and CMTM6 human 
ELISA kit (NBP2-75298) were purchased from NOVUS; 
PD-1 antibody (66220-1-Ig), PD-L1 antibody (66248-1-Ig), 
CD8 antibody (66868-1-AP), CD20 antibody (24828-1-AP), 
and PD-L1 human ELISA kit (KE00074) were commercially 
from Proteintech; CD4 antibodies were purchased from 
Immunolway (YT0762); PD-1 human ELISA kit was bought 
from Invitrogen (BMS2214). Kit of Immunohistochemistry 
(IHC) and 3,3ʹ-Diaminobenzidine tetrahydrochloride (DAB) 
were from Maixin Biotechnologies (Fuzhou, China).

Salivary gland scintigraphy (SGS)
SGS is a dynamic scintigraphy performed after intravenous 
injection of 370 MBq (10 mCi) of 99mTc. After 20 minutes 
of injection, 100 mg vitamin C was administered to stimu-
late the salivary glands with acid. Total number and residual 
count were measured before and after collection. The time–
activity curves of bilateral parotid gland and submandibular 
gland were generated and region of interests (ROI) were 
drawn. On the basis of this ROI counts, uptake ratio (UR) 
and excretion fraction (EF%) were calculated for all salivary 
glands. The normal UR of parotid gland ranged from 1.48 
to 3.88‰, while that of submandibular gland ranged from 
1.72 to 3.38‰. The normal EF% range of the parotid gland 
was 74.18–87%, while the normal EF% range of the sub-
mandibular gland was 52.32–76.46%.

ELISA
Serum levels of CMTM6, PD-1, and PD-L1 were measured 
using commercially available ELISA kits. All steps were per-
formed in accordance with the instructions provided by the 
manufacturer of the kits.

Immunohistochemistry
The expression of PD-1, PD-L1, and CMTM6 in the labial 
gland tissue was examined by the IHC method. Tissues were 

incubated with primary antibody (CMTM6 antibody at 
1:300, PD-1 antibody at 1:100, PD-L1 antibody at 1:300, 
CD4 antibody at 1:100, CD8 antibody at 1:500, CD20 anti-
body at 1:50) overnight at 4°C, followed by secondary anti-
rabbit antibody (CMTM6, CD20) or anti-mouse antibody 
(PD-1, PD-L1, CD4, CD8) for 10 minutes at room tempera-
ture. DAB staining was performed after PBS wash and color 
was developed under microscope. Hematoxylin counter-
staining was performed followed by dehydrating, cover slip-
ping, and fixing tissues.

The expression of CMTM6, PD-L1, and PD-1 in labial 
gland was decided by IHC score system, which was calcu-
lated by the staining intensity and the percentage of positive 
cells. Specifically, the staining intensity was divided into four 
grades based on the color in the cells: no expression = 0 point; 
weak expression = 1 point; medium expression = 2 points; 
strong expression = 3 points. The percentage of positive cells 
was scored into four categories: positive cells ≤5% = 0 point, 
6–25% = 1 point, 26–50% = 2 points, 51–75% = 3 points, 
>75% = 4 points. Sum of above formula scores was used as 
the final staining score. ≥3 points was considered as positive 
expression, otherwise taken as negative expression.

Statistical analysis
Statistical analysis was performed using the SPSS 24.0 soft-
ware. Measurement data are expressed as mean ± standard 
deviation (X ± SD), and non-normally distributed data is rep-
resented by median and interquartile range (IQR). Student 
t-test or Mann–Whitney U-test was used between two groups. 
ANOVA or Kruscal–wallis test followed by Bonferroni cor-
rection was used among three groups. If there were signifi-
cant differences, Student t-test or Mann–Whitney U-test was 
used. Categorical variables were described as number (per-
centage), tested by Chi-square test and Bonferroni correction 
(among three groups). Correlation analysis was analyzed 
using Spearman or Pearson analysis. P < 0.05 was defined as 
statistically significant.

Results
Participants characteristics
The demographic and clinical characteristics of pSS patients, 
non-pSS, and HC were given in Tables 1 and 2. As given in the 
tables, there were no significant differences among the three 
groups for age and sex ratio. The CM grade is significant 
higher in pSS group than non- pSS group.

Levels of CMTM6, PD-1, and PD-L1 in sera
As shown in Fig. 1, there were significant differences for the 
serum levels of CMTM6, PD-L1, and PD-1 among pSS, non-
pSS controls, and HC (all P < 0.01). The three indicators were 
all increased significantly in patients with pSS when com-
pared with non-pSS controls and HC. Correlation analysis 
results showed significantly positive correlations between 
serum levels of CMTM6 and PD-L1 (r = 0.402, P = 0.004), 
CMTM6 and PD-1 (r = 0.297, P = 0.036), as well as PD-L1 
and PD-1 (r = 0.337, P = 0.017).

Correlations between serum CMTM6 and clinical 
indicators
Our results showed that the serum level of CMTM6 was 
negatively correlated with the number of lymphocytes, CD3+, 
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CD4+, CD8+T cells and positively correlated with the level of 
IgG, ESR, and ESSDAI scores. PD-1 and PD-L1 both showed 
the similar correlation relationship with the clinical indicators 
as CMTM6 (Table 3).

The expression of CMTM6 and PD-L1/PD-1 in labial 
gland tissue
It has been demonstrated that PD-L1/PD-1 activation plays 
an important role in lymphocytes infiltration in labial gland 
tissues of pSS. We then explored the CMTM6, PD-L1, and 
PD-1 expression in labial gland tissues of pSS patients and 
non-pSS controls. IHC results showed CMTM6 and PD-L1 

were primarily expressed on epithelial cells of dual, but PD-1 
was more frequently expressed on infiltrating lymphocytes 
(Fig. 2). Our results showed that positive expression rates of 
CMTM6, PD-L1 as well as PD-1 were significantly higher in 
pSS patients than non-pSS controls (Table 4).

Furthermore, we determined whether the expression of 
CMTM6, PD-1, and PD-L1 in the labial gland correlated 
with the CM grade and ESSDAI scores. Our results showed 
that patients with higher CM grades and ESSDAI scores had 
higher CMTM6 expression. For PD-1 and PD-L1, signifi-
cant differences only found between the CM grade = 3 group 
and grade = 4 group, and between ESSDAI (5–13) group and 
ESSDAI (>=14) group (Fig. 3).

Table 1. Participants’ characteristics

 HC
(n = 50) 

pSS
(n = 50) 

non-pSS
(n = 42) 

P 

Age,years,median(range) 52 (29–72) 56 (21–75) 53 (32–74) ns
Sex,women/men 40:10 40:10 36:6 ns
 Disease duration, M[Q1,Q3], years - 1 [0.50, 3] 1 [0.50, 2.50] ns
Schirmer’s test, mm/5 min - 2 [0.25, 3.75] 10.5 [8, 12.5] <0.001
Anti-Ro/SSA positivity, n (%) - 42 (84%) 7 (16.7%) <0.001
Anti-La/SSB positivity, n (%) - 16 (32%) 0 (0%) <0.001
WBC (X ± SD,109/l) 5.91 ± 1.52 5.34 ± 1.67 5.79 ± 1.43 ns
HGB (X ± SD, g/l) 131.77 ± 10.31 123.12 ± 11.24 129.46 ± 12.57 0.012
LY (X ± SD, 109/l) 1.32 ± 0.23 1.41 ± 0.34 1.30 ± 0.26 ns
CD3+T cell (X ± SD, 106/l) - 870.98 ± 229.16 850.24 ± 214.57 ns
CD4+T cell (X ± SD, 106/l) - 499.34 ± 139.28 474.41 ± 139.60 ns
CD8+T cell (X ± SD, 106/l) - 326.04 ± 100.77 319.1 ± 107.61 ns
ESR (M[Q1, Q3], mm/h) - 24 [11, 50] 12 [8, 17] <0.001
IgG (M[Q1, Q3], g/l) - 18.13 [12.94, 23.01] 12.57 [8.66, 16.41] <0.001
IgA (M[Q1,Q3], g/l) - 2.84 [1.99, 3.82] 1.87 [1.05, 2.79] <0.001
IgM (M[Q1,Q3], g/l) - 1.18 [0.85, 1.60] 1.08 [0.69, 1.15] 0.005
IL-6 (pg/ml) - 27.25 ± 32.51 5.01 ± 1.69 <0.001
TNF-α (pg/ml) - 22.71 ± 20.28 13.98 ± 4.77 0.005
CM grade, median (range) - 4(1–4) 0 (0–2) <0.001
ESSDAI, median (range) - 9 (3–23) - -

Data are presented as mean (SD), median (IQR), number (percent) and median (range).
CM grade, Chisholm-Mason grade; ESSDAI, EULAR Sjögren’s syndrome disease activity index; ESR, erythrocyte sedimentation rate; LY, lymphocyte; ns, 
not statistical significant.

Table 2. Salivary gland scintigraphy findings between pSS and non-pSS group

 pSS (n = 50) non-pSS (n = 42) P 

Abnormal SGS, n (%) 37 (74%) 8 (19%) <0.001
UR(‰)
  Right parotid gland 0.75 [0, 1.52] 1.85 ± 0.56 <0.001
  Left parotid gland 0.62 [0, 1.49] 1.78 ± 0.47 <0.001
  Right submandibular gland 0.65 [0, 1.74] 2.14 ± 0.50 <0.001
  Left submandibular gland 0.58 [0, 1.73] 2.03 ± 0.51 <0.001
EF%
  Right parotid gland 42.13 [0, 74.52] 79.95 ± 7.21 <0.001
  Left parotid gland 40.55 [0, 74.29] 77.13 ± 6.31 <0.001
  Right submandibular gland 28.77 [0, 52.62] 59.98 ± 8.37 <0.001
  Left submandibular gland 25.98 [0, 53.11] 58.55 ± 7.63 <0.001

Data are presented as mean (SD), median (IQR) and number (percent).
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Discussion
In this study, we reported significantly increased peripheral 
CMTM6 level and up-regulated expression of CMTM6 in la-
bial glands in pSS patients. Our results also showed significant 
positive correlation between CMTM6 and ESSDAI scores either 
at the serum level or labial glands expression in pSS patients.

Dysfunction of the salivary glands and lymphocytes 
abnormal activation is a prominent feature of immune 

abnormalities in pSS patients. It was reported that PD-1 was 
overexpressed on T and B lymphocytes, while PD-L1 was 
highly expressed on epithelial cells in patients with pSS [14–
16, 20]. Because PD-L1/PD-1 signaling plays negative regula-
tory role in autoimmune reaction, it is believed that increased 
PD-L1/PD-1 might restrict active CD4+T, CD8+T cells, or B 
cells through exhaustion of PD-1+ T cells or B cells to limit 
inflammation and tissue damages [21–23].

Fig. 1 Expression level of serum CMTM6, PD-L1, and PD-1 in pSS patients, non-pSS and HC. (A) Serum CMTM6 levels were significantly higher in 
pSS patients (257.04 [123.22, 704.41] pg/ml) compared to those in HC (65.02 [29.59, 121.35] pg/ml). (B) Serum PD-L1 levels in HC (86.51 ± 29.26 pg/
ml) were also decreased than those in pSS patients (248.94 ± 114.73 pg/ml). (C) Serum PD-1 levels in HC (64.35 ± 26.33 pg/ml) were lower than those 
in pSS patients (93.72 [58.83, 153.62] pg/ml). (D–E) Correlation between CMTM6 and PD-L1 level (r = 0.402, P = 0.004) and correlation between PD-1 
and PD-L1 level (r = 0.337, P = 0.017). Results are presented as the mean (SD) and median (IQR). Mann–Whitney U-test and Student t-test; Spearman 
Correlation. ∗∗P < 0.01, ∗∗∗P < 0.001, ns: not statistical significant.

Table 3. Correlations between serum CMTM6, PD-L1, and PD-1 levels and clinical parameters

 CMTM6 PD-L1 PD-1

r P r P r P 

LY (X ± SD, 109/l) −0.341 0.015 −0.295 0.038 −0.318 0.024
CD3+T cell (X ± SD, 109/l) −0.397 0.004 −0.239 0.094 −0.358 0.011
CD4+T cell (X ± SD, 109/l) −0.350 0.013 −0.148 0.304 −0.355 0.018
CD8+T cell (X ± SD, 109/l) −0.349 0.013 −0.312 0.027 −0.438 0.001
IgG (g/l) 0.349 0.013 0.359 0.010 0.44 0.001
IgA (g/l) 0.187 0.194 0.142 0.325 0.345 0.014
IgM (g/l) −0.167 0.246 0.186 0.195 0.022 0.878
ESR (mm/h) 0.359 0.010 0.351 0.013 0.319 0.024
ESSDAI 0.386 0.006 0.315 0.026 0.335 0.017

Spearman Correlation and Person Correlation were used to access P value.
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CMTM6, which was reported to regulate PD-L1 expression 
in tumor cells by reducing PD-L1 ubiquitination, has been 
shown important roles in inhibiting CD8+T cell activation in 
tumor. To our knowledge, it is the first time that CMTM6 is 
focused on in autoimmune diseases. Our findings showed sig-
nificantly increased serum CMTM6 levels, which were posi-
tively correlated with PD-L1, PD-1 and disease activity index 
in pSS.

Fig. 2 Immunohistochemical staining(brown) of B, T Cells marker, CD20 (A), CD4 (B), and CD8 (C) in infiltrating cells and CMTM6 (D), PD-L1 (E), PD-1 
(F) expression in minor salivary gland pSS patients (right) and non-pSS patients (left). Boxed areas represented the sites of the zoomed -in images in the 
right. All sections are shown at 200× (left) and 400× (right) magnifications. (A–C) The expressions of CD20, CD4, and CD8 in the minor salivary glands 
of pSS patients and non-pSS controls. (D) The expressions of CMTM6 tended to highly expressed on dual cells both in pSS and non-pSS and CMTM6 
showed much stronger expression in ductal epithelial cells around periphery of lymphocytic foci of pSS patients. (E) The PD-L1 preotein expressed both 
in epithelia cells and periphery of lymphocytic foci as well as had higher expression in the glands of pSS patients. (F) The PD-1 strongly expressed in 
lymphocytic foci and showed higher expression in the glands of pSS. The PD-1-positve staining cells also located in the sites with CD20, CD4, and CD8-
positive staining sites.

Table 4. CMTM6, PD-L1, and PD-1 expression on labial gland

 pSS Non-pSS P 

CMTM6 positive 38 (76%) 9 (21.4%) <0.001
PD-L1 positive 35 (70%) 13 (31%) <0.001
PD-1 positive 32 (64%) 14 (33.3%) 0.004

Chi-square test.
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To explore the local role of CMTM6, we compared its 
expression in labial glands between pSS patients and those 
with simply dry mouth who did not meet the criteria of pSS. 
IHC results showed CMTM6 and PD-L1 were primarily 
expressed on epithelial cells, whereas PD-1 was more fre-
quently expressed on infiltrating lymphocytes and IHC 
results showed CD4+ T cells, CD8+ T cells, and B cells in 
lymphocyte infiltrating area of labial gland tissue are posi-
tively expressed. In addition, the expression of CMTM6 and 
PD-L1/PD-1 in the labial gland had significantly positive 
correlation with CM grades and ESSDAI scores in pSS pa-
tients. Given that the inhibiting role of PD-1/PD-L1 signaling 
pathway on the continuous activation and proliferation of 
lymphocytes, we think the increased CMTM6 has the po-
tential compensatory and protective effect in the local labial 
glands of patients with pSS.

In summary, our work provides clues that CMTM6 may af-
fect peripheral tolerance and lymphocytes activation by PD-1/
PD-L1 inhibitory functions in sera and target tissue in pSS. 
The significant correlation between CMTM6 and diseased 
activity also suggests its potential role of reflecting disease ac-
tivity. CMTM6 may be an important up-stream player and 
therapeutic target in pSS. It is worth to further study on how 
CMTM6 affects the development of pSS.
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