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Background: According to recent clinical observations, deficient DNA mismatch repair 

(dMMR) is capable of improving antitumor effects of the PD-1/PD-L1 pathway, suggesting 

that dMMR may act as a prognostic indicator of PD-1/PD-L1 antibody drugs. In this study, 

we examined the dMMR and PD-1/PD-L1 expression, as well as explored the correlation of 

dMMR status with PD-1/PD-L1 expression in cervical cancer patients, in order to optimize 

cervical cancer patient selection for PD-1/PD-L1 antibody drug treatment, which is helpful to 

avoid adverse effects and keep costs manageable.

Methods: Sixty-six tissue samples from patients with squamous cell carcinoma were collected, 

and data of their clinical characteristics were also gathered. Based on these samples, the expres-

sion levels of MLH1, MSH2, and PD-L1 in cancer cells were tested by immunohistochemical 

assay (IHC). Moreover, PD-1/PD-L1 expression in tumor-invading lymphocytes (TILs) was 

detected by IHC as well. Six single-nucleotide-repeat markers of microsatellite instability (MSI), 

including NR-27, MONO-27, BAT-25, NR-24, NR-21, and BAT-26, were tested by capillary 

electrophoresis sequencer analysis. According to expression of MLH1, MSH2 and the MSI test, 

all 66 cases were divided into dMMR or proficient DNA mismatch repair (pMMR) groups. The 

comparisons of dMMR and PD-L1 in cancer cells and of PD-1/PD-L1 in TILs were conducted 

categorized by age, childbearing history, history of abortion, ethnicity, and cancer cell differ-

entiation subgroup. Furthermore, PD-L1 levels in cancer cells and PD-1/PD-L1 in TILs were 

analyzed and compared in both dMMR and pMMR subgroups. 

Results: Of the patient samples, 25.8% were associated with dMMR. PD-L1 in cancer cells, 

PD-L1 in TILs, and PD-1 in TILs took up 59.1%, 47.0%, and 60.6%, respectively. The data 

indicated that both dMMR and PD-L1 overexpression resulted from lower cancer differentia-

tion, more incidences of childbearing, and a history of abortion. Abortion could significantly 

increase PD-1 expression levels in TILs. Additionally, more incidence of childbearing or older 

age (35–55 years) was able to upregulate PD-L1 expression in TILs. Statistical difference of 

PD-L1 in cancer cells could be observed between dMMR and pMMR subgroups. In the dMMR 

group, PD-L1 in cancer cells and PD-1 in TILs had no correlation (r
s
=0.161, p=0.537), but in 

the pMMR group, they had good correlation (r
s
=0.645, p<0.001).

Conclusion: According to prior studies and our own experiments, PD-L1 in both cancer cells 

and TILs and PD-1 in TILs are widely observed in cervical cancer patients, indicating that there 

may be potential to apply PD-1/PD-L1 antibody drugs in cervical cancer. dMMR patients are 

associated with higher PD-L1 expression compared with pMMR ones, which suggested that 

PD-1/PD-L1 antibody drugs may work well in dMMR cervical cancer patients. Moreover, in 

patients with more incidences of childbearing or abortion, dMMR may be a molecular detection 

target for clinical application of PD-1/PD-L1 antibody drugs.

Keywords: programmed cell death 1, programmed cell death 1 ligand 1, DNA mismatch repair 

system, cervical cancer
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Introduction
PD-1/PD-L1, including PD-1 in lymphocyte and PD-L1 in 

tumor cell, dendritic lymphocyte, and placenta cell, etc, also 

called the tumor immune checkpoint, plays critical roles in 

human immune regulation pathways. PD1/PD-L1 represents 

an adaptive immune resistance mechanism by providing 

inhibitory signals, such as T cell inactivation and inhibition.1

The DNA mismatch repair (MMR) system is coded by 

MMR genes and has a series of specific proteins. This system 

is able to keep DNA replication fidelity by maintaining genetic 

integrity and stability, and avoiding replication mutations. 

MMR consists of six core proteins, such as MSH2, MLH1, 

MSH3, MSH6, PMSH1, and PMSH2. Among these, MLH1 

and MSH2 play leading and dominant roles.2,3 Deficient MMR 

(dMMR) is the status when MMR proteins are deficient or 

biologically malfunction. Another MMR subgroup is profi-

cient MMR (pMMR), a counterpart phenomenon in which the 

patient has normal and biological function MMR expression. In 

the clinic, MMR proteins were tested by immunohistochemis-

try assay (IHC). The biological functions of MMR, including 

microsatellite instability (MSI) and microsatellite stability 

(MSS), were analyzed by polymerase chain reaction (PCR). 

Prior studies identified that dMMR is able to improve the 

antitumor efficacy of PD-1/PD-L1 antibody drugs, which 

suggested that dMMR may be the first prognostic indicator 

of PD-1/PD-L1 antibody drugs.4–7 PD-1/PD-L1 antibody 

drugs have already exhibited efficacy in treating melanoma, 

non-small cell lung cancer, and colorectal cancer, etc. Immu-

notherapy options like PD-1/PD-L1 antibody drugs are start-

ing to be explored in cervical cancer, and therefore PD-1/

PD-L1 antibody drugs are regarded as a potential strategy for 

cervical cancer patients.8 Due to MMR being implicated in 

the PD-1/PD-L1 regulations, we thus hypothesize that MMR 

may have clinical value to regulate PD-1/PD-L1 pathways in 

cervical cancer. In this study, to optimize patient selection 

for PD-1/PD-L1 antibody drugs, we assessed the association 

between PD-1/PD-L1 and MMR in cervical cancer.9

Materials and methods
Sample source
Sixty-six tissue samples of squamous cell carcinoma patients 

from the Tumor Hospital Affiliated to Xinjiang Medical Uni-

versity were collected, among them 36 were Uygur women 

and 30 were Han women. Along with the tumor paraffin 

specimens, clinical characteristics were also collected. Every 

paraffin specimen contained five pathological tissue sections. 

Meanwhile, normal tissue and tumor tissue samples for PCR 

were also collected. The Ethics Committee of The Tumor 

Hospital Affiliated to Xinjiang Medical University approved 

the study and the consent procedure. Written informed con-

sent was obtained from all subjects before the study.

Immunohistochemistry
Experimental operation
Monoclonal antibodies of MLH1, MSH2, PD-L1, and PD-1 

were bought from Golden Bridge Biotechnology Co. Ltd 

(Beijing, People’s Republic of China). H&E staining was 

used to assess the pathological slices. 

The detection method was IHC streptavidin-perosidase 

and diaminobenzidine chromogenic detection. All slices 

were produced using the following procedures: dewaxing, 

rehydration, washing in xylene, ethanol, steamed classifica-

tion, boiling water to wash, dissolving endogenous peroxide 

physical activity by incubation with 3% H
2
O

2
, antigen repair, 

and dyeing. Phosphate-buffered saline (PBS), rather than the 

first antibody, was the negative control; the previous positive 

specimen was the positive control.

Result criterion
MLH1 and MSH2 proteins stained in the nucleus. We 

selected 10 horizon at high magnification and calculated 

the proportion of positive cells; positive cell criterion is in 

the nucleus appear tan particles and loss of nucleus staining 

means lacking expression of the proteins. For PD-L1 expres-

sion in cancer cells, we chose the nests of cervical cancer 

including more than 100 cancer cells and then calculated 

the  proportion of positive cells (10% or less was negative, 

between 10% and 50% was positive, more than 50% was 

strong positive); positive criterion is in the cytomembrane and 

cytoplasm or both at the same time appeared tan particles. 

For PD-L1 and PD-1 protein expression in tumor-invading 

 lymphocytes (TILs), we selected 10 horizon at high magni-

fication and calculated the proportion of positive cells (10% 

or less was negative, more than 10% was positive); positive 

criterion is in the cytomembrane and cytoplasm or both at the 

same time appeared tan particles. Expression of MLH1 and 

MSH2 in cancer cells is shown in Figure 1(A–D), PD-L1 in 

cervical cancer cells in Figure 1(E–F), PD-1 in TILs in Figure 

1(G–H), and PD-L1 in TILs in Figure 1(I–J). 

MSI test
Experiment operation
1) Normal tissue and tumor tissue samples from 66 patients 

were collected, and DNA from every sample was extracted; 

2) the predefined nucleotide site was amplified by multiple 

fluorescent PCR, and six single-nucleotide-repeat markers 
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Figure 1 Expression of MLH1, MSH2, PD-L1, and PD-1 (100× amplification). 
Notes: Negative (A) and positive (B) expression of MLH1 in cervical cancer cells. Negative (C) and positive (D) expression of MSH2 in cervical cancer cells. Negative (E) and 
positive (F) expression of PD-L1 in cervical cancer cells. Negative (G) and positive (H) expression of PD-1 in TILs. Negative (I) and positive (J) expression of PD-L1 in TILs.
Abbreviation: TIL, tumor-invading lymphocyte.
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of the nucleotide site, including NR-27, MONO-27, BAT-

25, NR-24, NR-21, and BAT-26, were tested by MSI. Two 

five-nucleotide-repeat markers (Penta C and Penta D) and 

one Amelo marker (Amelo) were used to identify potential 

sample mixing or potential pollution. Detailed informa-

tion of the MSI test by PCR is presented in Table 1; 3) the 

nucleotide sequence was examined and analyzed by capillary 

electrophoresis sequencer.

Result criterion
MSS showed no change in any single-nucleotide-repeat 

markers. MSI showed a change existed in one or more single-

nucleotide-repeat markers. Examples of the MSS and MSI 

results are shown in Figures 2 and 3.

Statistical analysis
Data presented in this study were analyzed by SPSS 17.0 

statistical software. Comparison of multiple sample rates and 

correlation analysis between two classification variables were 

measured by chi-square correlation analysis. The inspection 

level was α=0.05, and p<0.05 indicated statistical difference.

Results
MMR classifications of 66 cases
In 66 patients, 49 cases (74.2%) were both MSH2 and 

MLH1 positive, either MSH2 or MLH1was lacking in 

15 cases (22.7%), and both MSH2 and MLH1 were lost in 

only two cases (3.1%). Four patients (6.1%) were identi-

fied as MSI, who also had MSH2 or/and MLH1 locking 

expression.  Lacking expression of either or both MLH1 and 

MSH2 (including MSI) was classified into dMMR. In total, 

the dMMR group included 17 cases and the pMMR group 

contained 49 cases.

PD-L1 in cancer cells, rather than 
PD-1 and PD-L1 in TILs, has statistical 
difference between the two MMR groups
Strong positive, positive, and negative PD-L1 expression 

in cervical cancer cells was present in 21 cases (31.8%), 

18 cases (27.3%), and 27 cases (40.9%), respectively. The 

comparison of PD-L1 expression in cancer cells between 

dMMR and pMMR groups is shown in Table 2, revealing 

that PD-L1 expression had statistical difference between the 

two MMR groups. Furthermore, 31 of all 66 cases (47.0%) 

were associated with positive PD-1 in TILs. Forty out of 66 

were implicated with positive TILs PD-L1, making up 60.6% 

of all cases. The results showed that both PD-1 and PD-L1 T
ab

le
 1

 D
et

ai
le

d 
in

fo
rm

at
io

n 
of

 t
he

 M
SI

 t
es

t 
by

 P
C

R

ST
R

 c
at

eg
or

y
ST

R
 n

um
be

r
C

hr
om

os
om

e
D

N
A

 p
hy

si
ca

l d
is

ta
nc

e
R

ep
ea

t 
un

it
P

ri
m

er
-F

 5
¢–

3¢
 s

eq
ue

nc
e

P
ri

m
er

-R
 5

¢–
3¢

 s
eq

ue
nc

e

Si
ng

le
-n

uc
le

ot
id

e-
re

pe
at

 m
ar

ke
rs

N
R

-2
7

11
10

23
22

69
4–

10
23

22
92

0
(A

)2
7

G
T

T
T

C
T

T
C

A
C

C
T

G
G

A
A

A
C

A
A

A
G

C
A

T
T

G
A

A
T

T
C

A
A

C
A

G
C

A
G

A
G

A
C

C
T

T
G

T
C

A
M

O
N

O
-2

7
2

39
30

94
92

–3
93

09
80

4
(A

)2
7

G
T

T
T

C
T

T
G

G
G

T
G

G
A

T
C

A
C

G
A

G
G

T
C

A
G

A
A

G
G

G
T

G
G

A
T

C
A

A
A

T
T

T
C

A
C

T
T

G
BA

T
-2

5
4

54
73

19
83

–5
47

32
37

5
(A

)2
5

G
T

T
T

C
T

T
C

C
T

C
G

C
C

T
C

C
A

A
G

A
A

T
G

T
A

A
G

T
C

T
T

C
A

C
C

C
C

A
A

G
C

C
T

T
G

T
A

A
C

T
N

R
-2

4
2

95
18

35
51

–9
51

83
77

5
(A

)2
4

T
C

C
C

C
A

T
T

G
C

T
G

A
A

T
T

T
T

A
C

C
T

G
T

T
T

C
T

T
G

T
T

G
G

C
G

G
G

C
A

C
C

T
G

T
A

G
T

N
R

-2
1

14
23

18
31

03
–2

31
83

35
8

(A
)2

1
G

T
T

T
C

T
T

G
G

T
C

A
C

T
C

G
C

G
T

T
T

A
C

A
A

A
C

A
A

A
A

G
G

G
G

A
G

G
T

A
A

A
G

G
C

A
G

T
C

T
C

BA
T

-2
6

2
47

41
42

78
–4

74
14

59
6

(A
)2

6
T

C
A

T
C

A
C

T
G

T
C

T
G

C
G

G
T

A
A

T
C

A
G

T
T

T
C

T
T

G
A

G
T

G
G

A
G

G
A

G
G

G
G

A
G

A
G

A
A

A
Fi

ve
-n

uc
le

ot
id

e-
re

pe
at

 m
ar

ke
rs

Pe
nt

a 
C

9
37

92
02

49
–3

79
20

40
6

A
A

A
A

G
G

T
T

T
C

T
T

T
G

A
A

C
A

C
A

C
T

T
T

G
C

A
C

C
T

G
T

C
A

C
T

G
A

G
C

G
C

T
T

C
T

A
G

G
G

A
C

T
T

C
T

Pe
nt

a 
D

21
43

63
60

83
–4

36
36

48
0

A
A

A
A

G
T

G
G

T
G

A
G

G
C

T
G

A
A

G
T

A
G

G
A

T
C

A
G

T
T

T
C

T
T

T
A

G
C

C
T

G
T

G
G

C
G

T
G

T
C

T
T

T
T

T
A

A
m

el
o 

m
ar

ke
rs

A
m

el
o

X
/Y

11
29

68
74

–1
12

96
98

9/
68

69
83

7–
68

69
95

8
X

/Y
(+

6b
p)

C
C

C
T

G
G

G
C

T
C

T
G

T
A

A
A

G
A

A
T

A
G

T
G

G
T

T
T

C
T

T
G

A
G

G
C

C
A

A
C

C
A

T
C

A
G

A
G

C
T

T
A

N
ot

es
: S

in
gl

e-
nu

cl
eo

tid
e-

re
pe

at
 m

ar
ke

rs
 w

er
e 

us
ed

 t
o 

te
st

 M
SI

. F
iv

e-
nu

cl
eo

tid
e-

re
pe

at
 m

ar
ke

rs
 a

nd
 A

m
el

o 
m

ar
ke

rs
 w

er
e 

us
ed

 t
o 

id
en

tif
y 

po
te

nt
ia

l s
am

pl
e 

m
ix

in
g 

or
 p

ot
en

tia
l p

ol
lu

tio
n.

A
bb

re
vi

at
io

ns
: M

SI
, m

ic
ro

sa
te

lli
te

 in
st

ab
ili

ty
; P

C
R

, p
ol

ym
er

as
e 

ch
ai

n 
re

ac
tio

n;
 S

T
R

, S
ho

rt
 T

an
de

m
 R

ep
ea

t.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2018:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

109

PD-1/PD-L1 pathway and DNA mismatch repair in cervical cancer

Figure 2 Example of microsatellite stability status.

Figure 3 Example of microsatellite instability status (MONO-27 and NR-27 had changes).
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expression in TILs had no statistical difference between the 

two MMR groups (Table 3).

The relationship between PD-1 and PD-
L1 in different MMR groups
In the dMMR group, PD-L1 in cancer cells and PD-1 in 

TILs had no correlation (r
s
=0.161, p=0.537) and PD-L1 in 

cancer cells and PD-L1 in TILs had no correlation (r
s
=0.250, 

p=0.334). However, PD-L1 and PD-1 in TILs exhibited strong 

correlation (r
s
=0.509, p=0.037). In the pMMR group, there 

was good correlation between PD-L1 in cancer cells and PD-1 

in TILs (r
s
=0.645, p<0.001), and between PD-L1 in TILs and 

PD-1 in TILs (r
s
=0.439, p=0.002). The correlation between 

PD-L1 in cancer cells and PD-L1 was r
s
=0.507, p<0.001.

Clinical significance of MMR and the 
PD-1/PD-L1 pathway in 66 patients
Clinical data of 66 patients were then categorized by age, 

childbearing history, abortion history, ethnicity, and cancer 

cell differentiation (Table 4). Comparisons of MMR and 

PD-L1 in cancer cells and PD-1/PD-L1 in TILs in the dif-

ferent clinical subgroups were performed (Figure 4). The 

results showed that lower cancer differentiation and more 

incidences of childbearing and abortion predicted dMMR 

status. Moreover, more incidences of childbearing and abor-

tion were association with PD-L1 expression levels in cancer 

cells. Additionally, abortion could enhance PD-1 expression 

in TILs, while more incidences of childbearing history and 

older age (35–55 years) increased PD-L1 expression in TILs.

Discussion
The MMR system is made up of dMMR and pMMR. MLH1 

and MSH2 are major proteins of MMR. Deficient MLH1 

or/and MSH2 and MSI status are defined as dMRR.10–12 

According to prior studies, lack of MSH2 or/and MLH1 is 

a common phenomenon in cervical intraepithelial neoplasia 

and cervical cancer.13,14 The MSI of cervical cancer was 6.1% 

in this study, which was consistent with the report by Ercoli 

et al,15 but was less than the 12.6% reported by Baay et al.16 

We reason that the source of cases and single-nucleotide-

repeat markers may lead to these variations. In the study, the 

ratio of dMMR was 25.8% and the rates of dMMR varied 

greatly when analyzed in subtypes with different childbearing 

history, abortion history, and tumor differentiation. Because 

more incidences of childbearing and abortion could result 

in higher dMMR rates, we therefore surmise that these two 

factors may play crucial effects in healthy women, especially 

in the endometrial carcinoma uterus, where higher rates of 

dMMR are exhibited.17,18 Notably, cervical cancer originates 

from uterus-like endometrial carcinoma, indicating there 

should be a certain proportion of dMMR in cervical cancer. 

In a previous study of colon cancer, dMMR was significantly 

correlated with the degree of cancer cell differentiation;19 the 

study also explored the same correlation in cervical cancer.

This research explored whether positive expression of 

PD-L1 in cancer cells and TILs and of PD-1 in TILs was a 

common phenomenon in cervical cancer (positive rates were 

59.1%, 47.0%, and 60.6%). For PD-L1 in cancer cells, more 

incidences of childbearing and abortion enhanced expression. 

Meanwhile, abortion history also enhanced the expression of 

PD-1 in TILs and more incidences of childbearing enhanced 

the expression of PD-L1 in TILs. A previous report showed 

that the PD-1/PD-L1 pathway was closely related to preg-

nancy history,20 pregnancy could change the immune status 

of women, especially the microenvironment immune status 

of the uterus including the cervical environment, and nega-

tive immune regulation pathways including the PD-1/PD-L1 

pathway could be activated when pregnant. Cervical cancer 

is a common oncology from the uterus, and more incidences 

of childbearing and abortion were also risk factors for cervi-

cal cancer, so it was supposed that the PD-1/PD-L1 negative 

immune pathway was closely related to cervical cancer, and 

more incidences of childbearing and abortion could lead to 

overexpression of PD-L1 and PD-1. Furthermore, the study 

found that women aged between 35 and 55 years with cer-

vical cancer had the highest PD-L1 expression in TILs and 

women older than 55 years had the lowest PD-L1 expression 

in TILs. Some previous reports claimed that some elderly 

Table 2 Comparison of cancer cells PD-L1 expression in 
different MMR groups

MMR group N PD-L1 expression*

Negative Positive Strong positive

dMMR 17 2 (11.8%) 4 (23.5%) 11 (64.7%)
pMMR 49 25 (51.0%) 14 (28.6%) 10 (20.4%)

Note: *χ2 =12.656, p=0.002.
Abbreviations: dMMR, deficient DNA mismatch repair; MMR, DNA mismatch 
repair; pMMR, proficient DNA mismatch repair.

Table 3 Comparison of TIL PD-1 and PD-L1 expression in 
different MMR groups

MMR  
group

N PD-1 expression* PD-L1 expression**

Negative Positive Negative Positive

dMMR 17 8 (47.1%) 9 (52.9%) 6 (42.9%) 11 (57.1%)
pMMR 49 29 (57.8%) 20 (42.2%) 20 (57.8%) 29 (42.2%)

Notes: *χ2 =0.753, p=0.385. **χ2 =0.161, p=0.688.
Abbreviations: dMMR, deficient DNA mismatch repair; MMR, DNA mismatch 
repair; pMMR, proficient DNA mismatch repair; TIL, tumor-invading lymphocyte.
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cancer patients would find treatment with PD-1/PD-L1 

antibody drugs useless,21,22 the lowest PD-L1 expression of 

TILs in older patients being a potential reason. According to 

the clinical characteristics, a better treatment effect should 

be achieved using PD-1/PD-L1 antibody drugs in women 

35–55 years old with cervical cancer and more incidences 

of childbearing and abortion history.

Further analysis of PD-L1/PD-1 expression in dMMR 

and pMMR was also performed, and results showed that in 

cancer cells the dMMR status was implicated with higher 

PD-L1 expression, which is consistent with similar reports of 

endometrial carcinomas.23 Recent studies reported that four 

factors contributed to the upregulation of PD-L1 in tumor 

cells, such as: 1) activation of the EGFR, MAPK, or PI3K-

Akt signaling pathway and high expression of STAT3 and 

HIF-1 protein could increase the high expression of PD-L1; 

2) CD274 (coding PD-L1 gene, 9p24.1) amplification; 3) 

Epstein  –Barr (EB) virus induction (EB virus positive gas-

tric cancer and nasopharyngeal carcinoma, No9p24.1 gene 

amplification, also could show the high expression of PD-L1); 

and 4) epigenetic mechanisms.24 Although the regulatory 

mechanism of dMMR promoting PD-L1 high expression in 

cervical cancer cells was still unclear but combined with the 

function of MMR, we proposed that dMMR regulated PD-L1 

expression by PD-L1 gene promoter region demethylation 

and 3′ untranslated region (3′-UTR) disruption of the PD-L1 

gene. The disruption of the PD-L1 3′-UTR, which included 

the deletion, inserts, translocation, and tandem repeat of 

the gene sequence, could lead to the PD-L1 gene abnormal 

amplification, lastly leading to the PD-L1 protein abnormal 

high expression.25 dMMR could cause microsatellite instabil-

ity, which often leads to tandem repeat of gene sequences,26 

and some researchers reported that dMMR could lead to all 

kinds of abnormal changes in the 3′-UTR of the functional 

gene and then to change in gene expression.27 So it was 

speculated that when the MMR is in a dMMR condition, 

which also could lead to PD-L1 gene 3′-UTR abnormal 

changes, this influenced the high expression of PD-L1 pro-

tein. Methylation of the PD-L1 gene had been reported, and 

PD-L1 expression had negative correlation with PD-L1 gene 

methylation; inversely, demethylation of the PD-L1 gene 

could increase the expression of PD-L1 protein.28,29 Grin et 

al preliminarily proved that the dMMR status closely related 

to demethylation of the functional gene,30 so it was believed 

that dMMR of cancer cells could lead to demethylation of 

the PD-L1 gene in the promoter region, and then it should 

affect the PD-L1 high expression.

Lastly, the study exhibited that patients with pMMR status 

had good relationships between PD-L1 in cancer cells and 

PD-1 in TILs, and PD-L1 in TILs, but in patients with dMMR 

PD-L1 in cancer cells had no correlation with PD-1 in TILs 

or PD-L1 in TILs. Both PD-1 in TILs and PD-L1 in cancer 

cells and TILs together form the PD-1/PD-L1 pathway, and 

the balance of the pathway is an important immune escape 

mechanism of tumor cells;1 in pMMR status, the balance is 

normal so there is a good relation between the three indexes. 

Table 4 General characteristics of 66 cases

MMR PD-L1 in cancer cells PD-1 in TILs PD-L1 in TILs

dMMR pMMR Strong 
positive

Positive Negative Positive Negative Positive Negative

Age
<35 years old 1 4 0 3 2 3 2 2 3
35–55 years old 3 21 7 9 8 13 11 20 4
>55 years old 13 24 14 6 17 15 22 18 19

Childbearing history
0–2 times 5 30 4 12 19 13 22 17 18
≥3 times 12 19 17 6 8 18 13 23 8

Abortion history
Yes 15 28 20 11 12 24 19 28 15
No 2 21 1 7 15 7 16 12 11

Ethnicity
Uygur 11 25 15 8 13 20 16 26 10
Han 6 24 6 10 14 11 19 14 16

Differentiation
Low 14 21 14 11 10 17 18 23 12
Middle 3 28 7 7 17 14 17 17 14

Abbreviations: dMMR, deficient DNA mismatch repair; MMR, DNA mismatch repair; pMMR, proficient DNA mismatch repair; TIL, tumor-invading lymphocyte.
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When patients are associated with dMMR status, high PD-L1 

expression in cancer cells contributes to loss of balance, 

demonstrating no relationships between PD-L1 in cancer 

cells and PD-1/PD-L1 in TILs. Meanwhile, other immune 

molecules, such as immunocytokines, could help to repair 

the imbalance, and then the tumor microenvironment should 

form a precarious balance. PD-1/PD-L1 antibody drugs are 

capable of breaking the precarious balance, which subse-

quently achieves satisfactory therapeutic effects.

Conclusion
This study showed that dMMR status and PD-L1 expression 

in both cancer cells and TILs and PD-1 expression in TILs 

are common in cervical cancer patients. More incidences of 

childbearing and abortion act as the most important clinical 

characteristics for PD-1/PD-L1 expression in cervical cancer 

patients. Higher PD-L1 in cancer cells could be observed 

when patients are under dMMR status, rather than under 

pMMR status, suggesting that cervical cancer patients with 

dMMR may achieve higher therapeutic effects with PD-1/

PD-L1 antibody drugs. Admittedly, more tissue samples and 

further mechanisms should be added to future studies. 
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Figure 4 Clinical significance of mismatch repair and the PD-1/PD-L1 pathway in 66 patients.
Abbreviations: dMMR, deficient DNA mismatch repair; pMMR, proficient DNA mismatch repair; TIL, tumor-invading lymphocyte.
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