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Background: CMTM6 and CMTM4 have been described as PD-L1 regulators at the protein level
that modulates stability via ubiquitination, but little is known proteins expression and modulation
in human gliomas and tumor microenvironment. Clinical trials of targeting PD-1/PD-L1 in glioma
have been initiated; however, the rate of objective response has been less than 30% while the rate of
complete response has less than 16% due to inadequate T-cell infiltration and immunosuppressive
microenvironment. The aim of this study is to investigate the relationship between CMTM6/
CMTM4 and PD-L1 expression and its association with clinical prognosis in gliomas.
Materials and Methods: The expression of CMTM6/CMTM4 and PD-L1 in 177 glioma samples
represented in tissue microarrays was determined by Multiplexed quantitative immunofluorescence.
The assessment of the relationship between clinical factors and CMTM6/CMTM4 expression
was analyzed by Chi-squared test. The assessment of the clinical factors associated with survival
was analyzed by univariate and multivariate Cox proportional hazard regression analyses. The
evaluation of the statistical significance was analyzed by Pearson’s correlation assessment. The
survival probability was analyzed by Kaplan-Meier survival analysis and log-rank test.
Results: In gliomas, CMTM6/CMTM4 and PD-L1 were colocalized in tumor (Ki67+) and
microenvironment (CD68+ macrophages). CMTM6 was significantly related to PD-L1. Similarly,
CMTM4 was significantly related to PD-L1. Meanwhile, CMTM6 was significantly related to
CMTM4. CMTM6/CMTM4 showed a modest correlation with CD8+ T cell infiltration. Surprisingly,
CMTM6 was associated with clinical factors related to recurrence and Ki67. CMTM4 expression
showed a significant correlation with Ki67. CMTM6 was a risk factor for prognosis. Finally, we
found that patients with high CMTM6/CMTM4/PD-L1 expression showed shorter OS than those
with low expression. What is more, OS was significantly longer when CMTM6/CMTM4 and PDL1 were high co-expression in macrophages, but OS did not obviously extended in patients whose
tumors had high CMTM6/CMTM4 single expression in macrophages.
Conclusion: This study supports the role of CMTM6 and CMTM4 in stabilization of PD-L1 protein
and suggests that high co-expression of CMTM6/CMTM4 and PD-L1 in macrophages might be
prognosis indicators for anti-PD-L1 therapy in gliomas.
Keywords: CMTM6; CMTM4; PD-L1; Macrophages; Gliomas

Introduction
Gliomas are a deadly and immunosuppressive brain tumor [1]. Despite advances in
comprehensive therapy, patients who suffer from gliomas still have a short median survival time
due to the resistance to treatments and recurrence [2,3]. In the past few years, studies on anticancer
immune therapies of other tumors have promoted improvements to the limited success of
conventional therapies [4]. Antibodies is targeting the programmed death-1 (PD-1)/ligand 1 (PDL1) represent promising immunotherapies. Clinical trials of drugs targeting PD-1/PD-L1 in glioma
have been initiated [5]. However, the rate of objective response has been less than 30% in tumors
treated with PD-1/PD-L1 inhibitors, while the rate of complete response has been less than 16%
due to inadequate T-cell infiltration and immunosuppressive microenvironment [6-8]. Hence, new
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immune-related therapeutic targets have to be further identified, and
the more precise target patients regarding the anti-PD-L1 therapy
have to be further exploited.

Table 1: The clinical characteristics of 177 gliomas cancer patients.

CMTM (CKLF-like MARVEL Transmembrane Domaincontaining family), Chemokine-Like Factor Super Family (CKLFSF) is
a gene family first reported in 2003. In humans, the family composed of
nine members, namely: CKLF (Chemokine-like factor) and CMTM18 (CKLF-like MARVEL Transmembrane domain-containing
member 1-8) (original named ckLFSF1-8). Genes in the CMTM
family have different spliceosomes; at least one of the spliceosomes
codes for MAL related proteins for vesicle trafficking and membrane
link domain (MARVEL). Molecules containing this domain play an
important physiological and pathological role in protein transport
[9]. A series of studies have shown that CMTM family plays an
important role in the immune system and tumorigenesis [10]. Recent
reports have shown that CMTM6 and CMTM4 are new molecules
that can be used to enhance the therapeutic benefits of immune
checkpoint inhibitors [11-13]. CMTM6 and CMTM4 colocalize with
PD-L1 at the plasma membrane and in recycling endosome, where
they prevent PD-L1 from being targeted for lysosome-mediated
degradation [13]. CMTM6 was identified as a major regulator of
PD-L1, a key immunological checkpoint, and a potential target for
immunotherapy. CMTM4, another CMTM family member that is
closely related to CMTM6, was also identified as a positive regulator
of PD-L1 in the absence of CMTM6.

Variables

%

<60

26

14.70%

≥ 60

151

85.30%

Male

65

36.80%

Female

112

63.20%

23

13%

Sex

Grade (AJCC)
I
I+II

32

18%

II

48

27%

II–III

31

17.50%

III

20

11.30%

VI

23

13%

Low

81

50%

High

81

50%

CMTM6

CMTM4
Low

81

50%

High

81

50%

Low

81

50%

High

81

50%

PD-L1

CMTM6 and CMTM4 are prognostic biomarkers in several kinds
of tumors, have attracted increasing attention from oncologists [1421]. However, the potential role of CMTM6 and CMTM4 expression
in samples of cancer patients in gliomas has not yet to be clarified.
In this study, we evaluated the expression of CMTM6, CMTM4, and
PD-L1 in 177 glioma samples to assess its association with prognosis
in glioma patients.

TMA were deparaffinized, and then we subjected TMA to antigen
retrieval with EDTA pH 9.0 buffers at 100°C for 25 min. Next, we
stained the same tissue with primary antibodies to detect tumor cells,
macrophages, and CD8+ T cells, CMTM6, CMTM4, PD-L1 and Ki67.
At last, we used secondary antibodies and amplification systems for
signal detection. DAPI was used to highlight all nuclei.

Materials and Methods
Tissue Microarray (TMA) construction
TMAs were obtained from Shanghai Outdo Biotech Co., Ltd.
(Shanghai, China). All tissue samples were approved from the human
investigation committee protocol YB M-05-02. HBraG177Su01
contained 177 tumors resected from 162 patients between 2008 and
2011.

Fluorescence signal quantification and cut-point selection
We used the inform to quantify the fluorescence signal. A
representative image generated with the Inform software can be
found in Figure 1. QIF scores were calculated by dividing the target
pixel intensity by the area of the compartment of interest and then
normalized to the exposure time and bit depth at which the images
were captured. Patients with staining artifacts or the presence of less
than 1% compartment area were systematically excluded after visual
inspection. The median was used as the cut-off point to divide tumors
into high and low expression groups.

The clinical characteristics of the patients are also extracted from
the database of Shanghai Outdo Biotech Co., Ltd. (Shanghai, China)
and summarized in Table 1. A total of 134 (82.7%) patients were
diagnosed at less than 60 years of age; 101 (62.3%) patients were male.
28 patients (14.2%) had tumors of pathological grade I; 30 patients
(18.5%) had tumors of pathological grade I-II; 44 patients (27.2%)
had tumors of pathological grade II; 28 patients (17.3%) had grade
II-III, and 20 patients (12.3%) had tumors of pathological grade III,
and 17 patients (10.5%) had tumors of pathological grade VI tumors
according to the AJCC staging system.

Statistical analysis
The relationship between clinical factors and CMTM6/CMTM4
expression was analyzed by Chi-squared test. The clinical factors
associated with survival were analyzed by univariate and multivariate
Cox proportional hazard regression analyses. The linear correlation
of two continuous variables was analyzed by Pearson’s correlation
assessment. The survival probability was analyzed by Kaplan-Meier
survival analysis and log-rank test. To ensure the expression of
CMTM6/CMTM4 and PD-L1 was truly colocalized in tumors and
tumor microenvironment, we created a formula (satisfied cells of per
sample % = one sum of all the cells that satisfy the condition in one
sample/total cells in all samples) for inform analysis.

Bioinformatics
The mRNA expression profile of CMTM6/CMTM4 in gliomas
and normal or tissues was assessed via the UALCAN database (http://
ualcan.path.uab.edu/), which is based on TCGA data.
Multiplexed immunofluorescence staining protocol
Multiplexed immunofluorescence staining was performed as
previously described, with some modifications [14,15]. Briefly,
Remedy Publications LLC., | http://clinicsinoncology.com/
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Figure 1: Bioinformatics analysis of the differential expression of CMTM6/CMTM4 and the prognosis of patients with gliomas. (a,b) The expression level of
CMTM6/CMTM4 in gliomas was higher in cancer than in normal tissue according to the UALCAN database. (c,d) Expression of CMTM6/CMTM4 in gliomas based
on age. (e,f) Expression of CMTM6/CMTM4 in gliomas based on patient sex. (g,h) Expression of CMTM6/CMTM4 in gliomas based on patient race. (I,j) Expression
of CMTM6/CMTM4 in gliomas based on TP53 mutation status. *P<0.05; **P<0.01; ***P<0.001.
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Results

Table 2: CMTM6/CMTM4 expression and clinicopathological characteristics in
gliomas.

The expression of CMTM6/CMTM4 in mRNA level in
glioma patients

CMTM6

CMTM4

Characteristic

The upregulation/down regulation of CMTM6/CMTM4 in
gliomas was supported by the UALCAN database (http://ualcan.path.
uab.edu/; Figure 1a, 1b). As shown in Figure 1a, 1b, the expression
level of CMTM6/CMTM4 in gliomas was higher in cancer than in
normal tissue. As shown in Figure 1c, 1d, the CMTM6 expression
on mRNA level increased in gliomas as the age increased while the
CMTM4 expression on mRNA level decreased in gliomas as the age
increased. Expression of CMTM6 on mRNA level in gliomas was
higher in cancer than in normal tissue while expression of CMTM4
on mRNA level in gliomas was sharply lower in cancer than in
normal tissue, but no significant statistical difference based on patient
sex (Figure 1e, 1f) patient race. Figure 1g, 1h) and on TP53 mutation
status (Figure 1i, 1j). Significant statistical difference of CMTM6/
CMTM4 expression on mRNA level between cancer and normal
tissue suggested that CMTM6 and CMTM4 likely play an important
role in gliomas.
Expression of CMTM6/CMTM4 and PD-L1 in glioma tissues

Relapse

Low

High

57

44

P Value

Low

High

52

49

29

32

70

64

11

16

P value

Gender
Male

0.0513
Female

24

37

72

62

0.7459

Age
<60
≥ 60

0.0601
9

18

0.2988

Histology
I

12

11

14

9

I~II

15

15

10

20

II

25

19

27

17

II~III

15

13

14

14

III

10

10

11

9

IV

4

13

5

12

0.3293

To further explore, we detected the expression of CMTM6/
CMTM4 and PD-L1 in 177 glioma cancer tissue samples using
multiplexed immunofluorescence staining assay. As shown in
Figure 2, CMTM6 and PD-L1 were located mainly in the cell
membrane and cytoplasm, while CMTM4 was observed in the cell
membrane, cytoplasm and nucleus. CD68 was located mainly in the
cell membrane and cytoplasm of macrophages and CD8 was located
mainly in the cell membrane and cytoplasm of T cells, while Ki67
was observed mainly in the cell nucleus of tumor cells. CMTM6
expression and CMTM4 expression were detected in approximately
88% and 89.5% of gliomas, respectively. CMTM6 and PD-L1 were
located mainly in the cell membrane and cytoplasm, while CMTM4
was observed in the cell membrane, cytoplasm, and nucleus (Figure
2). PD-L1 expression was detected in approximately 76.5% of samples
and was found in CMTM6/CMTM4-expressing samples. We showed
that macrophages were major cell expressing CMTM6/CMTM4 and
PD-L1, and the percentage of CD68/CMTM6 and CD68/CMTM4
double-positive cells in the tumor microenvironment was about
85.8% and 92.6% (Figure 5).

Yes

35

49

No

46

32

30

51

0.0819

39

45

42

36

25

25

56

56

0.0406

0.4318

Ki-67
High

0.0016
Low

51

30

0.9999

OS than those with low PD-L1 expression (Figure 4c, p<0.0001).
CMTM6 and CMTM4 expression was significantly related to PD-L1
positivity in glioma cancer tissues (Figure 3b, 3c; R=0.342, p=0.028
for CMTM6 and PD-L1; R=0.803, P<0.0001 for CMTM4 and PDL1). Age, sex, TNM stage, grade, and CMTM6/CMTM4/PD-L1
expression were subjected into the univariate and multivariate logistic
regression analyses. The results showed that CMTM6 expression was
a risk factor for recurrence and Ki67 expression. CMTM4 expression
was not significantly different between patients with other clinically
related factors (Table 2). Visually, CMTM6/CMTM4 and PD-L1 were
colocalized in tumors and macrophages. Surprisingly, colocalization
was significantly higher in macrophages than in tumors (Figure 5).
Combining all tumors together (n=177), results were statistically
significant (p<0.0001) but modest correlation between CMTM6 and
PD-L1 levels (R=0.342).

Relationship between CMTM6/CMTM4 and PD-L1 in
gliomas
Patients with high PD-L1 expression had a significantly shorter

Figure 2: The localization of CMTM6/CMTM4/PD-L1/CD68/Ki67/CD8 staining in glioma tissues. CMTM6 and PD-L1 were located mainly in the cell membrane
and cytoplasm, while CMTM4 was observed in the cell membrane, cytoplasm and nucleus. CD68 was located mainly in the cell membrane and cytoplasm of
macrophages. CD8 was located mainly in the cell membrane and cytoplasm of T cells. Ki67 was observed mainly in the cell nucleus of tumor cells.
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Figure 3: The expression of CMTM6 and PD-L1 in gliomas tissues. (a) Negative, weak positive, and strong positive expression of CMTM6, and negative, weak
positive, and strong positive expression of PD-L1. (b-d) Pearson correlation analysis of CMTM6 and PD-L1 (b), CMTM4 and PD-L1 (c), and CMTM6 and CMTM4
(d) staining.

CMTM6 or CMTM4 single expression in macrophages in patients.
Surprisingly, OS was significantly longer when CMTM6/CMTM4
and PD-L1 were high in the macrophages at the same time (Figure
4h, 4i, p<0.0001).

Relationship between CMTM6/CMTM4 expression and
CD8+ T cells, CD68+ macrophages and Ki67 in gliomas
Consistent with its role in PD-L1 protein regulation, CMTM6/
CMTM4 enhances the ability of PD-L1-expressing tumor cells
to inhibit T cells. There was a weak correlation between CMTM6/
CMTM4 expression and CD8+ T cells (R=0.298 for CMTM6 and
CD8+ T cells, R=0.179 for CMTM4 and CD8+ T cells). CMTM6/
CMTM4 expression in macrophages did not significantly predict
OS (p=2.068e-1 and p=4.262e-3, respectively) (Figure 4f, 4g).
CMTM6 expression showed no correlation with Ki67 on tumor cells
(R=0.105), but CMTM4 expression showed a strong correlation with
the presence of Ki67 on tumor cells (R=0.616).

Discussion
The tumor microenvironment is a complex and continuously
evolving system [16,17]. With the in-depth understanding of tumor
knowledge, people increasingly realize the importance of tumor
microenvironment in tumor genesis, development, treatment
and prognosis [18-20]. Characteristic components of the tumor
microenvironment include blood vessels, immune cells, stromal
cells, and extracellular matrix. A dynamic interaction between
tumor cells and components of the tumor microenvironment is
formed, which supports tumor cell survival, local invasion, and distal
metastasis. Why do patients with the same pathological type of tumor
respond significantly differently to anti-PD-L1? This is largely due to
differences in tumor microenvironments among patients with same
tumors. Therefore, it is of great significance to study the influence
and mechanism of each component in the tumor microenvironment
in the process of tumor genesis and development to discover new
therapeutic targets and improve the efficacy of chemoradiotherapy,
targeted therapy and immunotherapy.

The association with prognosis of CMTM6/CMTM4 and
PD-L1 expression in patients with gliomas
Results showed that patients with high CMTM6/CMTM4/PD-L1
expression had shorter OS than those with low expression (Figure
4a-c, p=4.63e-10, p=4.63e-10, p=1.289e-10, p=2.972e-7). CMTM6
expression was a risk factor for prognosis (Table 3; HR: 1.763, 95%
confidence interval [1.018-3.062], p=0.044). We found a significant
association between CMTM6 expression and the clinicopathological
factors recurrence and Ki67 expression using the chi-squared test
(Figure 3; p=0.0406 for recurrence, p=0.0016 for Ki67). Similarly,
CMTM6/CMTM4 expression in macrophages did not significantly
predict OS (p=2.068e-1 and p=4.262e-3, respectively) (Figure 4f, 4g).
OS was no significantly longer in patients whose tumors had high
Remedy Publications LLC., | http://clinicsinoncology.com/
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Figure 4: The overall survival of patients with gliomas. (a). Patients with high CMTM6 expression (n=81) showed a significantly lower overall survival than patients
with low CMTM6 expression (n=81). (b). Patients with high CMTM4 expression (n=81) showed a significantly lower overall survival than patients with low CMTM4
expression (n=81). (c). Patients with high PD-L1 expression (n=81) showed a significantly lower overall survival than patients with low PD-L1 expression (n=81).
(d). Patients with high CMTM6 and PD-L1 co expression showed a significantly lower overall survival than patients with low CMTM6 and PD-L1 co expression.
(e). Patients with high CMTM4 and PD-L1 co expression showed a significantly lower overall survival than patients with low CMTM4 and PD-L1 co expression.
(f,g). Overall survival did not obviously extended in patients with high CMTM6/CMTM4 single expression in macrophages. (h,i). Overall survival was significantly
longer in patients with CMTM6/CMTM4 and PD-L1 high co-expression in macrophages. Red represents high CMTM6 expression, and blue represents low CMTM6
expression.*P<0.05; **P<0.01; ***P<0.001.

Ki67 tumor cells in the same tissue. We found that CMTM6/CMTM4
was broadly expressed in tumor and macrophage. We reported the
association with prognosis of CMTM6/CMTM4 expression and
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macrophages, T cells and other immune-related cells. As we all know,
TAMs are important parts of the tumor micro environment, involved
in tumorigenesis, growth, invasion and metastasis, moreover,
clinicopathological studies suggest that the accumulation of TAMs
in tumors is correlated with poor clinical outcome [24-26]. At the
same time, the plasticity of macrophages has also become the focus of
tumor immunotherapy to change the tumor microenvironment and
immune remodeling. More and more studies have reported the effects
of tumor-associated macrophages on the tumor microenvironment
and proposed tumor-associated macrophage-based immunotherapy
strategies [27-31].

Table 3: The univariate and multivariate Cox proportional hazard regression
analyses between the clinical related factors and survival in gliomas patients.
Multivariate analysis
Variables
gender

Univariate analysis
0.31

HR (95% CI)

P

1.199 [0.624-2.302]

0.585491867

age

3.63E-05

1.015 [0.991-1.039]

0.224700446

grade

1.52E-21

4.211 [2.507-7.072]

5.48E-08

location

0.095

1.169 [0.700-1.950]

0.551224766

CMTM6

0.014

1.045 [0.556-1.950]

0.891705041

CMTM4

0.827

0.526 [0.168-1.644]

0.269241364

PD-L1

0.554

0.759 [0.249-2.314]

0.62739823

Among members of the CMTM family, CKLF and CMTM14 located in a gene cluster at 16Q22.1 and CMTM6-8 located in a
gene cluster at 3P22.3, and CMTM5 is independently located in
14Q11.2 [32]. CMTM family genes are silenced or down-regulated
in a variety of tumors, and their abnormal expression is related to
the occurrence, development and metastasis of tumors, which
are potential tumor suppressor genes and provide new ideas for
clinical treatment of tumors. In recent years, it has been found that
restoring CMTM family genes expression in tumor cells can inhibit
tumor cells proliferate migrate and even initiate apoptosis. It has
been proven that CMTM3, CMTM5 and CMTM7 are new potential
tumor suppressor genes which are involved in tumor genesis and
development [33-42]. CMTM4 is widely and highly expressed in a
variety of tissues, with the highest expression level in pancreas and
testis. Using tissue microarrays and immunohistochemical detection
of CMTM4 expression in esophageal and cardiac cancer, it showed
that CMTM4 was positive in the paracancer and the positive rate in
normal tissue was higher than that in tumor tissue [43]. CMTM4 is
the most conservative member of the CMTM family [44]. Its tumor

CMTM6/CMTM4 was significantly related to PD-L1 on protein
level in glioma. Mechanistically, CMTM6/CMTM4 plays a key role
in maintaining the stability of PD-L1 cell surface expression [21].
Therefore, preventing them from binding with PD-L1 may recover
immunosuppression response and serves as a promising strategy for
immunotherapy. Notably, some samples with high CMTM6 showed
low PD-L1, suggesting that CMTM6 upregulation is not sufficient to
mediate PD-L1 protein expression in glioma. Thus, CMTM6 likely
is not the only PD-L1 regulator on protein level. On the other hand,
CMTM4 has been shown to act as a backup PD-L1 protein stabilizer
[11].
We found that CMTM6/CMTM4 and PD-L1 observed in tumors
and macrophages and interestingly it was higher in macrophages.
We targeted CD68-positive macrophages because reports have
shown that CD68-positive macrophages are the predominant
immune cell type expressing PD-L1 [22,23]. Current studies on
tumor microenvironment focus on the effects of angiogenesis,

a

b

Figure 5: Expression of CMTM6/CMTM4 and PD-L1 in tumor cells (Ki67+) and macrophages (CD68+). (a). Expression of CMTM6 and PD-L1 in tumor cells (Ki67+)
and in macrophages (CD68+); (b). Expression of CMTM4 and PD-L1 in tumor (Ki67+) cells and macrophages (CD68+).

Remedy Publications LLC., | http://clinicsinoncology.com/

7

2022 | Volume 7 | Article 1897

Hui Xue, et al.,

Clinics in Oncology - Radiation Oncology

suppressive effect has been demonstrated in HeLa cells and clear
cell renal cell carcinoma cell lines [44-48]. There is no significant
correlation between the type, pathological type, pathological
differentiation degree and clinical stage. CMTM4 was overexpressed
in HeLa cells, cell cycle was arrested in G2/M phase and cell growth
was inhibited, but apoptosis was not induced [43,46]. Therefore,
CMTM4 may be also a key molecule affecting cell growth and cycle
regulation. In our study, we found that CMTM6 was associated
with clinical factors, such as, recurrence and Ki67. According to a
bioinformatics study, patients with high CMTM6 expression had a
worse survival prognosis than those with low CMTM6 expression
[49]. In addition, CMTM6 is expressed differently different WHO
grades and different histopathology in tumors [49]. Therefore, on the
other hand, CMTM6 may be involved in tumorigenesis in gliomas.
Thus, the effect of CMTM6 in gliomas patients may depend on the
balance of its function in both tumor and the immune system and
we plan to further explore the mechanism of CMTM6 and CMTM4
on the tumorigenesis and progression in glioma in the future study.
The expression level of CMTM family members in tumor tissue
and the issue adjacent to carcinoma suggested that the CMTM may
have potential application value in clinical diagnosis, individualized
treatment and prognostic analysis of tumor.
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To sum up, CMTM6/CMTM4 expression was significantly
correlated with PD-L1in gliomas, which is agrees with that CMTM6/
CMTM4 in the stabilization of PD-L1 in tumor cells. What is more,
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diagnostic biomarkers for immunotherapy in gliomas.

15. Ng SB, Fan S, Choo SN, Hoppe M, Phuong HM, De Mel S, et al.
Quantitative analysis of a multiplexed immunofluorescence panel in T-cell
lymphoma. SLAS Technol. 2018;23(3):252-8.
16. Huang C, Zheng J, Ma D, Liu N, Zhu C, Li J, et al. Hypoxia-triggered gene
therapy: A new drug delivery system to utilize photodynamic-induced
hypoxia for synergistic cancer therapy. J Mater Chem B. 2018;6(40):642430.

Acknowledgment
The authors thank the staff of the medical research center, Peking
University Third Hospital services for expert technology services.

17. Baxevanis CN, Fortis SP, Perez SA. The balance between breast cancer and
the immune system: Challenges for prognosis and clinical benefit from
immunotherapies. Semin Cancer Biol. 2021;72:76-89.

Funding

18. Fridman WH, Zitvogel L, Sautès-Fridman C, Kroemer G. The immune
contexture in cancer prognosis and treatment. Nat Rev Clin Oncol.
2017;14(12):717-34.

This research was supported by the National Key Research and
Development Program of China (Grant No. 2019YFB1311300) to JJ
W.

19. Öjlert ÅK, Halvorsen AR, Nebdal D, Lund-Iversen M, Solberg S, Brustugun
OT, et al. The immune microenvironment in non-small cell lung cancer is
predictive of prognosis after surgery. Mol Oncol. 2019;13(5):1166-79.

References
1. Wang J, Tong L, Lin G, Wang H, Zhang L, Yang X. Immunological and
clinicopathological characteristics of C1RL in 2120 glioma patients. BMC
Cancer. 2020;20(1):931.

20. Xu X, Cheng L, Fan Y, Mao W. Tumor microenvironment-associated
immune-related genes for the prognosis of malignant pleural
mesothelioma. Front Oncol. 2020;10:544789.

2. Jiang T, Mao Y, Ma W, Mao Q, You Y, Yang X, et al. CGCG clinical
practice guidelines for the management of adult diffuse gliomas. Cancer
Lett. 2016;375(2):263-73.

21. Mamessier E, Birnbaum DJ, Finetti P, Birnbaum D, Bertucci F. CMTM6
stabilizes PD-L1 expression and refines its prognostic value in tumors.
Ann Transl Med. 2018;6(3):54.

3. Jiang T, Nam DH, Ram Z, Poon WS, Wang J, Boldbaatar D, et al. Clinical
practice guidelines for the management of adult diffuse gliomas. Cancer
Lett. 2021;499:60-72.

22. Zugazagoitia J, Liu Y, Toki M, McGuire J, Ahmed FS, Henick BS, et al.
Quantitative assessment of CMTM6 in the tumor microenvironment and
association with response to PD-1 pathway blockade in advanced-stage
non-small cell lung cancer. J Thorac Oncol. 2019;14(12):2084-96.

4. Preusser M, Lim M, Hafler DA, Reardon DA, Sampson JH. Prospects of
immune checkpoint modulators in the treatment of glioblastoma. Nat Rev
Neurol. 2015;11(9):504-14.

23. Antel K, Chetty D, Oosthuizen J, Mohamed Z, Van der Vyver L, Verburgh
E. CD68-positive tumor associated macrophages, PD-L1 expression, and
EBV latent infection in a high HIV-prevalent South African cohort of
Hodgkin lymphoma patients. Pathology. 2021;53(5):628-34.

5. Xue S, Hu M, Iyer V, Yu J. Blocking the PD-1/PD-L1 pathway in glioma: A
potential new treatment strategy. J Hematol Oncol. 2017;10(1):81.

24. Kayal S, Mathur S, Karak AK, Kumar L, Sharma A, Bakhshi S, et al. CD68
tumor-associated macrophage marker is not prognostic of clinical outcome
in classical Hodgkin lymphoma. Leuk Lymphoma. 2014;55(5):1031-7.

6. Franken MG, Leeneman B, Gheorghe M, Uyl-de Groot CA, Haanen JBAG,
van Baal PHM. A systematic literature review and network meta-analysis
of effectiveness and safety outcomes in advanced melanoma. Eur J Cancer.
2019;123:58-71.

25. Zhang Y, Cheng S, Zhang M, Zhen L, Pang D, Zhang Q, et al. Highinfiltration of tumor-associated macrophages predicts unfavorable clinical

7. Carlino MS, Long GV. Ipilimumab combined with nivolumab: A standard

Remedy Publications LLC., | http://clinicsinoncology.com/

8

2022 | Volume 7 | Article 1897

Hui Xue, et al.,

Clinics in Oncology - Radiation Oncology

expression, a potential tumor suppressor, is associated with poor clinical
outcome in human non-small cell lung cancer. Chin Med J (Engl).
2013;126(16):3006-12.

outcome for node-negative breast cancer. PLoS One. 2013;8(9):e76147.
26. Waniczek D, Lorenc Z, Śnietura M, Wesecki M, Kopec A, Muc-Wierzgoń
M. Tumor-associated macrophages and regulatory T cells infiltration
and the clinical outcome in colorectal cancer. Arch Immunol Ther Exp
(Warsz). 2017;65(5):445-54.

39. Li H, Li J, Su Y, Fan Y, Guo X, Li L, et al. A novel 3p22.3 gene CMTM7
represses oncogenic EGFR signaling and inhibits cancer cell growth.
Oncogene. 2014;33(24):3109-18.

27. Abadjian MCZ, Edwards WB, Anderson CJ. Imaging the tumor
microenvironment. Adv Exp Med Biol. 2017;1036:229-57.

40. Cai B, Xiao Y, Li Y, Zheng S. CMTM5 inhibits renal cancer cell
growth through inducing cell-cycle arrest and apoptosis. Oncol Lett.
2017;14(2):1536-42.

28. Vitale I, Manic G, Coussens LM, Kroemer G, Galluzzi L. Macrophages and
metabolism in the tumor microenvironment. Cell Metab. 2019;30(1):3650.

41. Xu G, Dang C. CMTM5 is downregulated and suppresses tumour growth
in hepatocellular carcinoma through regulating PI3K-AKT signaling.
Cancer Cell Int. 2017;17:113.

29. Wu K, Lin K, Li X, Yuan X, Xu P, Ni P, et al. Redefining tumorassociated macrophage subpopulations and functions in the tumor
microenvironment. Front Immunol. 2020;11:1731.

42. Chen Z, Cui N, Sen Zhao J, Wu J, Ma F, Li C, et al. Expressions of ZNF436,
beta-catenin, EGFR, and CMTM5 in breast cancer and their clinical
significances. Eur J Histochem. 2021;65(1):3173.

30. Zhou K, Cheng T, Zhan J, Peng X, Zhang Y, Wen J, et al. Targeting tumorassociated macrophages in the tumor microenvironment. Oncol Lett.
2020;20(5):234.

43. Plate M, Li T, Wang Y, Mo X, Zhang Y, Ma D, et al. Identification and
characterization of CMTM4, a novel gene with inhibitory effects on HeLa
cell growth through Inducing G2/M phase accumulation. Mol Cells.
2010;29(4):355-61.

31. Chanmee T, Ontong P, Konno K, Itano N. Tumor-associated macrophages
as major players in the tumor microenvironment. Cancers (Basel).
2014;6(3):1670-90.

44. Li T, Guo X, Wang Y, Markus P, Shao L, Song Q, et al. Preparation,
purification and characterization of the polyclonal antibody against
human CMTM4. Xi Bao Yu Fen Zi Mian Yi Xue Za Zhi. 2008;24(1):41-4.

32. Wu J, Li L, Wu S, Xu B. CMTM family proteins 1-8: Roles in cancer
biological processes and potential clinical value. Cancer Biol Med.
2020;17(3):528-42.

45. Li T, Cheng Y, Wang P, Wang W, Hu F, Mo X, et al. CMTM4 is frequently
downregulated and functions as a tumor suppressor in clear cell renal cell
carcinoma. J Exp Clin Cancer Res. 2015;34:122.

33. Hu FZ, Yuan WQ, Wang XL, Qin CP, Sheng ZZ, DU YQ, et al. Knockdown
of CMTM3 promotes migration and invasion of PC3 cell in vitro. Beijing
Da Xue Xue Bao Yi Xue Ban. 2016;48(4):594-7.

46. Li H, Liu Y, Chen L, Zhou J, Chen D, Li S, et al. CMTM4 regulates
epithelial-mesenchymal transition and PD-L1 expression in head and neck
squamous cell carcinoma. Mol Carcinog. 2021;60(8):556-66.

34. Yuan W, Liu B, Wang X, Li T, Xue H, Mo X, et al. CMTM3 decreases
EGFR expression and EGF-mediated tumorigenicity by promoting Rab5
activity in gastric cancer. Cancer Lett. 2017;386:77-86.

47. Zhang H, Zhang X, Yuan X, Wang L, Xiao Y. MicroRNA-205 inhibits
renal cells apoptosis via targeting CMTM4. Iran J Basic Med Sci.
2015;18(10):1020-6.

35. Li W, Zhang S. CKLF-like MARVEL transmembrane domain-Containing
Member 3 (CMTM3) inhibits the proliferation and tumorigenisis in
hepatocellular carcinoma cells. Oncol Res. 2017;25(2):285-93.

48. Imamovic D, Vranic S. Novel regulators of PD-L1 expression in cancer:
CMTM6 and CMTM4-a new avenue to enhance the therapeutic benefits of
immune checkpoint inhibitors. Ann Transl Med. 2017;5(23):467.

36. Xie J, Yuan Y, Liu Z, Xiao Y, Zhang X, Qin C, et al. CMTM3 is frequently
reduced in clear cell renal cell carcinoma and exhibits tumor suppressor
activities. Clin Transl Oncol. 2014;16(4):402-9.

49. Guan X, Zhang C, Zhao J, Sun G, Song Q, Jia W. CMTM6 overexpression
is associated with molecular and clinical characteristics of malignancy and
predicts poor prognosis in gliomas. EBioMedicine. 2018;35:233-43.

37. Liu B, Su Y, Li T, Yuan W, Mo X, Li H, et al. CMTM7 knockdown increases
tumorigenicity of human non-small cell lung cancer cells and EGFR-AKT
signaling by reducing Rab5 activation. Oncotarget. 2015;6(38):41092-107.
38. Liu Q, Su Y, Jiang GC, Zhou ZL, Liu BC, Bu L, et al. Change of CMTM7

Remedy Publications LLC., | http://clinicsinoncology.com/

9

2022 | Volume 7 | Article 1897

