
Page 1/14

Immunosuppressive phenotype of esophagus tumors stroma
Alexei Gratchev  (  alexei.gratchev@gmail.com )

N.N.Blokhin Cancer research Center https://orcid.org/0000-0003-2137-1866
Olga V. Kovaleva 

N.N. Blokhin Cancer Research Center
Madina A. Rashidova 

N.N.Blokhin Cancer Research Center
Daria V. Samoilova 

N.N. Blokhin Cancer Research Center
Valeria V. Mochalnikova 

N.N. Blokhin Cancer Research Center

Research article

Keywords: esophageal squamous cell carcinoma, macrophage, T-cell, stroma

Posted Date: June 1st, 2020

DOI: https://doi.org/10.21203/rs.3.rs-30657/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.3.rs-30657/v1
mailto:alexei.gratchev@gmail.com
https://orcid.org/0000-0003-2137-1866
https://doi.org/10.21203/rs.3.rs-30657/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/14

Abstract

Background
Tumor associated macrophages and tumor in�ltrating lymphocytes contribute signi�cantly to the development of immunosuppressive
properties of tumor. In this study we performed immunohistochemical analysis of immune cells of esophageal tumors stroma.

Methods
Para�n‐embedded tissue specimens from 48 esophageal squamous cell carcinoma patients were retrospectively collected for
immunohistochemical analysis of stromal cells. For staining of macrophages, CD68, CD163, CD206, PU.1 and iNOS were used. For T-
cells detection CD8, CD3, FOXP3 were used. As well we performed staining for PD-L1 that can be expressed on tumor associated
macrophagesand tumor cells. Clinicopathological and survival data were collected and analyzed using the χ2 and Fisher exact tests,
Kaplan–Meier curves, and the log‐rank test. The correlation analysis was performed with Spearman correlation coe�cient.

Results
The level of CD206 expression was associated with histological grade (p = 0.034), FOXP3 expression was associated with sex and age
(p = 0.041, p = 0.003 respectively) and iNOS expression was associated with the disease stage (p = 0.044). In addition, FOXP3 and
CD163 appeared to be markers of good prognosis (HR = 0.5407, p = 0.0462; HR = 0.4447, p = 0.0456 respectively). Signi�cant
association between PU.1 + and CD68 + macrophages (r = 0.752; P = 0.000) and between PU.1 + and CD163 + macrophages (r = 0.585;
P = 0.000) was established, positive association between PU.1 and CD206 expression was also observed (r = 0.424; P = 0.001).

Conclusions
Large amounts of CD163 + macrophages and FOXP3+ Т-cells appear to be markers of good prognosis of esophageal squamous cell
carcinoma. The number of PU.1 + macrophages strongly correlate with the number of CD68 + macrophages therefore usage of PU.1 as
a potential macrophage marker can be recommended esophageal tumors.

Background
Esophageal cancer is the sixth frequent cause of death among malignant tumors. Due to late stage diagnosis about 70% of patients
die within 1 year after diagnosis. There are two main subtypes of esophageal cancer described: esophageal squamous cell carcinoma
(ESCC) comprising 90% esophageal cancer cases and esophageal adenocarcinoma (EAC).

Available data indicate that in order to understand the pathogenesis of esophageal cancer, it is necessary not only to understand the
molecular repertoire of the tumor cells, but also the properties of the cells of the tumor microenvironment, which contains various cells
of the immune system that support the development of the tumor at all its stages. The escape of the tumor from immunological
control is crucial for the survival, progression and metastasis of the tumor. Tumor cells can suppress the antitumor immune response
through the production of various soluble factors, which, in turn, attract and direct the differentiation and activation of stromal cells in
the direction necessary for the tumor. In this work, we examined cell populations associated with the tumor immune escape, namely
macrophages and T cells.

TAMs show a number of pro-tumorigenic features. It is widely accepted that macrophages may display a broad spectrum of
phenotypes where widely accepted type 1 (M1) and type 2 (M2) macrophages represent its extremes. M1 stimulate in�ammation,
produce pro-in�ammatory cytokines, and show anti-tumor cytotoxic activity, M2 produce anti-in�ammatory cytokines, extracellular
matrix components and remodeling enzymes, show high phagocytic and low cytotoxic activities(1–3). TAMs support tumor
progression by producing proangiogenic and growth factors. They also thought to inhibit T-cell effector functions by releasing
immunosuppressive cytokines(3, 4). In most of studied cancers the presence of increased number of TAMs appears to be a marker of
poor prognosis. This is also the case for esophageal cancer(5).
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Tumor‐in�ltrating lymphocytes (TILs) represent another important part of tumor stroma cells. They are found in different tumors and
their population is mainly comprised of CD3 + and CD8 + T cells. CD3 + T cells have antitumor activity(6). As TAMs, CD3 + TILs show
both anti-tumor and tumor supporting activities. In contrast, CD8 + T lymphocytes have cytotoxic activity against cancer cells, and
these T cells could play an important role in antitumor immunity. Regulatory T cells (Tregs) also show immunosuppressive activity in
cancer. In a healthy organism, Tregs control activation and expansion B and T cells, as well as NK cell cytotoxicity; however, in cancer
they inhibit anti-tumor immune responses(7). Interestingly, Tregs may act differently at different stages of tumor development. At the
initial stages Tregs suppress in�ammation that may lead to carcinogenesis, but later diminishing anti-tumor immunity via the
secretion of immunosuppressive cytokines and inhibition of cytotoxic cell function(8).

Recent advances in cancer immunological therapeutics have revealed the importance of programmed death-1 (PD-1) – activated
signaling. The combination of PD-1 and its ligand PD-L1 is the key immune checkpoint for inhibition of T-cell activation. Recently
developed PD-L1 inhibitor antibodies are now used for treatment of various cancers including esophageal cancer. However, in contrast
to many other tumors the association of PD-L1 expression with the clinicopathological relationship in ESCC remains controversial.
Some studies demonstrated that PD-L1 expression correlates with poor prognosis(9), while others suggested that PD-L1 could be a
favorable prognostic indicator in ESCC(10).

In this study we have examined the prognostic impact of different components of tumor stroma basing on immunohistochemical
analysis of macrophage and T-cell markers in a group of 48 curatively resected esophageal squamous cancers. We established that
out of all macrophage markers studied only CD206 correlates with the clinicopathological features of the tumor. Analysis of survival
revealed that the number of CD163 + TAMs and FOXP3 + TILs correlates with prolonged survival of the patients. We also tested PU.1
as a potential general marker for macrophages and demonstrated its high correlation with CD68, what con�rms our hypothesis of the
possible use of nuclear PU.1 staining for labelling TAMs.

Materials And Methods

Study population
Human ESCC tissues in form of formalin-�xed para�n-embedded (FFPE) sections were obtained from the Clinical Oncology
department of N. N. Blokhin Russian Cancer Research Centre (Moscow, Russia). In total 48 samples were collected from the patients
that underwent treatment between 2005 and 2012. Detailed description of the study population is presented in the Supplementary
table 1. The survival status of the patients was followed up by post until February 2020. The median follow-up for patients still alive
was 40 months (range, 2–152 months). Overall survival (OS) was de�ned as the interval between surgery and death or between
surgery and the last follow-up for surviving patients. Among the 37 patients, 23 (62.0%) died, and 14 (38.0%) were alive during the
follow-up period.

The Institutional Review Board of N.N. Blokhin Russian Cancer Research Center approved the project (approval date 09/2018) and all
patients, who were involved in the study, gave written informed consents that their samples could be used for research purposes. The
study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki. Data were analyzed anonymously. All potential
participants who declined to participate or otherwise did not participate were eligible for treatment (if applicable) and were not
disadvantaged in any other way by not participating in the study.

Immunohistochemical analysis
Standard immunohistochemical procedure was used for staining FFPE sections with antibodies against stromal cells markers. We
used following antibodies: mouse anti-CD163 (Clone 10D6; BIOCARE, USA, 1:100 dilution), rabbit anti-CD206 (HPA004114; Sigma,
USA, 1:2000 dilution), rabbit anti-iNOS (SAB5500152; Sigma, USA, 1:150 dilution), rabbit anti-FOXP3 (Clone D2W8E; Cell Signaling
Technology, USA, 1:200 dilution), rabbit PU.1 (Clone 9G7; Cell Signaling Technology, USA, 1:200 dilution), rabbit anti-PD-L1 (E1L3N; Cell
Signaling Technology, USA, 1:200 dilution), rabbit anti-CD68 (clone GR021, 61–0184 Genemed, USA, 1:100 dilution), mouse anti-CD8
(clone CD8/144B, 61–0124 Genemed, USA, 1:100 dilution) and rabbit anti-CD3 (61 − 0011 Genemed, USA, 1:100 dilution). We used
UltraVision Quanto Detection System HRP DAB (Thermo Fisher Scienti�c, USA).

Evaluation of macrophages and T cells
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Macrophages and T-cells were counted in tumor islets and in stroma. The numbers of CD68, CD163, CD206, CD3 and CD8 positive
cells in immunohistochemical staining were counted in 5 independent high-power microscopic �elds (400×) of tumor tissue. The mean
percentages of stained cells were scored as 0 (negative), 1 (≤ 10%), 2 (11–50%), 3 (> 50%). Further the samples with low number of
positive cells (scores 0–1) were grouped in a low expression group, and samples with the scores 2–3 in a high expression group.
FOXP3 и PU.1 are transcription factors, therefore only nuclear expression was counted. FOXP3 positive cells were counted at a
magni�cation of 400×. FOXP3 expression was assessed according to the number of positive cells in 5 randomly chosen �elds. The
median number of FOXP3 positive cells was used as a cutoff to divide samples into FOXP3 low and FOXP3 high groups. The analysis
of PU.1 expression was done the same was as for the other macrophage markers studied here. For iNOS the sample was considered to
have low expression if less than 1% of tumor cells showed positive staining. Samples were more than 1% tumor cells expressed iNOS
were considered as high expressing.

For evaluation of PD-L1 expression we used Combined Positive Score (CPS) (PD-L1 IHC 22C3 pharmDx Interpretation Manual –
Esophageal Squamous Cell Carcinoma), which is the number of PD-L1 staining cells (tumor cells, lymphocytes, macrophages) divided
by the total number of viable tumor cells, multiplied by 100. According to obtained results the samples were divided into low
expression (less then 1%) and high expression (more than 1%) groups.

Statistical analysis
The statistical analysis was performed with GraphPad Prism, Version 8.3, software (San Diego, CA, USA). χ2 and Fisher exact tests (for
categorical variables) were used to compare the differences between the expression of CD68 et al and clinicopathological parameters
of ESCCs. Spearman's rank correlation method was used to evaluate the correlations between the amounts of different in�ammatory
cell types in tumor stroma. Survival length was determined from the date of surgery to death or the date of the last clinical attendance.
Survival curves were derived using the Kaplan–Meier method, and differences between curves were analyzed using the log-rank test. In
all analyses, P values ≤ 0.05 were considered statistically signi�cant

Results

TAMs phenotype
We used CD68 as a common macrophage marker, CD163 and CD206 as M2 marker and iNOS as M1 marker. As an additional general
macrophage marker, we used PU.1. We selected PU.1 due to it relatively speci�c macrophage expression and nuclear pattern of
staining what generally simpli�es the scoring, in contrast CD68, CD163 and CD206 demonstrate diffuse membrane and cytoplasmic
staining that may lead to uncertainties in quanti�cation.

We found CD68+, CD163 + and CD206 + TAMs distributed in both tumor stroma and tumor islets. Analyzed cases were divided into
groups with high and low number of M2 macrophages as described above. These groups were used to analyze the association with
clinicopathological characteristics. For CD206 signi�cant correlation with the histologic grade was established (p = 0.034) (P > 0.05
Table 1). No signi�cant correlations were found between CD68+, CD163 + or PU.1 + and clinical characteristics.
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Table 1
Clinicopathological characteristics and TAM markers in ESCC

  CD68 CD163 CD206 PU.1 iNOS

  high low p high low p high low p high low p high low p

Stage

I-II

III-IV

12

11

13

12

> 
0,999

9

10

16

13

0,769 13

12

12

11

> 
0,999

13

9

12

14

0,401 1

6

24

17

0,044*

Nodal
status

N-

N+

11

12

14

11

0,773 9

10

16

13

0,769 13

12

12

11

> 
0,999

12

10

13

13

0,779 2

5

23

18

0,237

Histologic
grade

G1/2

G3

18

5

20

5

> 
0,999

14

5

24

5

0,487 23

2

15

8

0,034* 17

5

21

5

> 
0,999

6

1

32

9

> 
0,999

Age

≤ 60

> 60

13

10

13

12

0,779 10

9

16

13

> 
0,999

12

13

14

9

0,401 10

12

16

10

0,384 6

1

20

21

0,106

Gender

male

female

17

6

19

6

> 
0,999

16

3

20

9

0,316 17

8

19

4

0,324 16

6

20

6

0,751 6

1

30

11

0,662

* Statistically signi�cant

Further we demonstrate that none of the samples contained iNOS + type 1 macrophages. Though iNOS expression in tumor cells was
detected in 12 out of 48 samples in 5 cases this expression was in less than 1% of cells. Expression of iNOS correlated with the
disease stage (p = 0.044).

Tumor in�ltrating lymphocytes phenotype
For tumor in�ltrating T-cells the situation was similar to that with macrophage. In nearly all samples (98%) CD3 + cells were detected
within tumor stroma and tumor islets, CD8 + cells were detected in 96% of cases. For the analysis of correlation with clinical data the
same approach as for macrophages was used. Samples were divided into high and low density TIL groups according to positive cell
count and evaluated possible correlations with clinicopathological parameters, including age, gender, histological grade, nodal status,
and clinical stages (Table 2).
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Table 2
Clinicopathological characteristics and TIL markers in ESCC.

  CD3 CD8 FOXP3

  high low p high low p high low p

Stage

I-II

III-IV

18

14

7

9

0,543 11

7

14

16

0,383 10

9

15

14

> 0,999

Nodal status

N-

N+

18

14

7

9

0,543 9

9

16

14

> 0,999 11

8

14

15

0,566

Histologic grade

G1/2

G3

25

7

13

3

> 0,999 14

4

24

6

> 0,999 16

3

22

7

0,719

Age

≤ 60

> 60

16

16

10

6

0,5421 8

10

18

12

0,3748 5

14

21

8

0,003*

Gender

male

female

25

7

11

5

0,4998 13

5

23

7

0,7429 11

8

25

4

0,041*

* Statistically signi�cant

Statistically signi�cant correlation was found solely for FOXP3+, that correlated with the age and gender of patients (p = 0.003 и p = 
0.041 respectively).

Programmed death ligand 1 (PD-L1) is a ligand for the inhibitory programmed cell death protein 1 (PD-1), which are targeted by several
anti-PD-1 and PD-L1 drugs for a variety of human cancers including metastatic squamous cell carcinoma of the esophagus. In our
study group 27% of samples were PD-L1-negative, 62,5% with Combined Positive Score lower than 1% (including PD-L1 negative
samples). No statistically signi�cant correlations of PD-L1 expression and clinical parameters was found (supplementary table 2).

Survival analysis
To identify markers of potential prognostic signi�cance in the patients with ESCC, the impacts of TAMs and TILs subgroup and other
clinicopathological parameters on the prognosis were explored. To establish the prognostic effect of these clinicopathologic
characteristics and markers of immune cells, univariate analysis was used (results are presented in Table 3).
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Table 3
Statistical analysis of the prognostic value of immune cells

of tumor stroma

  Univariate analysis

HR 95% CI P

CD3 (high/low) 0,9181 (0,3718-2,267) 0,8476

CD8 (high/low) 1,106 (0,4737-2,581) 0,8101

FOXP3 (high/low) 0,5407 (0,2339-1,250) 0,0462*

CD68 (high/low) 0,8473 (0,3739-1,920) 0,6851

CD163 (high/low) 0,4447 (0,1957-1,010) 0,0456*

CD206 (high/low) 0,9572 (0,4187-2,189) 0,9149

iNOS (high/low) 0,6928 (0,2635-1,821) 0,4929

PU.1 (high/low) 0,9132 (0,4033-2,068) 0,8242

PDL1 (high/low) 0,7251 (0,3171-1,658) 0,4504

* Statistically signi�cant

We established that increased CD163 + macrophages and FOXP3 + lymphocytes were signi�cantly associated with prolonged overall
survival (OS) in ESCC (p = 0.0456 and p = 0.0462 respectively), and the Kaplan-Meier �gures are shown in Fig. 1. For none of other
markers statistically signi�cant correlation was found.

PU.1 is a new general macrophage marker
There is an urgent need for new macrophage markers suitable for immunohistochemical analysis showing nuclear staining. As such a
marker we used PU.1 in this study. It has a nuclear pattern of expression, what makes it easier to evaluate the data and also allow for
multiplex analysis together with other macrophage markers.

We performed a correlation analysis of various macrophage markers in esophagus tumor and demonstrated that PU.1 expression
strongly correlate with that of CD68 (r = 0.7515, p = .000), CD163 (r = 0.5847, p = 0.000) and CD206 (r = 0.4245, p = 0.003) with the
strongest correlation observed for CD68 (Fig. 2).

IHC analysis of macrophage markers on serial tumor sections also demonstrates highly overlapping staining patterns for PU.1 and
other macrophage markers (Fig. 3). Strong correlation of PU.1 primarily with CD68 suggests possible usage of this marker as a
general macrophage marker for tumor stroma.

Discussion
Tumor immune escape is an important aspect of tumor development that ensures tumor progression. Tumor cells produce soluble
factors that modify microenvironment, attract various immune cells and drive their differentiation to immunosuppressive phenotype.
In this study using various markers of tumor stroma cells we investigated immunosuppressive phenotype of esophageal squamous
cell carcinoma (ESCC) (Fig. 4).

The main cell population we have studied is composed of TAMs. Like other immune effector and regulatory cells, macrophages
demonstrate high degree of functional versatility and express different surface markers, and secretable factors(11). The role they play
in the tumor immune escape depends on their phenotype. Macrophages can be boldly divided into two main subgroups: “classically
activated” or M1, and “alternatively activated” or M2. M1 are pro-in�ammatory and are thought to exert antitumor effects through
production of IL-12, IL-23, and reactive oxygen and nitrogen species(12). M1 are not considered to be immunosuppressive, however
existence of mixed M1/M2 phenotype of TAMs prompted us to analyze M1 marker – iNOS. We found that this marker is not suitable
for TAM analysis, since its expression was observed solely in tumor cells in a small number of samples. Interestingly iNOS expression
correlated with the stage of disease, high expression was found in tumors of stages III–IV, compared to low expression at stages I-II.
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No prognostic value of iNOS was determined. iNOS expression in esophageal cancer is poorly studied. No signi�cant correlation with
the clinical parameters of the tumor and iNOS expression was found in the study by Jin et al(13), the absence of expression difference
between tumor and normal tissue of esophagus was also reported(14). Our results, however, suggest that deeper investigation of iNOS
in esophageal tumors will reveal its diagnostic and/or prognostic value.

M2 are usually considered to be able to suppress antitumor properties of M1 TAMs and modulate tissue remodeling by producing
matrix metalloproteinases, transglutaminases and extracellular matrix components(15) and various cytokines and growth factors(16).
In most of the tumors TAMs have M2 phenotype that are considered to be tumor supporting ones(17). All tumor associated
macrophages independent on their phenotype, seem to express CD68. As subtype-speci�c marker of M2 CD163 is frequently used(16).
However there are several other markers like CD204, CD206 or Stabilin-1 that can be used to detect type 2 macrophages. We examined
the relationship between TAM density, and clinical characteristics and outcomes in 48 patients who had undergone resection of
esophageal cancer. We demonstrated that out of all markers studied, only CD206 correlated with the histological grade of the tumor.
No other correlations were found.

There are contradictory literature data regarding prognostic value of M2 number in the tumor. In most of the cases high number of M2
TAMs correlates with poor prognosis, since these macrophages promote vascularization, invasion and metastasis in many cancer
types(18). In our study, the number of CD163 + M2 correlated with a good prognosis of esophageal cancer (HR = 0,4447, p = 0,0456*).
In contrast to our results Hu et al demonstrated correlation of stromal CD163 + TAMs with poor prognosis of esophageal cancer,
however if CD163 + cells were counted in tumor nests only, as well no difference in patients survival was found in that study(19). This
differences in results clearly indicates the importance of the way how and in which areas of the tumor TAMs are analyzed.

Since the total amount of macrophages is a highly important criteria, there is an urgent need for a macrophage marker that allow clear
identi�cation of the cell. We selected PU.1 as such a marker. PU.1 is a transcription factor regulating hematopoietic differentiation
pathways(20). Upon lineage differentiation and maturation, PU.1 is expressed at varied levels in mature blood cells, with higher levels
found in macrophages than B cells(21). In our study expression of PU.1 showed strongest correlation with CD68, and a staining
pattern indicating that the cells stained for PU.1 are CD68 positive macrophages. Taking into account nuclear staining PU.1 will be
more suitable for precise cell quanti�cation.

In the present study, we also explored the impact of TILs on the clinical signi�cance in ESCC. It was demonstrated that high numbers
of TILs is a marker of good prognosis and longer survival in ESCC. Particularly the presence of T cells (CD3+) and T cell
subpopulations (e.g., CD4+, CD8+, CD103+) were established to be markers of a good prognosis(22). CD8 + T cells can recognize
tumor‐associated antigens as major histocompatibility complex (MHC) class I molecules on the cancer cell surface and lyse cancer
cells. Therefore, the presence of CD8 + T cells in the tumor is considered as a host immunoreaction and is associated with a better
prognosis in a variety of cancers. However opposite results are also reported, where high levels of CD8 + T cells in the tumor are
associated with a poor prognosis(23). In our study we found no signi�cant correlations of CD3 + and CD8 + cells and clinical features
of the tumor. As well analysis of prognostic value of T-cells in general and cytotoxic T-cells did not reveal statistically signi�cant
differences.

Another T-cell type that has diagnostic and prognostic value in different types of cancer is regulatory T-cells, expressing FOXP3. FOXP3
is a member of the forkhead/winged-helix family of transcription factors that is critically involved in the development and function of
Tregs(24). Several studies demonstrate that FOXP3 + Tregs in�ltrating tumor suppress CD8 + T cells to maintain immunological
tolerance, associates with advanced tumor growth and poor prognosis in several types of malignant tumors(25–27). In contrast, other
studies have shown that tumor FOXP3 expression is a favorable prognostic factor for breast cancer(28, 29). In the case of esophageal
cancer high numbers of FOXP3 + cells was reported to be an indicator of poor(30) as well as good(31) prognosis. In our study we
demonstrated that high number of FOXP3 + cells is associated with good prognosis in the analysis of overall survival (HR = 0.5407, p 
= 0.0462).

Conclusion
In conclusion, data we obtained are in a good agreement with a number of studies, indicating that TAMs and TILs may provide
important diagnostic and prognostic information for esophageal squamous cell carcinoma. However, discrepancies found suggest
that there is a need for a general agreement on the methodology of stroma cells evaluation and speci�cally macrophage counting. As
well usage of a nuclear marker for macrophage identi�cation can be recommended what will facilitate stromal cells identi�cation.
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Figures

Figure 1
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Kaplan-Meier curves of overall survival (OS) in esophageal squamous cell carcinoma (ESCC) based on TILs and TAMs.

Figure 2

Spearman's rank correlation coe�cient for macrophage markers.
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Figure 3

Immunohistochemical analysis of CD68, PU.1 and CD163 on serial tissue sections. Magni�cation 400x (A) and 1000x (B).
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Figure 4

Immunosuppressive cells of esophageal squamous cell carcinoma stroma.
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