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Evidence increasingly indicated that lung cancer incidence in female individuals

continue to rise, and women have a higher risk to develop adenocarcinoma

than men. Male and female individuals differ in their innate and adaptive

immune responses, and there are sex differences in response to the PD-1/

PD-L1-dependent blocking immunotherapy. Whether the differential

expression of PD-1 between genders affect the response to blocking

treatment is currently unknown. In this study, we examined sex differences in

serum sPD-1, mPD-1 expression on T cells, and sex hormone levels in non-

small cell lung cancer (NSCLC) patients. Our results revealed a higher level of

sPD-1 and expression of PD-1 on CD4+T cell in female patients than in male

patients; we identified that serum sPD-1 level and the expression of mPD-1 on

T cells were significantly reduced in NSCLC; we also found that serum

testosterone level increased in female patients compared with control

subjects and that increased testosterone downregulated the expression of

mPD-1 on T cell. These findings provide a better understanding of the

differences in PD-1 expression between genders in NSCLC patients and the

effect of sex hormones on PD-1 expression and supply evidence for early lung

cancer diagnosis and responsiveness to immune checkpoint inhibitors.
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Introduction

Lung cancer is a leading cause of cancer-related deaths worldwide and is one of the

most frequently diagnosed cancers. About 1.8 million lung cancer cases were diagnosed,

and 1.2 million people died from lung cancer around the world (1–3). Growing evidence

show that the lung cancer incidence in female patients continues to rise and that women

have a higher risk to develop adenocarcinoma than men. These observations suggest that

sex and gender are relevant to the pathogenesis of lung cancer (4, 5).
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Male and female individuals differ in their innate and

adaptive immune responses. Human studies demonstrate that

male sex with low immune responses is more vulnerable to

malignancy and infection disease than female subjects (6, 7).

Even the treatment of tumors shows gender difference. Immune

checkpoint inhibitors (ICIs) including programmed cell death 1

(PD1)/programmed cell death 1 ligand 1 (PD-L1)-specific

monoclonal antibodies, seem to be more effective for female

patients compared with male patients with melanoma (8).

The PD-1 (CD279)/PD-L1 pathway, as one of the B7

molecular family members, provides negative signals to suppress

and control T cell responses. Through inducing T cell tolerance,

exhaustion, and enhancing Treg cell function, the PD-1/PD-L1

pathway mediates tumor immune escape (9). High expression

levels of inhibitor molecular B7 on various types of human tumor

cell have been identified (10). In non-small cell lung cancer

(NSCLC), fewer T cells are observed both in PD-L1+ and PD-

L1 high tumor region, and a high expression level of PD-L1 on

tumor cells is significantly associated with poor differentiation of

tumor and poor prognosis (11–13). Soluble PD-L1 (sPD-L1) in

serum, a valuable biomarker in multiple cancers, has been

reported, including multiple myeloma (14), renal cell carcinoma

(15), B cell lymphoma (16), and malignant melanoma (11, 17).

High levels of sPD-L1 in plasma were associated with poor

outcome in lung cancer with advanced stage (18, 19).

PD-1 is a type I transmembrane protein which is composed of

one immunoglobulin (Ig) superfamily domain, a transmembrane

domain, and an intracellular domain with immunoreceptor

tyrosine-based inhibitory motif and an immunoreceptor tyrosine-

based switch motif (9). PD-1 expression is induced on activated T

cells, NK cells, and B cells and highly expressed on Treg cells. The

major physiological biology of PD-1 is to control the infection

response and autoimmunity (9, 20). An increased level of PD-1 on

lymphocytes in metastatic lymph nodes from non-small cell lung

cancer (NSCLC) is observed (21). PD-1 is highly expressed on Treg

cells among CD4+ tumor infiltrate lymphocytes (TILs) and anergic

or exhausted CD8+TILs from different multiple tumor cells, which

downregulate T cell immune response (22). Exon 3 only PD-1 (PD-

1dealtex3) splice variants (soluble PD-1 and sPD-1) which lack the

transmembrane domain play a key in autoimmunity (23) and

rheumatoid arthritis (24, 25). Increased amounts of sPD-1 can be

detected in melanoma and renal cell carcinoma (14, 15). Another

clinical study has shown that lung cancer patients with an increased

sPD-1 have a more favorable outcome during erlotinib

treatment (16).

The expression level of PD-1 (mPD-1 and sPD-1) in the sex

of NSCLC and whether it can be a biomarker for the treatment

with ICIs or diagnosis are both still poorly understood. In this

study, we investigated the decreased serum sPD-1 level in

NSCLC patients and the higher level of sPD-1 in female

patients than in male patients. Similarly, there was a higher

expression of PD-1 on CD4+T cell in women than in men. We

also observed increased testosterone level in female patients
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compared with the control, and the increased testosterone

downregulated the mPD-1 expression on T cells. These results

revealed the sex differences in serum sPD-1, mPD-1 expression

on T cells, and sex hormone levels in NSCLC patients. These

findings provide a better understanding of the differences in PD-

1 expression between genders in NSCLC patients and the effect

of sex hormones on PD-1 expression and supply evidence for

early lung cancer diagnosis and responsiveness to ICIs.
Results

Serum sPD-1 level was significantly
reduced in patients with lung cancer

To identify the level of sPD-1 in serum from NSCLC patients,

we recruited 108 lung cancer patients and 72 healthy donors. No

significant differences were detected in their age distributions

(Supplementary Figures S1A, B). We tested the level of sPD-1 in

the serum of lung cancer patients, and our results showed that the

serum sPD-1 level (87.99 ± 7.568, N = 108) of lung cancer patients

was significantly lower than that of the control group (190 ± 17.68,

N = 72) (Figure 1A, ***P < 0.0001); no difference was observed of

serum sPD-1 in all stages of NSCLC, while downregulation of sPD-

1 was found in early-stage NSCLC (82.98 ± 10.43, N = 71)

(Figure 1B, ***P < 0.0001). Moreover, the sPD-1 levels were

significantly lower in stage II (128.9 ± 19.96, N = 13) and stage

III (83.28 ± 11.13, N = 13) than in the control group (Figure 1B, *P

< 0.05).We found a difference in age between the control group and

the lung cancer patients; the age of the lung cancer group (57.40 ±

1.009, N = 108) was significantly higher than that of the control

group (44.65 ± 1.574, N = 72) (Supplementary Figure S1C). To

determine whether the difference in sPD-1 was due to age, we

tested the serum levels of sPD-1 at different age groups of the

control. The level of sPD-1 in the older subjects (251.0 ± 66.20,N =

10) tended to be higher than those of the young subjects (165.7 ±

20.77, N = 34) and middle-aged group (197.8 ± 29.57, N = 28), but

there was no statistical difference; similar results were observed in

lung cancer patients (Figure 1C). The serum sPD-1 levels were

significantly decreased in lung cancer patients at different age

groups than that of the control (Figure 1C, *P < 0.05, **P <

0.005, ***P < 0.0001). These results indicated that the serum sPD-1

of lung cancer patients was significantly lower than that of the

control group regardless of age.
Higher level of serum sPD-1 in
female lung cancer patients than in
male patients

To clarify whether the level of sPD-1 differs between the

sexes, we detected the serum sPD-1 expression in male and

female lung cancer patients. The results showed that the serum
frontiersin.org
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sPD-1 level of female patients (105.3 ± 15.14, N = 46) was

significantly higher than that of male patients (75.17 ± 6.571,N =

62) (Figure 2A, *P = 0.048). There was no difference in age

between male and female patients (Supplementary Figure S1A).

There was no difference in the serum sPD-1 levels between male

and female individuals in the control group. The serum levels in

both male (***P < 0.001) and female patients (P < 0.005, **P =

0.0041) with lung cancer were lower than those in the control

group (female control, 191.0 ± 20.87, N = 35; male control,189.1

± 28.48, N = 37) (Figure 2B). These results indicated that there

was a difference in the serum sPD-1 level between different

genders in lung cancer.
Higher expression of membrane PD-1 on
CD4+T cell in female lung cancer
patients than that of male patients

In the studies mentioned above, the level of sPD-1 in the

serum of female lung cancer patients was higher than that of
Frontiers in Immunology 03
male patients. To determine whether the mPD-1 expression level

was also higher in female than in male lung cancer patients, we

examined the expression of mPD-1 on T cells from peripheral

blood mononuclear cells (PBMCs). We found that the

membrane PD-1 was substantially higher in frequency

(Figure 3A, *P = 0.0431) and MFI (Figure 3B, *P = 0.0186) on

CD3+T cells from female patients compared with those derived

from male patients. A similar result was obtained on CD4+T

cells (Figure 3C, **P = 0.0093, Figure 3D, **P = 0.0056). We did

not detect a significant difference in the expression of mPD-1 on

CD8+T cells between men and women (Figures 3E, F). CD3

+/CD4+/CD8+T cells derived from NSCLC patients had a

higher mPD-1, and there was a higher level of sPD-1 in serum

(Figures 3G–I, ****P < 0.0001). These results suggest that mPD-1

might be the source of sPD-1 in lung cancer. Meanwhile, in the

control, we did not observe a difference of mPD-1 expression in

CD3+T cells (Supplementary Figure S3A), CD4+T cells

(Supplementary Figure S3B), and CD8+T cell (Supplementary

Figure S3C) between men and women. By the way, the

percentage of CD8+ PD-1+T cells was higher than that of
B

C

A

FIGURE 1

Serum sPD-1 level significantly reduced in lung cancer patients. (A) The serum concentration of soluble PD-1 (pg/ml) was analyzed in non-small
cell lung cancer (NSCLC) patients and healthy donor groups by ELISA. (B) The serum levels of sPD-1 (pg/ml) were detected in clinical stage I,
stage II, stage III, and stage IV from NSCLC patients by ELISA. (C) The sPD-1 serum levels were analyzed at different age groups of NSCLC
patients and control. Young: 22–40, middle-aged: 41–64, older: 65+ years old. *P < 0.05, **P < 0.005, ***P < 0.0001. Mann–Whitney test (two-
tailed) and non-paired Student’s t-test.
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CD4+PD-1+T cells in lung cancer patients (Figure 3L, ***P =

0.0001). In addition, we observed that the expression of mPD-1

on T cells in lung cancer patients was significantly lower than

that in the control group (Figure 3J, *P = 0.0166; Figure 3K,

**P = 0.0039). The frequency of PD-1on CD4+T cells of lung

cancer patients was lower than that of the control group

(Figure 3L, **P = 0.006). We also analyzed the MFI of PD-1

on T cells in the control group and lung cancer groups at

different ages. There was no difference between lung cancer

patients of different ages, and similar results were found in the

control group (Supplementary Figures S3D–I), although the

men in the control group were older than the women

(Supplementary Figure S3J, *P = 0.0166).

These results indicated that the expression of mPD-1 on T

cells (especially on CD4+T cell) in lung cancer patients was

consistent with that of serum sPD-1. It was different between

female and male patients, and the expression of mPD-1 on T

cells was not affected by age.
Serum testosterone level increased in
female lung cancer patients

The data mentioned above indicate that the expression of

serum sPD-1 and mPD-1 of female patients was higher than that

of male patients. Whether this is due to the sex hormone remains

uncertain. Serum estrogen decreases with age and declines

substantially in menopause, which occurs at the age of 51 years

(26). We first measured the serum levels of estradiol in female

patients. No significant difference was observed in estrogen level

between the age group over 50 years old (26.35 ± 5.883, N = 31)

and the age group under 50 years old (32.55 ± 6.715, N = 11); in

the control group, the serum estradiol levels were consistent with

the reports (26) (Figure 4A, *P = 0.0106). Our results also showed
Frontiers in Immunology 04
that NSCLC patients lack a gender difference in serum estradiol

(Supplementary Figure S3A). Compared with the control group,

no difference in estradiol levels was observed in male NSCLC

patients at different ages (Supplementary Figure S3B). In addition,

the testosterone level in female NSCLC patients (1.265 ± 0.2931,N

= 39) was approximately fivefold higher than those in the control

group (0.2566 ± 0.02916, N = 41) (Figure 4B, ***P = 0.0007). The

serum concentration of testosterone in female patients under 50

years old was higher than those in the control group (Figure 4C,

**P = 0.003). Conversely, there was a lower testosterone level in

male patients under 50 years old than those in the control group

(Figure 4D, *P = 0.0105). No difference could be demonstrated in

the testosterone levels amongmale patients of different ages nor in

the control group (Figures 4D, E), except that the testosterone

level of male patients was significantly higher than that of female

patients (Supplementary Figure S3C, ***P = 0.001). Based on the

results of the expression levels of estradiol and testosterone in lung

cancer, we found that the ratio of testosterone to estradiol (T/E) in

women was significantly higher due to the higher levels of serum

testosterone compared with the control (Figure 4F, ***P = 0.0007).

There is no significant change to the T/E ratio in men with lung

cancer in comparison with the control (Figure 4G). These

observations revealed that the sex hormone is remarkably

changed in the serum from female lung cancer patients.
Testosterone downregulates PD-1
expression on T cells

Multiple studies observed that sex hormones regulate the

expression of PD-1. Estrogen administration increased the

intracellular PD1 expression in CD4+FoxP3+T cells, and

PD1 expression was reduced in ER knockout mice (23, 27–

29). The expression of PD-1 regulated by androgen has not
BA

FIGURE 2

The level of serum sPD-1 in female lung cancer patients is higher than that in male patients. Serum sPD-1 levels were examined by ELISA.
(A) The concentration of soluble PD-1 in serum (pg/ml) was analyzed in female and male non-small cell lung cancer patients. (B) The serum
levels of sPD-1 (pg/ml) were detected in female and male controls. *P < 0.05, **P < 0.005, ***P < 0.0001; Mann–Whitney test (two-tailed) and
non-paired Student’s t-test.
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been extensively explored. Low serum sPD-1 and high

testosterone circulating levels were observed in NSCLC

female patients. To investigate PD-1 expression on T cells in

response to different concentrations of testosterone and

estrogen in vitro, we isolated PBMCs from healthy donors,
Frontiers in Immunology 05
cultured them with hormones or phosphate-buffered saline for

24 h, and detected the percentage and MFI of PD-1+CD4+T

cells and CD8+T cells by FACS. In the representative flow

cytometric analysis on CD4+/CD8-PD-1+, CD4-/CD8+PD-1+

cells which gated on CD3+T cells (Figure 5A), the frequency of
B

C D

E F

G

H

I

J K L

A

FIGURE 3

Higher expression of PD-1 on CD4+T cell in female lung cancer patients than that in male patients. Peripheral blood mononuclear cells (PBMCs)
were separated from the blood of female and male lung cancer patients and were analyzed by flow cytometry; frequency of the CD3+PD-1+T
cell (A), CD4+PD-1+T cell (C), and CD8+PD-1+T cell (E) in PBMCs from human lung cancer patients, expressed as mean ± SEM. *P < 0.05, **P
< 0.01; Mann–Whitney test (two-tailed) and nonpaired Student’s t-test. Mean fluorescence intensity (MFI) of the CD3+PD-1+T cell (B), CD4
+PD-1+T cell (D), and CD8+PD-1+T cell (F) in PBMCs from human lung cancer patients, expressed as mean ± SEM. *P < 0.05, Mann–Whitney
test (two-tailed) and nonpaired Student’s t-test; ligature between the expression of mPD-1 on CD3+T cell (G), CD4+T cell (H), CD8+T cell
(I), and serum sPD-1 on individual from lung cancer patients. (J) Percentage of CD3+PD-1+T cells in PBMCs from control and lung cancer
patients. (K) MFI of CD3+PD-1+T cells in PBMCs from control and lung cancer patients. (L) Percentage of CD4+/CD8+PD-1+T cells in PBMCs
from control and lung cancer patients, expressed as mean ± SEM. *P < 0.05, **P < 0.01, ****P < 0.0001, Mann–Whitney test (two-tailed) and
nonpaired Student’s t-test.
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CD8+PD-1+ cells increased after testosterone and estrogen

treatment with T/E ratios of 1:50, 1:20, 1:10, and 1:5

(Supplementary Figure S4A), whereas we found that the MFI

of PD-1 on CD8+T cells decreased when given the testosterone

and estrogen treatment, but no direct association between the

dose of treatment and downregulation of PD-1 had been

observed (Figure 5B, *P < 0.05, **P < 0.01). The MFI of PD-1
Frontiers in Immunology 06
on CD4+T cells was decreased after application of the

testosterone and estrogen treatment (Figure 5C). The

frequency of CD4+PD-1+T cells was significantly reduced

with the 10 nM androgen and 20 nM estrogen treatment

(Supplementary Figure S4B, *P < 0.05). These results

indicated that the increased level of testosterone could inhibit

the expression of PD-1 on T cells, especially on CD8+T cells.
B

C D

E F G

A

FIGURE 4

Serum concentration of sex hormone in lung cancer patients. The serum estradiol and testosterone levels were examined by CMIA. (A) The
concentration of estradiol in serum (pg/ml) was analyzed in female non-small cell lung cancer (NSCLC) patients and control at different ages.
(B) The serum levels of testosterone (ng/ml) were detected in female NSCLC patients and control. (C) The serum concentration of testosterone
(ng/ml) was analyzed in female NSCLC patients and control at different ages. (D) The concentration of estradiol in serum (pg/ml) was analyzed
in male NSCLC patients and control at different ages. (E) The serum concentration of testosterone (ng/ml) was examined in male NSCLC
patients and control. (F) Ratio of testosterone to estradiol (T/E) in women with lung cancer and control. (G) Ratio of testosterone to estradiol (T/
E) in men with lung cancer and control. *P < 0.05, **P < 0.005, ***P < 0.0001; Mann–Whitney test (two-tailed) and non-paired Student’s t-test.
E2, estrogen; T/E, androgen/estrogen.
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Reduced expression of estrogen
receptor/androgen receptor on T cells in
lung cancer patients

Hormones play physiological functions by binding to their

receptors. It has been known that an estrogen receptor (ER) was

found in T cell subsets (30). Studies have demonstrated that the

androgen receptor (AR) was expressed on lymphocytes (31).

Very little is known about whether the expressions of ERs and
Frontiers in Immunology 07
ARs vary between lung cancer patients and control subjects. We

detected the expression of AR and ER on CD3+T, CD4+T, and

CD8+T cells in lung cancer patients, and there was no difference

between men and women (Figures 6A, B). Both in female and

male patients, CD8+T cells had a higher expression of AR and

ER, corresponding to CD4+T cells (Figures 6C, D, ***P < 0.0001).

No difference in the expression of hormone receptors on T cells

in lung cancer patients was observed between under those who

were 50 years old and over 50 years old (Figures 6E, F). These
B

C

A

FIGURE 5

The MFI of mPD-1+ CD4+/CD8+T cells from healthy control was analyzed by FACS. Peripheral blood mononuclear cells (PBMCs) were treated
24 h with different concentrations of estrogen (10, 20, and 50 nmol) and androgen (1 and 10 nmol). (A) Frequency of CD4+/CD8-PD-1+ cells
and CD4-/CD8+PD-1+ cells which gated on CD3+T cells treated with the ratio of T/E at 1:50 (1 nmol androgen and 50 nmol estrogen), 1:20 (1
nmol androgen and 20 nmol estrogen), 1:10 (1 nmol androgen and 10 nmol estrogen), 1:5 (1 nmol androgen and 5 nmol estrogen); 1:2 (1 nmol
androgen and 2 nmol estrogen), and 1:1 (1 nmol androgen and 1 nmol estrogen) (healthy donor, n = 3). The MFI of CD8+PD-1+T cell (B) and
CD4+PD-1+T cell (C) in PBMCs with the ratio of T/E at 1:50, 1:20, 1:10, 1:5, 1:2, and 1:1. *P < 0.05, **P < 0.01. Mann–Whitney test (two-tailed)
and paired Student’s t-test. T/E, androgen/estrogen; MFI, mean fluorescence intensity.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.1026214
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Gu et al. 10.3389/fimmu.2022.1026214
results showed that the expression of hormone receptors on the T

cells was regardless of gender and age. AR and ER were

substantially lower in frequency on CD3+T cells and CD4

+/CD8+T cells from NSCLC patients compared with those

derived from the control group, and a higher expression of AR

and ER on CD8+T cells than that of CD4+T cells was observed in

the control and lung cancer patients (Figures 6G–J, ****P <

0.0001). The results indicated that the expression of hormone

receptors on the surface of CD4+T cells and CD8+T cells

presents a distinct pattern.
Correlation analysis of expression of
mPD-1 and ER/AR on T cells of lung
cancer patients

We observed that the ER and AR expressions in NSCLC are

higher in CD8+T cells than in CD4+T cells. Similarly, mPD-1

expression is higher in CD8+T cells than in CD4+T cells. To

investigate the effect of the expression of hormone receptors

and mPD-1 which were derived from CD3, CD4, and CD8T

cells, we performed a linear regression analysis between the

frequency of hormone receptors and mPD-1. ER expression

did not correlate with mPD-1 on CD3+, CD4+, and CD8+T

cells in NSCLC patients (Supplementary Figure S5A); however,

ER shows a positive correlation with mPD-1 on CD3+T cells

(Supplementary Figure S5A, R2 = 0.376, ****P < 0.0001),

CD4+T cells (Supplementary Figure S5A, R2 = 0.3996, ****P

< 0.0001), and CD8+T cells (Supplementary Figure S5A, R2 =

0.265, **P = 0.0013) from the healthy control. Similar results

show that the expression of AR and mPD-1 on T cells was not

correlated in NSCLC patients (Supplementary Figure S5B), and

that of AR was correlated with mPD-1 on CD4+T cells from

the healthy control . This correlation is significant

(Supplementary Figure S5B, R2 = 0.1374, *P = 0.03). Next,

we investigated the correlation of ER and AR. Significantly

positive correlations were observed between AR and ER on

CD3+T cells (Supplementary Figure S5C, R2 = 0.2908, **P =

0.0017, CD4+T cells (Supplementary Figure S5C, R2 = 0.5356,

****P < 0.0001) and CD8+T cells (Supplementary Figure S5C,

R2 = 0.2812, **P = 0.0022) from NSCLC patients. Similar

findings were investigated in the control group, such as (1)

AR and ER on CD3+T cells (Supplementary Figure S5C, R2 =

0.4077, ****P < 0.0001), (2) AR and ER on CD4+T cells

(Supplementary Figure S5C, R2 = 0.6476, ****P < 0.0001),

and (3) AR and ER on CD8+T cells (Supplementary Figure

S5C, R2 = 0.3234, ***P = 0.0003). These results altogether

demonstrated that hormone receptors do not correlate with

mPD-1 in NSCLC patients; these results also demonstrated the

positive correlation between ER and AR.
Frontiers in Immunology 08
Discussion

The purpose of our study was to investigate the expression

level of PD-1 (including PD-1 in serum and membrane PD-1 on

T cells) in NSCLC between male and female patients. We found

that the serum sPD-1 from NSCLC patients is significantly

decreased compared with that of tumor-free individuals,

especially in phase I of NSCLC patients, suggesting that sPD-1

can serve as a potential marker for the early diagnosis of

lung cancer.

Different studies have shown that the expression of soluble

PD-1 in the serum is inconsistent in various tumor types. sPD-1

level is increased in melanoma and renal carcinoma (22), but our

studies demonstrated that the expression level of serum sPD-1

was decreased in NSCLC. Two reasons could explain the decline

of sPD-1; one of the reasons may be related to the binding of the

ligand to PD-L1. The expression of membrane-bound PD-L1

which was present on the surface of tumor cells and sPD-L1 in

the serum of patients with NSCLC was increased and associated

with lung cancer TNM staging and prognosis (32, 33). PD-L1

has been used as a biomarker for lung cancer diagnosis. In

NSCLC patients, the expression of PD-L1 increased on tumor

cells. The sPD-1 in serum combined with PD-L1, which then led

to a decline of detectable serum sPD-1. From this point of view,

our study is consistent with Steffen’s research, whose report

indicated that increased sPD-1 was associated with better

prognosis with advanced EGFR-mutated NSCLC patients

treated with erlotinib (24).

Another reason may be related to the reduction of sPD-1

production. At present, the source of sPD-1 is still unclear. PD-

1 is encoded by pdcd1gene, and sPD-1 belongs to the PD-

1dealt ex3 splice variant and lacks the transmembrane domain.

The downregulation of pdcd1 gene could lead to the decreased

expression of sPD-1 and mPD-1. We observed that the

expression of mPD-1 on T cells and CD4+T cells in lung

cancer patients was significantly lower than that in the control

group (Figure 3L), although a definitive positive correlation

between the serum sPD-1 level and MFI of mPD-1 on T cells

was not observed. We found that both of them show a

consistent trend of change. NSCLC patients with high serum

sPD-1 levels also have a high expression of mPD-1 on T cells.

Patients with low serum sPD-1 levels also have a relatively low

expression of mPD-1on T cells. Further work is needed to

reveal the relationship between serum sPD-1 level and mPD-1

expression on T cells in NSCLC patients with immune

checkpoint blockade (ICB) treatment. We collected the

NSCLC samples of those who were treated with anti-PD-L1

or anti-PD-1 immunotherapy and observed the changes in the

level of sPD-1 and mPD-1 that would be direct clinical

evidence for evaluating the response to ICB and exploring

the application in drug therapy.
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Our study also investigated that the level of sPD-1 was

reduced in male patients compared with that in female

patients. There was no difference in the estrogen levels

between men and women with lung cancer. The testosterone
Frontiers in Immunology 09
level of male patients was significantly higher than that of female

patients. We also observed a higher testosterone level in female

patients than in control subjects, while a lower serum sPD-1

level was found in female patients than in the control. Due to the
B C

D E

F

G H

I J

A

FIGURE 6

The distribution of estrogen receptor (ER) and androgen receptor (AR) on T cells in lung cancer patients was analyzed by FACS. Representative
flow cytometric analyses of AR and ER expression on CD3 T cells (A) and representative flow cytometric analyses of CD4+/CD8-ER+, CD8
+/CD4-ER+T cells (top quadrant), CD4+/CD8-AR+, and CD8+/CD4-AR+T cells (bottom quadrant), gated on the CD3 populations (B). The
percentage of AR expression on T cells (C) and ER expression on T cells (D) in CD3, CD4, and CD8 T cells from female and male lung cancer
patients. The percentage of AR expression on T cells (E) and ER expression on T cells (F) in CD3, CD4, and CD8 T cells from lung cancer
patients at different ages. The percentage of AR (G) and ER (H) expression on CD3+T cells from lung cancer patients and control. The
percentage of AR (I) and ER (J) expression on CD4/CD8+T cells from lung cancer patients and control. ***P < 0.001, ****P < 0.0001; Mann–
Whitney test (two-tailed) and nonpaired Student’s t-test. * P<0.05, **P<0.01.
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older age of onset of tumor patients compared with the control

and in order to make our laboratory research meaningful to

clinical, in further research, we expanded the samples of NSCLC

in female patients and compared the expression level of

testosterone and sPD-1 in the same age group with the control

group. In our study, although we cannot observe the direct

inhibitory effect of testosterone on sPD-1 expression, as we have

discussed before, the changes of sPD-1 and mPD-1 are

consistent. Considering that estrogen and androgens are

present in the body of both men and women, we treated the

PBMCs from healthy donors with testosterone and estrogen but

gradually increase the concentration of testosterone. The mPD-1

expression on T cells was inhibited without being dose

dependent. In general, androgens have immunosuppressive

roles on the immune responses. Testosterone increased the

Tregs expansion and TGF-b production, and the negative

selection of thymocytes promotes central self-tolerance.

Testosterone inhibits Th1 differentiation and cytokine

production (IL-12 and IFN-g). Testosterone also causes the

death of effector T cells, limits the peripheral lymphocyte

compartment, and suppresses the inflammation responses

(34), but the mechanism of testosterone’s inhibition of PD-1

expression needs to be further explored.

Sex hormone mediates the physiological role by ligand–

receptor interaction. Immune cells express sex hormone

receptors and respond to sex hormones (35). Researchers

reported that suppressor/cytotoxic lymphocytes express ERs,

while helper lymphocytes were found in the absence of

receptors for steroid hormones (36, 37). There are very

limited reports on the difference in AR expression among

different T cell subsets. Our research found that gender and

age did not affect the expression of the hormone receptors (AR

and ER) on the surface of T cells. The expression of AR and ER

on CD8 T cells is higher than that on CD4 T cells. We also

observed that both the frequency of CD8+PD-1+T cell and the

MFI of PD-1on CD8+T cell are higher than those of CD4+T

cells in NSCLC. Our results showed that positive a correlation

was observed between the expression of hormone receptors

and mPD-1 both on T cells from the control subjects, but in

lung cancer patients, no statistically significant correlation was

detected. Meanwhile, an inverse correlation trend was observed

between the expression of ER and PD-1 on CD3 T cells in

NSCLC. A study reported that high estrogen receptor

downregulated the expression PD-1/PD-L1 in breast cancer, thus

leading to the reduction of CD8+T cells infiltrating the tumor by

inhibiting the IL-17 signal transduction (38). Whether there is a

similar mechanism for PD-1 expression regulated by ER on

different cells requires further research. Another question worth

discussing is the positive correlation between the expression of ER

and PD-1 on T cells in the control group. Furthermore, we found a

positive correlation between the expressionofAR andERonT cells

both in NSCLC patients and control subjects. It illustrates that the

expression level of PD-1 in NSCLC patients has changed a lot,
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which is likely to be mediated by the hormone and hormone

receptor interactions.

In conclusion, our study demonstrated that the serum sPD-1

level was significantly reduced in NSCLC patients and that a

higher level of serum sPD-1 was found in female patients than in

male patients, and the increased testosterone level

downregulated the expression of mPD-1 on T cells. This

finding provides a better understanding of the differences in

PD-1 expression between genders in NSCLC patients and the

effect of sex hormones on PD-1 expression and supplies evidence

for early lung cancer diagnosis and responsiveness to ICB.
Materials and methods

Ethics statement

Written informed consent was obtained from all patients

and tumor-free donors. This study was approved by the ethics

committees of the Zhong Shan School of Medicine, Sun Yat-Sen

University (Guangzhou, China), and the First Affiliated Hospital

of Sun Yat-Sen University (Guangzhou, China).
Study participants

In total, 108 NSCLC patients were enrolled from the First

Affiliated Hospital of Sun Yet-San University of Guang Zhou,

China, with 46 female and 62 male patients, and their ages

ranged from 28 to 83 years old: six young patients (ages 22–40:

four men and two women), 72 middle-aged patients (ages 41–64:

39 men and 33 women), and 30 older subjects (65+: 19 men and

11 women). The diagnosis of lung cancer was based on

pathological evidence (detected by histological staining), with

phase I (73 cases), phase II (13 cases), phase III (13 cases), and

phase IV (11 cases) (shown in Table 1). Patients whose serology

tested positive for HIV, HBV, and HCV and those who were free

of other tumors were excluded from the study. None of the

patients received cancer-related chemotherapy during the period

of collecting the samples. In total, 72 tumor-free donors were

recruited for blood collection (with age range from 21 to 82

years), with a total of 37 female and 35 male individuals (shown

in Table 2). Those whose serology tested positive for HIV, HBV,

and HCV and those who were free of tumors were excluded

from the study.
Blood samples

Blood was collected intravenously from each participant. The

samples were centrifuged at 3,000 rpm for 10 min at 4°C. The

supernatant was transferred to Eppendorf tubes and centrifuged at

12,000 rpm for 10 min at 4°C. The serum was isolated and stored at
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−80°C for subsequent ELISA assays. All patients had pathologist-

confirmed NSCLC and adenocarcinoma or adeno-squamous

histologic subtype and stage according toWHO classification 200438.
Soluble PD-1 ELISA

A commercial ELISA kit (Thermo, catalog EHPDCD1) was

used to test the sPD-1 concentration in 100 ul serum without

dilution. The assay procedures were performed according to the

manufacturer’s instructions. The concentration of soluble PD-1

was determined by the mean optical density of 450 nm of the

two duplicates analyzed, and a standard curve was fitted with

four-parameter logistic regression.
Serum estradiol and testosterone CMIA

A commercial Estradiol Reagent Kit (Abbott, ref. 7K72/

07P50) and a commercial 2nd Generation Testosterone Reagent

Kit (Abbott, ref. 2P13/07P68) were used to test the estradiol/

testosterone concentration in the serum. The assay procedures

were performed according to the manufacturer’s instructions.

Acridinium ester, as a label, was combined with estradiol/

testosterone. In the reaction system, the chemiluminescence

reaction produced by the acridine ester was measured and
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expressed in relative luminescence units (RLUs). There is an

inverse relationship between the amount of estradiol/

testosterone in the sample and the value of RLUs as detected by

the optical system. The estradiol/testosterone concentrations were

calculated from a calibration curve of known estradiol/

testosterone concentrations.
Preparation of PBMCs

PBMCs were isolated by Ficoll-Hypaque (Tian Jin Hao Yang

Biological Manufacture Co., Ltd., China, catalog LTS1077)

gradient centrifugation of sodium heparin–blood obtained

from healthy donors or lung cancer patients.
Flow cytometry

Fluorescently conjugated antibodies were purchased from BD

Biosciences, eBioscience, TONBO biosciences, and Bioss for

phenotypic analyses. The following panel of mouse anti-human

mAbs was used: APC.cy7-conjugated anti-CD3 (BD Biosciences,

557832, SK7) was purchased from BD Biosciences (San Jose, CA,

USA), Percp.cy5.5-conjugated anti-CD4 (TONBO biosciences, 65-

0048-T100, OKT4) was purchased from TONBO biosciences, Inc.

(San Diego, CA, USA), PE-conjugated anti-PD-1 (eBioscience,12-

2799-42, eBioJ105) was purchased from eBioscience, Inc. (San

Diego, CA, USA), and AF-488-conjugated-anti-AR (Bioss, bs-

0118R-AF488) and APC-conjugated-ER (Bioss, bs-0174R-APC)

were both purchased from Bioss Antibodies Inc. (Woburn,

Massachusetts, USA). Estradiol valerate (Selleckchem, S4757) and

dihydrotestosterone (Selleckchem, S3149) were all purchased from

Selleckchem (Houston, TX, USA). The PBMCs from healthy

donors and lung cancer patients were stained for flow cytometry.

The cells were then harvested and stained for flow cytometric

analysis. All samples were collected on FACSAria II BD (Mountain
TABLE 1 Non-small cell lung cancer patient samples.

Age NSCLC-patients (n%) P value tumor Free (n%) P value

22-40 (young age) 6 (5.5) 0.47 ( one-way ANOVA 34 (17) 0.27 ( one-way ANOVA

41-64 (middle-age) 72 (66.7) and nonparametric) 28 (38.9) and nonparametric)

>=65 (old age) 30 (27.8) 10 (13.9)

Stage

I 71 (65.7) 0.12 ( one-way ANOVA

II 13 (12) and nonparametric)

III 13 (12)

IV 11 (10.2)

Gender

Male 62 (57.4) 0.92 35 (48.6) 0.54

Female 46 (42.6) 37 (51.4)
TABLE 2 Healthy donor samples.

Feature Cases

Age

22-40 34

41-64 28

65+ 10

Gender

Male 35

Female 37
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View, CA, USA). Data were analyzed using Flow Jo software (Tree

Star, San Carlos, CA, USA).
Statistics

Statistical analysis was performed on the GraphPad Prism

software version 5. The Mann–Whitney test (two-tailed) and

non-paired Student’s t-test were performed to determine the

statistical differences in the two groups. A value of P < 0.05 was

considered statistically significant. Statistical associations

between groups and gender were assessed using Chi-square

test. P< 0.05 means deference in statistics. The analysis

software is SPSS version 20.
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SUPPLEMENTARY FIGURE 1

Non-small cell lung cancer (NSCLC) and control sample information. (A)
Analysis of sexes and age distributions from NSCLC. (B) The analysis of

sexes and age distributions from control. (C) Analysis of age distributions
for both NSCLC and control. ***P < 0.0001; Mann–Whitney test (two-

tailed) and non-paired Student’s t-test.

SUPPLEMENTARY FIGURE 2

The expression of mPD-1 on T cells in lung cancer patients and control
at different ages. The percentage and MFI of CD3+PD-1+T cell (A), CD4

+PD-1+T cell (B), and CD8+PD-1+T cell (C) in peripheral blood
mononuclear cells (PBMCs) from control. The MFI of the CD3+PD-1

+T cell (D), CD4+PD-1+T cell (E), and CD8+PD-1+T cell (F) in PBMCs

from human lung cancer patients in young, middle-aged, and old
subjects. The MFI of the CD3+PD-1+T cell (G), CD4+PD-1+T cell (H),
and CD8+PD-1+T cell (I) in PBMCs from control in groups under 40
years old and above 40 years old. (J) Analysis of age distribution

between men and women in the control. *P < 0.05, ***P < 0.001,
****P < 0.0001, Mann–Whitney test (two-tailed) and nonpaired

Student’s t-test. Young, 21–40 years old age group; middle-aged, 41–

64 years old age group; old subjects, 65+ years old; LC, lung cancer;
MFI, mean fluorescence intensity.

SUPPLEMENTARY FIGURE 3

Serum concentration of estradiol and testosterone in lung cancer
patients. The serum estradiol and testosterone levels were examined by

CMIA. (A) The serum concentration of estradiol (pg/ml) was analyzed in

non-small cell lung cancer (NSCLC) patients. (B) The serum levels of
estradiol (pg/ml) were detected in male NSCLC patients and control at

different ages. (C) The serum concentration of testosterone (ng/ml) was
analyzed in NSCLC patients. ***P < 0.0001; Mann–Whitney test (two-

tailed) and non-paired Student’s t-test. E2, estradiol.
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SUPPLEMENTARY FIGURE 4

The percentage of mPD-1+ CD4+/CD8+T cells from healthy control was
analyzed by FACS. Peripheral blood mononuclear cells (PBMCs) were

treated for 24 h with different concentrations of estrogen (10, 20, and 50
nmol) and androgen (1 and 10 nmol). (A) The frequency of CD8+PD-1+T

cells (A) and CD4+PD-1+T cells (B)which were treated with the ratio of T/
E at 1:50 (1 nmol androgen and 50 nmol estrogen), 1:20 (1 nmol androgen

and 20 nmol estrogen), 1:10 (1 nmol androgen and 10 nmol estrogen), 1:5
(1 nmol androgen and 5 nmol estrogen), 1:2 (1 nmol androgen and 2 nmol

estrogen), and 1:1 (1 nmol androgen and 1 nmol estrogen) (healthy donor,

n = 3). *P < 0.05, Mann–Whitney test (two-tailed) and paired Student t-
test. T/E, androgen/estrogen.
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SUPPLEMENTARY FIGURE 5

Correlation analysis of the expression of mPD-1 and ER/AR on T cells. (A)
Correlation between the expression of ER and mPD-1 on CD3 T cells,

CD4 T cells, and CD8 T cells from non-small cell lung cancer (NSCLC) and
control subjects. (B) Correlation between the expression of AR and mPD-

1 on CD3 T cells, CD4 T cells, and CD8 T cells from NSCLC and control
subjects. (C) Correlation between the expression of ER and AR on CD3 T

cells, CD4 T cells, and CD8 T cells from NSCLC and control subjects. P-
values were obtained by two-tailed Spearman’s test. Linear regression

analysis was performed in GraphPad Prism to get the R2 and P-values. R2,

goodness of fit; P, significance of the slope deviation from zero; NS, non-
significant (n = 36).
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1. Rzechonek A, Błasiak P, Muszczyńska-Bernhard B, Pawełczyk K, Pniewski G,
Ornat M, et al. Metachronous lung cancer: Clinical characteristics and effects of
surgical treatment. Adv Exp Med Biol (2017) 1039: 9–17. doi: 10.1007/5584-2017-
82

2. Siegel RL, Miller KD, Jemal A. Cancer statistics. CA Cancer J Clin (2017) 67
(1):7–30. doi: 10.3322/caac.21387

3. Hirsch FR, Scagliotti GV, Mulshine JL, Kwon R, Curran WJJr, Wu YL, et al.
Lung cancer: current therapies and new targeted treatments. Lancet (2017) 389
(10066):299–311. doi: 10.1016/S0140-6736(16)30958-8

4. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics
in china, 2015. Ca: A Cancer J Clin (2016) 66(2):115–32. doi: 10.3322/caac.21338

5. Ghosal R, Kloer P. Lewis KE. a review of novel biological tools used in
screening for the early detection of lung cancer. Postgrad Med J (2009) 85
(1005):358–63. doi: 10.1136/pgmj.2008.076307

6. Cook MB, McGlynn KA, Devesa SS, Freedman ND, Anderson WF. Sex
disparities in cancer mortality and survival. cancer epidemiol. Biomarkers Prev
(2011) 20:1629–37. doi: 10.1158/1055-9965.EPI-11-0246

7. Sawyer CC. Child mortality estimation: estimating sex differences in
childhood mortality since the 1970s. PloS Med (2012) 9:e1001287. doi: 10.1371/
journal.pmed.1001287

8. Lin PY, Sun L, Thibodeaux SR, Ludwig SM, Vadlamudi RK, Hurez VJ,
et al. B7-H1-dependent sex-related differences in tumor immunity and
immunotherapy responses. J Immunol (2010) 185:2747–53. doi: 10.4049/
jimmunol.1000496

9. Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and its ligands in tolerance
and immunity. Ann Rev Immunol (2008) 26:677–704. doi: 10.1146/
annurev.immunol.26.021607.090331

10. Dermani FK, Samadi P, Rahmani G, Kohlan AK, Najafi R. PD-1/PD-L1
immune checkpoint: Potential target for cancer therapy. J Cell Physiol (2019) 234
(2):1313–25. doi: 10.1002/jcp.27172

11. Doroshow DB, Bhalla S, Beasley MB, Sholl LM, Kerr KM, Gnjatic S, et al.
PD-L1 as a biomarker of response to immune-checkpoint inhibitors. Nat Rev Clin
Oncol (2021) 18(6):345–62. doi: 10.1038/s41571-021-00473-5

12. Konishi J, Yamazaki K, Azuma M, Kinoshita I, Dosaka-Akita H, Nishimura
M. B7-H1 expression on non-small cell lung cancer cells and its relationship with
tumor infiltrating lymphocytes and their PD-1 expression. Clin Cancer Res (2004)
10:5094–100. doi: 10.1158/1078-0432.CCR-04-0428

13. Xia L, Liu Y, Wang Y. PD-1/PD-L1 blockade therapy in advanced non-
Small-Cell lung cancer: Current status and future directions. Oncologist (2019) 24
(Suppl 1):S31–41. doi: 10.1634/theoncologist.2019-IO-S1-s05

14. Greisen SR, Rasmussen TK, Stengaard-Pedersen K, Hetland ML,
Hørslev-Petersen K, Hvid M, et al. Increased soluble programmed death-1
(sPD-1) is associated with disease activity and radiographic progression in
early rheumatoid arthritis. Scand J Rheumatol (2014) 43:101–8. doi: 10.3109/
03009742.2013.823517

15. Ni YG, Yuan X, Newitt JA, Peterson JE, Gleason CR, Haulenbeek J, et al.
Development and fit-for-Purpose validation of a soluble human programmed death-1
protein assay. AAPS J (2015) 4:976–87. doi: 10.1208/s12248-015-9762-4
16. Sorensen SF, Demuth C, Weber B, Sorensen BS, Meldgaard P. Increase in
soluble PD-1 is associated with prolonged survival in patients with advanced
EGFR-mutated non small cell lung cancer treated with erlotinib. Lung Cancer
(2016) 100:77–84. doi: 10.1016/j.lungcan.2016.08.001

17. Zhou J, Mahoney KM, Giobbie-Hurder A, Zhao F, Lee S, Liao X, et al.
Soluble PD-L1 as a biomarker in malignant melanoma treated with checkpoint
blockade. Cancer Immunol Res (2017) 5(6):480–92. doi: 10.1158/2326-6066.CIR-
16-0329

18. Okuma Y, Hosomi Y, Nakahara Y, Watanabe K, Sagawa Y, Homma S. High
plasma levels of soluble programmed cell death ligand 1 are prognostic for reduced
survival in advanced lung cancer. Lung Cancer (2017) 104:1–6. doi: 10.1016/
j.lungcan.2016.11.023

19. Cheng S, Zheng J, Zhu J, Xie C, Zhang X, Han X, et al. PD-L1 gene
polymorphism and high level of plasma soluble PD-L1 protein may be associated
with non-small cell lung cancer. Int J Biol Markers (2015) 30(4):e364–8. doi:
10.5301/jbm.5000170

20. Pardol l DM. The blocked of immune checkpoints in cancer
immunotherapy. Nat Rev Cancer (2012) 12(4):252–64. doi: 10.1038/
nrc3239

21. Ma H, Mao G, Zhang G, Huang H. The expression and clinical signification
of PD-1 in lymph nodes of patients with non-small cell lung cancer. Immunol
Invest (2017) 11:1–8. doi: 10.1080/08820139.2017.1341521

22. Ahmadzadeh M, Johnson LA, Heemskerk B, Wunderlich JR, Dudley ME,
White DE, et al. Tumor antigen-specific CD8 T cells infiltrating the tumor express
high levels of PD-1 and are functionally impaired. Blood (2009) 114:1537–44. doi:
10.1182/blood-2008-12-195792

23. Peters M, Pearlman A, Terry W, Mott SL, Monga V. Testosterone deficiency
in men receiving immunotherapy for malignant melanoma. Oncotarget (2021) 12
(3):199–208. doi: 10.18632/oncotarget.27876

24. Ueda H, Howson JM, Esposito L, Heward J, Snook H, Chamberlain G, et al.
Association of the T cell regulatory gene CTLA4 with susceptibility to autoimmune
disease. Nature (2003) 423:506–11. doi: 10.1038/nature01621

25. Wan B, Nie H, Liu A, Feng G, He D, Xu R, et al. Aberrant regulation of
synovial T cell activation by soluble co-stimulatory molecules in rheumatoid
arthritis. J Immunol (2006) 177:8844–50. doi: 10.4049/jimmunol.177.12.
8844

26. Stanford JL, Hartge P, Brinton LA, Hoover RN, Brookmeyer R. Factors
influencing the age at natural menopause. J Chronic Dis (1987) 40(11):995–1002.
doi: 10.1016/0021-9681(87)90113-5

27. Dinesh RK, Hahn BH, Singh RP. PD-1, gender, and autoimmunity.
Autoimmun Rev (2010) 9:583–7. doi: 10.1016/j.autrev.2010.04.003

28. Wang C, Dehghani B, Li Y, Kaler LJ, Vandenbark AA, Offner H. Oestrogen
modulates experimental autoimmune encephalomyelitis and interleukin-17
production via programmed death 1. Immunology (2009) 126:329–35. doi:
10.1111/j.1365-2567.2008.03051.x

29. Wang C, Dehghani B, Li Y, Kaler LJ, Proctor T, Vandenbark AA, et al.
Membrane estrogen receptor regulates experimental autoimmune
encephalomyelitis through up-regulation of programmed death1. J Immunol
(2009) 182:3294–303. doi: 10.4049/jimmunol.0803205
frontiersin.org

https://doi.org/10.1007/5584-2017-82
https://doi.org/10.1007/5584-2017-82
https://doi.org/10.3322/caac.21387
https://doi.org/10.1016/S0140-6736(16)30958-8
https://doi.org/10.3322/caac.21338
https://doi.org/10.1136/pgmj.2008.076307
https://doi.org/10.1158/1055-9965.EPI-11-0246
https://doi.org/10.1371/journal.pmed.1001287
https://doi.org/10.1371/journal.pmed.1001287
https://doi.org/10.4049/jimmunol.1000496
https://doi.org/10.4049/jimmunol.1000496
https://doi.org/10.1146/annurev.immunol.26.021607.090331
https://doi.org/10.1146/annurev.immunol.26.021607.090331
https://doi.org/10.1002/jcp.27172
https://doi.org/10.1038/s41571-021-00473-5
https://doi.org/10.1158/1078-0432.CCR-04-0428
https://doi.org/10.1634/theoncologist.2019-IO-S1-s05
https://doi.org/10.3109/03009742.2013.823517
https://doi.org/10.3109/03009742.2013.823517
https://doi.org/10.1208/s12248-015-9762-4
https://doi.org/10.1016/j.lungcan.2016.08.001
https://doi.org/10.1158/2326-6066.CIR-16-0329
https://doi.org/10.1158/2326-6066.CIR-16-0329
https://doi.org/10.1016/j.lungcan.2016.11.023
https://doi.org/10.1016/j.lungcan.2016.11.023
https://doi.org/10.5301/jbm.5000170
https://doi.org/10.1038/nrc3239
https://doi.org/10.1038/nrc3239
https://doi.org/10.1080/08820139.2017.1341521
https://doi.org/10.1182/blood-2008-12-195792
https://doi.org/10.18632/oncotarget.27876
https://doi.org/10.1038/nature01621
https://doi.org/10.4049/jimmunol.177.12.8844
https://doi.org/10.4049/jimmunol.177.12.8844
https://doi.org/10.1016/0021-9681(87)90113-5
https://doi.org/10.1016/j.autrev.2010.04.003
https://doi.org/10.1111/j.1365-2567.2008.03051.x
https://doi.org/10.4049/jimmunol.0803205
https://doi.org/10.3389/fimmu.2022.1026214
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Gu et al. 10.3389/fimmu.2022.1026214
30. Patel S, Homaei A, Raju AB, Meher BR. Estrogen: The necessary evil for
human health, and ways to tame it. BioMed Pharmacother (2018) 102:403–11. doi:
10.1016/j.biopha.2018.03.078

31. Hsu LH, Chu NM, SH.Estrogen K. Estrogen receptor and lung cancer. Int J
Mol Sci (2017) 18(8):1713. doi: 10.3390/ijms18081713

32. Pan X, Zhong A, Xing Y, Shi M, Qian B, Zhou T, et al. Increased soluble and
membrane-bound PD-L1 contributes immune regulation and disease progression
in patients with tuberculous pleural effusion. Exp Ther Med (2016) 12(4):2161–8.
doi: 10.3892/etm.2016.3611

33. Topalian SL, Taube TM, Anders RA, Pardoll DM. Mechanism-driven
biomarkers to guide immune checkpoint blockade in cancer therapy. Nat Rev
Cancer (2016) 16(5):275–87. doi: 10.1038/nrc.2016.36

34. Klein SL, Flanagan KL. Sex differences in immune responses. Nat Rev
Immunol (2016) 16(10):626–38. doi: 10.1038/nri.2016.90
Frontiers in Immunology 14
35. Sellau J, Groneberg M, Lotter H. Androgen-dependent immune modulation
in parasitic infection. Semin Immunopathol (2019) 41:213–24. doi: 10.1007/s00281-
018-0722-9

36. Cohen JH, Danel L, Cordier G, Saez S, Revillard JP. Sex steroid
receptors in peripheral T cells: absence of androgen receptors and
restriction of estrogen receptors to OKT8-positive cells. J Immunol (1983)
131:2767–71.

37. Stimson WH. Oestrogen and human T lymphocytes: presence of specific
receptors in the T-suppressor/cytotoxic subset. Scand J Immunol (1988) 28:345–50.
doi: 10.1111/j.1365-3083.1988.tb01459.x

38. Shuai C, Yang X, Pan H, Han W. Estrogen receptor downregulates
expression of PD-1/PD-L1 and infiltration of CD8+ T cells by inhibiting IL-17
signaling. transduction in breast cancer. Front Oncol (2020) 10:582863. doi:
10.3389/fonc.2020.582863
frontiersin.org

https://doi.org/10.1016/j.biopha.2018.03.078
https://doi.org/10.3390/ijms18081713
https://doi.org/10.3892/etm.2016.3611
https://doi.org/10.1038/nrc.2016.36
https://doi.org/10.1038/nri.2016.90
https://doi.org/10.1007/s00281-018-0722-9
https://doi.org/10.1007/s00281-018-0722-9
https://doi.org/10.1111/j.1365-3083.1988.tb01459.x
https://doi.org/10.3389/fonc.2020.582863
https://doi.org/10.3389/fimmu.2022.1026214
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Sex difference in the expression of PD-1 of non-small cell lung cancer
	Introduction
	Results
	Serum sPD-1 level was significantly reduced in patients with lung cancer
	Higher level of serum sPD-1 in female lung cancer patients than in male patients
	Higher expression of membrane PD-1 on CD4+T cell in female lung cancer patients than that of male patients
	Serum testosterone level increased in female lung cancer patients
	Testosterone downregulates PD-1 expression on T cells
	Reduced expression of estrogen receptor/androgen receptor on T cells in lung cancer patients

	Correlation analysis of expression of mPD-1 and ER/AR on T cells of lung cancer patients
	Discussion
	Materials and methods
	Ethics statement
	Study participants
	Blood samples
	Soluble PD-1 ELISA
	Serum estradiol and testosterone CMIA
	Preparation of PBMCs
	Flow cytometry
	Statistics

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


