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Women with colorectal cancer (CRC) have survival advantages over men, yet the
underlying mechanisms are unclear. T cell infiltration within the CRC tumor
microenvironment (TME) correlates strongly with survival. We hypothesized that
women with CRC have increased T cell infiltration and differential gene expression
in the TME compared to men. Tissue microarrays comprising primary tumor,
tumor infiltrated lymph nodes, and uninvolved colon were created from CRC
patients. Proportions of CD4 positive (CD4+) and CD8 positive (CD8+) T cells were
identified using immunohistochemistry. TME immune- and cancer-related genetic
expression from primary and metastatic CRC tumor were also evaluated via the
NanoStringlO360 panel and The Cancer Genome Atlas Project database. CD4+
was higher in tumor samples from women compared to men (22.04% vs. 10.26%,
p=0.002) and also in lymph node samples (39.54% vs. 8.56%, p=0.001). CD8+ was
increased in uninvolved colon from women compared to men (59.40% vs. 43.61%,
p=0.015), and in stage I/Il tumors compared to llI/IV in all patients (37.01% vs.
23.91%, p=0.009). Top CD8+ tertile patients survived longer compared to the
bottom (43.9 months vs. 25.3 months, p=0.007). Differential gene expression was
observed in pathways related to Treg function, T cell activity, and T cell exhaustion,
amongst several others, in women compared to men. Thus, significant sexual
dimorphism exists in the TME that could contribute to survival advantages
observed in female patients with CRC.
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Introduction

Colorectal cancer (CRC) is the third leading cause of cancer-
related deaths worldwide and despite similar screening, medical
therapy, and surgical management, a decreased incidence of
disease and improved disease-related survival exists in women as
compared to men (1-3). Hormonal, environmental, and
immune-related differences have been investigated but the
disparity in CRC outcomes between men and women is not
completely understood (4-6). In all patients with CRC, however,
improved disease-related survival has been linked to certain
factors within the tumor microenvironment (TME).

The TME encompasses a complex, dynamic interaction
between tumor cells and cells within the invasive margin.
Tumor progression is not only dependent on the intrinsic
tumor cell behavior but also on surrounding non-tumoral cell
types and their behavior. Increased immune cell infiltration into
the TME has been shown to provide defense against tumor
progression and increased CD8 positive T cells in patients with
CRC has been independently associated with improved disease-
related survival (7). In fact, T cell infiltration, as measured by
Immunoscore (combined density of CD8+ and CD3+ T cells in
the tumor and invasive margins), has been validated as an even
stronger assessment for prognosis of CRC cancer than the classic
TNM staging system (7, 8). Similarly, the immune cell profile of
the CRC TME may provide mechanistic insights and targetable
treatment approaches using immunotherapy (9).

Given improved survival with increased TME T cell
infiltration and longer survival in women as compared to men,
our aim was to determine whether there were differences within
the TME between women and men with CRC. We also sought to
determine if a difference in immune cell activity exists in the
TME by analyzing gene expression from primary and metastatic
tumors from men and women with CRC. We hypothesized that
women with CRC have increased T cell infiltration and
differential expression of immune- and cancer-related genes
within the TME as compared to men. To investigate this, we
compared helper CD4 positive (CD4+) and cytotoxic CD8
positive (CD8+) T cell infiltration via immunohistochemistry
in patient-derived primary tumors, lymph nodes involved by
tumor metastasis, and uninvolved peri-tumoral colonic tissues
between men and women. We then compared genetic expression
differences in the TME by comparing primary and metastatic
CRC tumor samples from men and women using a targeted
immune-oncology gene panel. Finally, we compared gene
expression profiles between men and women by examining
data from The Cancer Genome Atlas Program (TCGA,
Firehose Legacy) (10, 11).
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Materials and methods
Patient cohorts and tumor specimens

Tissue from men and women with colon cancer who were
treated at the University of Oklahoma Health Sciences Center
and underwent oncologic resection between 2010-2015 were
included for the immunohistochemical analysis via tissue
microarray (TMA). Tissues from a different set of patients
who underwent CRC resection at the University of Oklahoma
Health Sciences Center from 2017-2019 were included for
NanoString analysis to explore potential differences in genetic
expression in the TME. Additional analysis of the publicly
available TCGA Firehose Legacy dataset (10, 11) was
incorporated to identify possible differential gene expression in
CRC samples between men and women. Patient demographic
data were retrieved by manual chart review, including date of
surgery, age of patient at diagnosis, location of primary tumor,
stage of disease, and status of mismatch repair genes expression
by IHC (MLH1, MSH2, MSH6, and PMS2). Date of patient
death or date of last contact was also recorded. Patients who died
within one month of surgery were excluded from analysis.

Institutional review board (IRB) approval for waiver of
consent was obtained for the TMA studies. Tumor samples
used for gene expression profiling with NanoString were
obtained after informed consent from the patients under a
prospectively approved IRB.

Immunohistochemistry

Tissue core samples from the tumor bed, involved lymph
node, and uninvolved surrounding colon tissue were obtained
from formalin fixed paraffin embedded tissue blocks. Tissue
cores were arranged in a TMA, fixed in 10% formalin, and
embedded in paraffin. The tissue blocks were then sliced into 5
um thick sections with a microtome, transferred onto positively
charged slides, dried overnight at room temperature, and
incubated at 60°C for 45 minutes. This was followed by
deparaffinization and rehydration in an automated
multistainer (Leica ST5020). Sectioned tissue was processed
and stained using antibodies against CD4 or CD8, according
to manufacturer’s protocol, using a Leica Bond-IIITTM Polymer
Refine Detection system (DS 9800). Positive and negative
controls were used according to standard institutional protocols.

Whole slides were digitally scanned and then analyzed using
Aperio software to identify and quantify CD4+ and CD8+ T
cells. The percent of cells staining for CD4 out of total cell counts
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is reported for CD4+ percent with the same approach for CD8+
cells. Two pathologists reviewed all tissue prior to digital
analysis. Samples were excluded from analysis if greater than
80% tissue degradation was present, non-representative tissue
was submitted (such as adipose tissue within the tumor block),
or the tissue core was from a lymph node with less than 20%
cancer involvement seen on microscopy.

NanoString profiling and TCGA data

For NanoString profiling, tissue samples from primary and
metastatic tumor were snap frozen at time of resection. Frozen
tissues were homogenized and RNA was isolated and purified
from tumor lysates using Direct-zol RNA miniPrep Plus per
manufacturer protocol. RNA integrity was assessed to assure
minimal degradation using the Agilent Bioanalyzer and samples
were included only if there was at least 50% RNA over 200 BP in
length. Genetic expression profiling of 770 genes was performed
using the PanCancer 10360"" Panel from NanoString
Technologies. Data was normalized to 15 housekeeping genes.
Data analysis was performed via n-Solver Analysis software (IO
360 Data Analysis Service) per the NanoString platform
standard protocols, which included positive and negative
controls with internal housekeeping genes.

TCGA transcriptome data was accessed using cBioPortal for
Cancer Genomics. Potential mean gene expression differences
between men and women were assessed using TCGA Firehose
Legacy RNA Seq V2 RSEM and mRNA microarray of CRC
tumors (10, 11).

Statistical analysis

Averages are reported as mean + standard deviation. Means
for continuous variables were compared with a two-way
Student’s t-test. Frequency distributions for categorical data
were compared with Fisher’s Exact test. Non-parametric
survival analysis was performed using log-rank tests and
Kaplan-Meier analysis. NanoString log2-transformed count
data was analyzed via t-test. Statistical significance was defined
as p-value less than 0.05.

Results

Patients included in the TMA, NanoString, and TCGA
analyses were well-matched between men and women, with no
significant difference in the number of patients, patient age,
location of tumor, or CRC stage with the exception of more
samples from male patients in the TCGA data compared to those
from female patients (Table 1). In the TMA population, 101
patients were included with an average age of 61.0 + 13.1 years
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(range: 24-88 years). The NanoString population included 32
patients (after one was excluded due to low RNA integrity
number), with an average age of 58.7 + 12.6 years (range: 23-
79 years), and the TCGA included 633 patients with average age
of 66.0 + 12.8 year (range: 31-90 years) (Table 1).

Immunohistochemistry was performed using a TMA to
identify percentage of CD4+ helper T cells and CD8+
cytotoxic T cells within the examined tissue (Figure 1). An
increased percentage of CD4+ cells was seen in all tissues from
women as compared to men, with more CD4+ in the tumor
(22.04% vs. 10.26%, p=0.002), lymph nodes (39.54% vs 8.56%,
p=0.001), and a modest but still significant increase of CD4+
cells in surrounding uninvolved colonic tissue (3.91% vs 2.72%,
p=0.045) (Figure 2A-C). When women were stratified by age
(=55 years compared to <55 years), there was a significantly
increased amount of CD4+ infiltration in tumor samples of older
women compared to younger (26.90% vs. 4.71%, p=0.002)
(Figure 2D); however, similar age differences were not
observed in men.

Between the sexes, there was no significant difference in CD8
+ percentage in tumor (34.77% vs. 29.81%, p=0.145) or lymph
tissue (34.41% vs. 25.39%, p=0.591);. Notably, CD8+ cells were
increased in uninvolved colon of women as compared to men
(59.40% vs. 43.61%, p=0.015) (Figures 3A-C), however, the
effects of estrogen (E2) and estrogen receptor (ESR2) on CD8+
T cells cannot be ruled out. When stratified by tumor stage,
higher numbers of CD8+ cells were found in stages I and II
compared to IITand IV (37.01% vs 23.91% p=0.009) (Figure 3D).

Kaplan-Meier analysis revealed no significant differences
between patients within the first (high) tertile compared to the
third (low) tertile of CD4+ infiltration in tumor tissue (Figure 4B).
However, longer overall survival was observed in patients within
the first (high) tertile versus third (low) tertile of CD8+ infiltration
in tumor tissue (43.9 vs 25.3 months, p=0.007) (Figure 4C). This
could be due to the co-association of higher CD8+ percentage
with lower stage found in our study (Figure 3D). After analysis of
overall survival of patients in the TMA and NanoString cohorts,
there was no significant difference found between men and
women (p=0.361) (Figure 4A).

Using an independent cohort of tissue samples, we then
performed genetic expression profiling of 770 genes in 25
broadly defined gene sets using the PanCancer 10360
Panel from NanoString Technologies, similar to a prior study
(12). The analysis revealed multiple differentially expressed
genes in all gene sets. Using gene expression from men as the
referent population, the gene sets with the greatest number of
genes differentially expressed in women were related to the
myeloid compartment (23.01%), metabolic stress (20.70%),
angiogenesis (20.02%), interferon signaling (17.53%),
cytotoxicity (16.31%), DNA damage repair (16.14%), and
cytokine and chemokine signaling (16.01%) (p<0.05 for each)
(Figure 5A). Furthermore, sex-associated differences in genetic
expression were exaggerated in almost every pathway examined
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TABLE 1 Clinical characteristics of TMA, NanoString, and TCGA Firehose Legacy patient groups.

All Patients

Number

IHC 101

NanoString 32

Firehose 633
Age (years)

IHC 60.9 + 13.0

NanoString 58.7 £ 12.6

Firehose 66.0 + 12.8
Stage

IHC

I 23

I 24

111 43

v 11

NanoString

I 5

II 11

111 4

v 10

Unknown 2

Firehose 109

I 230

II 182

111 91

v 21
MSI

IHC 5

NanoString 12.4 £ 9.5
Survival (months)

IHC 41.0 £ 26.2

NanoString 124 +£95

P-values represent comparison between women and men.

in metastatic tissue samples compared to primary tumor tissue
(p<0.05) (Figure 5B). Summary heatmaps for the primary and
metastatic samples are shown in Figures 5C, D, respectively.
Additionally, mismatch repair deficiency (MMR) was assessed in
this cohort, revealing three patients (two men, one woman) with
MMR deficient tumors (data not shown).

Within the differentially expressed genes of metastatic tumors,
there were clusters of genes related to the regulation of T
regulatory (Treg) cells, IFN-y response, and CD8+ exhaustion.
Of the Treg-related genes, tissue from women showed increased
expression of GOTI (10.11-fold, p=0.004) and GHR (7.61-fold,
p=0.001) and decreased expression of DAB2 (0.38-fold, p=0.013),
TNFRSF25 (0.49-fold, p=0.045), and LRRC32 (0.29-fold, p=0.019)
compared to men (data not shown).

Alongside these observed decreases in Treg-related genes,
there were increases in genes related to IFN-y production, Thl
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Women Men p-value
51 50 0.953
17 15 0.501
297 336 0.05
60.7 £ 14.0 611 +12.0 0.865
58.7 + 12.6 58.8 +12.8 0.991
66.0 13.8 66.0 £ 11.9 0.992
0513
12 11
12 12
21 22
6 5
0253
4 1
3 8
3 1
6 4
1 1
48 61 0.104
109 121
92 90
40 51
8 13
3 2 0.902
106 £ 7.2 13.7 £ 109 0.504
38.0 +23.8 45.0 £ 28.7 0.902
106 + 7.2 13.7 £ 109 0.504
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activity, and cytotoxic CD8+ activity in tissue from women.
Specifically, Thl-associated ILI8RI (6.13-fold, p=0.012), GBPI
(3.50-fold, p=0.021), and STAT4 (2.80-fold, p=0.021) showed
significantly increased expression in tumors from women
compared to men. Co-stimulatory markers of T cells including
CD96 (2.80-fold, p=0.021), DPP4 (4.01-fold, p=0.001), GZMK
(4.21-fold, p=0.042), and CCL14 (4.71-fold, p=0.005) were also
elevated in tumors from women. Interestingly, the shifts in Treg
and anti-tumor T cell expression were accompanied by increased
expression of the exhaustion markers PD-LI (3.83-fold,
p=0.011), TIGIT (3.61-fold, p=0.011), and tumor suppressor
FBPI (9.23-fold, p=0.013) in women.

Analysis of the Firehose Legacy dataset in TCGA revealed a
total of 65 genes which demonstrated significant differential
expression between men (n=335) and women (n=294) with
CRC, with 57 of these genes being present on the X or Y
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FIGURE 1

stage Ill CRC.

chromosomes. Figure 6 demonstrates the differential expression
of the 8 genes not found on X or Y chromosomes: DDX43,
ZRSR2P1, FRGI1BP, GIMAP2, SPESP1, CLSTNI1, FAM228A,
and CD207.

Discussion

Colon cancer remains a leading cause of cancer related death
in both men and women; however, women experience longer
disease-related survival compared to men. In an equally stage-
distributed population, the mortality rate for men is almost 50%
higher for men (10.8 per 100,000 person-year) than for women
(7.2 per 100,000 person-year) (13). The mechanisms underlying
this sex-based difference in survival have yet to be fully
elucidated. Multiple studies support the role of female sex
hormones reducing the development and progression of colon
cancer in women. A study from the Surveillance Epidemiology
and End Results (SEER) found that women under 45-years of
age (presumably pre-menopausal) with metastatic CRC lived
longer than age-matched men with CRC (14). In addition, a
decreased incidence of CRC was seen in postmenopausal women
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Tissue microarray histologic representations of colon tumor tissue, metastatic lymph node, and uninvolved colon from female and male patients
after immunohistochemistry staining for CD4+ and CD8+ antibodies. Tissue from tumor specimens (top row), tissue from involved lymph node
specimens (middle row) and tissue from uninvolved colon specimens (bottom row). Representative IHC from a female and male patient with
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CD8+

taking combined estrogen and progesterone compared to those
not on hormone therapy (14, 15). Similarly, the mechanistic role
of E2 and ESR2 in providing survival advantage in women with
CRC has been demonstrated (16-18). However, it is unclear
what role female sex hormones have in men with regards to
tumor development, and the inconsistency of hormonal
influences on incidence and survival in men with CRC
suggests mechanisms of survival beyond hormonal effects on
the tumors (19). On the other hand, T cell infiltration within the
TME is a validated prognostic factor independently associated
with increased overall survival in all populations (7). We
therefore sought to determine if there was a different immune
response in the TME between men and women by direct
counting of CD4+ and CD8+ T cells, and by profiling immune
and cancer related gene expression between sexes.

We show here that women with CRC have increased CD4+
T cells in tumor tissue, uninvolved peri-tumoral tissue, and
metastatic lymph nodes as compared to men. Another study
found increased CD4+ memory activated T cells in T1-2 tumors
compared to T3-4, as well as in tumor involved tissue compared
to uninvolved tissue (9); however, this study did not assess for
sex-related TME differences in CRC. Activated memory CD4+ T
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CD4+ cells increased in TME of women compared to men, and in older women compared to younger. (A-C) Frequency of CD4+ staining
reported as percent cells positive in tumor (22.04% vs 10.26%, p=0.002), lymph node (39.54% vs 8.56%, p=0.001), and uninvolved colon tissue
(3.9% vs 2.7%, p=0.045) from men (n = 50) and women (n = 51) with colon cancer. (D) Frequency of CD4+ staining reported as percent positive
cells in tumor in women ages >55 (n = 30) compared to younger than 55 (n = 14) (26.9% vs. 4.7%, p=0.002).

cells have been shown to promote maturation and activation of
other immune cells such as B cells, macrophages, and cytotoxic
CD8+ cells (20). In another study, the total CD4+ T cell count
was reduced within TME of invasive margins compared to
uninvolved tissue (21). Interestingly, higher CD4+ infiltration
was associated with higher tumor stage and lymph node spread
and also improved overall survival in patients with stage I-III
non-small cell lung cancer (NSCLC) (22).Together with our
results, these findings could indicate that increased CD4+ T-
lymphocytes may be associated with tumors of lower T stage,
decreased invasiveness, and less aggressive disease, perhaps by
means of E2 and ERbeta on CD4+ T cells in the TME (16, 17).
However, the sexual dimorphism of the TME is likely more
complex, with influences from multiple factors, including
circulating hormones, genetics, nutrition, environment,
metabolism, and intrinsic tumor properties.

We also explored the effects of hormonal influences by
stratifying women by age (55 years) because 95% of women
greater than 55 years old have undergone menopause (23, 24).
Interestingly, women >55 years had increased CD4+ in tumor
tissue compared to younger women, suggesting that lower
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estrogen and progesterone levels may be associated with
increased CD4+ T cell infiltration into the TME, similar to
what has been observed in NSCLC (25). This age-based
difference, although preliminary, provides possible evidence of
hormonal contributions to CD4+ helper T cell infiltration
beyond just the sex-related differences we observed. Similar
age-related differences were not seen in tissue samples
from men.

CD8+ T cell infiltration was also increased in uninvolved
peri-tumoral tissue of women as compared to men and has been
previously suggested to represent an independent prognostic
factor in stage II/III CRC (26). Infiltrating cytotoxic CD8+ T
cells exhibit numerous anti-tumoral functions, and our findings
of increased infiltration into tissues surrounding the tumor
suggests increased immune involvement and therefore better
defense against tumor burden and metastasis in women
compared to men (27). This is supported by prior findings of
CD8+ cell infiltration into the TME as a predictor of improved
clinical outcome by Immunoscore methodology (7). Increased
CD8+ T cells in uninvolved tissue from women could represent a
potential mechanism underlying the decreased incidence of CRC
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CD8+ cells are increased in normal colon tissue of women and in Stage I/Il tumors. (A-C) Frequency of CD8+ staining reported as percent cells
positive in tumor (34.77% vs. 29.81%, p=0.145) and lymph node (34.41% vs. 25.39%, p=0.591) were not different between men (n = 50) and
women (n = 51), however, CD8+ was increased in normal tissue from women as compared to men (47.40% vs. 34.61%, p=0.015). (D) When
stratified into cancer stages, CD8+ cells more frequently infiltrated tumors from stages | and Il (n = 47) compared to Il and IV (n = 54)(37.01% vs

23.91% p=0.009).

among women as well as the survival advantage observed in
women CRC patients.

After analysis of survival, although increased infiltration of
CD4+ was seen in all tissue compartments in samples from
women, there was no clear relationship between CD4+
infiltration and overall survival in this study. Specifically, we
did not find a survival difference in patients between the top
tertile and bottom tertile of CD4+ infiltration. This highlights
the complexity underlying the TME, with multiple factors
contributing to the sexual dimorphism seen in CRC. Although
CD4+ T cells may play an important role in the TME, the
amount of CD4+ T cell infiltration may not be a clear prognostic
indicator. On the other hand, increased CD8+ T cell infiltration
was found in tumors from patients with stages I/II disease as
compared to III/TV, and increased CD8+ was also associated
with increased survival in both men and women in our study.
The increased survival we saw in patients with increased CD8+ is
likely due to the co-association of higher CD8+ counts with
lower stage. In our overall cohort, survival between men and
women at all stages and within each stage was not significantly
different. However, a limitation of this study is the relatively
small sample size, which is likely insufficient to allow for a robust
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analysis of survival. Similarly, these results indicate likely sex-
independent mechanisms of CD8-dependent CRC survival in
men and women.

Differential gene expression was seen in our analysis of a
second cohort of patients using the PanCancer 10360
Panel from NanoString Technologies, as well as from data
gathered from TCGA Firehose Legacy Dataset. Interestingly,
many genes with differential expression between men and
women from the TCGA data were located on sex
chromosomes. The NanoString data revealed a larger number
of differentially regulated immune-related genes within
metastatic tumors taken from women and men as compared
to primary tumors. This is of particular interest given that
metastatic disease is a major contributor to mortality in CRC.
Thus, these data highlight a potential link between the immune
response and metastatic tumor behavior, which could contribute
to improved overall survival in women with CRC [reviewed
previously (28)].

Within the differentially expressed genes of metastatic
tumors, we found clusters of genes related to the management
of regulatory T (Treg) cells, IFN-y response, and CD8+ T cell
exhaustion. For example, GARP expression was significantly
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Survival is increased in patients with increased CD8+ infiltration. (A) Overall mean survival of CRC patients from the TMA dataset stratified by sex
are shown (38 vs 45 months, p=0.361). (B) Average difference in survival as defined in (A) in patients within the 1°* tertile of CD4+ infiltration in
tumor tissue compared to patients in 3" tertile (p=0.142). (C) Difference in survival as defined in (A) in patients with 1% tertile CD8+ infiltration in
tumor tissue compared to patients in 3™ tertile (43.9 vs 25.3 months, p=0.007).
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Gene expression differs in the TME of men and women in both primary and metastatic tumors. (A) The top percent of genes in pathways
designated in annotated groups, as defined by NanoString technologies, which were significantly different in expression between women as
compared to men (p<0.05). (B) Top percent of genes in pathways differentially expressed between men and women from primary tumor
compared to metastatic tumor (p<0.05). Heatmap for NanoString analysis of primary (C) and metastatic (D) CRC samples. Gene expression
levels are illustrated with a Z score. Orange indicates high expression; blue indicates low expression

decreased in women in our study. GARP expression has been
shown to modulate the function of Treg cells in the colon such
that mice with Treg-specific GARP deletion developed fewer
colon tumors and less tumor burden compared to wild-type
mice (29). Thus, differences in Treg-related gene expression
could contributed to sexual dimorphism in the TME of
CRC (30).

We also show that expression of CD96, a co-stimulatory
marker in T cells, was elevated in metastatic tumors from
women. Increased CD96 has been associated with better
overall survival in patients with CRC and has been suggested
as a potential biomarker for prognosis in CRC (31).
Furthermore, we show a higher expression of CCLI4 in
tumors from women. Suppression of CCLI4 has been shown
previously to contribute to CRC progression via the Wnt/B-
catenin pathway (32). These findings suggest that increased T
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cell activity is related to better immune defense against tumor
cells in the TME of women compared to men, similar to that of
advanced lung cancer (33).

Together, the changes we observed across multiple cancer
pathways and T cell responses in particular suggests that there
are multiple sex-associated differences in the TME, as we have
shown previously using a murine model of metastatic CRC (34).
These findings of differential gene expression in metastatic tissue
emphasizes the importance of increasing the number of samples
from metastatic disease within publicly available sequencing
datasets, so that differences between primary and metastatic
tumors can be more fully examined.

Although we found increased CD4+ and CD8+ T cell
density in tissue from women, a limitation of this study is that
we did not evaluate activity or phenotype of T cells within the
TME. A possibility exists that these cells are immunosuppressive
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Analysis of the TCGA Firehose Legacy transcriptome data of CRC patient samples identified genes that were differentially expressed between
men and women. Interestingly, only 8 of the 65 identified genes were located outside the sex chromosomes.

or may even be in a functionally exhausted state (35). However,
we did find differential genetic expression patterns that support
the conclusion that there is sexual dimorphism in the TME of
CRC, with differences in genetic expression that support a
potentially more advantageous local immune response
in women.

Analysis of T cell infiltration and immune-related gene
transcription within the TME of CRC reveals a clear sexual
dimorphism within the immune response to CRC that warrants
additional investigation and is in keeping with previously
described sexual dimorphism in CRC (3, 36). If the
mechanisms behind this dimorphic response can be identified,
new therapeutic immunologic targets might be found. Future
directions include identifying the phenotype of the CD4+ and
CD8+ T cells within the TME via immunoprofiling and
examining specific pathways responsible for increased T cell
infiltration within tumors, lymph nodes, and peritumoral
histologically normal mucosa from women with CRC.

Data availability statement

Datasets are available on request: The raw data supporting
the conclusions of this article will be made available by the
authors, without undue reservation.

Frontiers in Oncology

10

Ethics statement

The studies involving human participants were reviewed and
approved by Institutional Review Board (IRB) approval for waiver
of consent was obtained for the TMA studies. Tumor samples
used for gene expression profiling with NanoString were obtained
after informed consent from the patients under a prospectively
approved IRB. The patients/participants provided their written
informed consent to participate in this study.

Author contributions

Study design: AG, AR, AS, KM. Data collection and analysis:
AG, AR, AS, RN, AE, DB, MK, SA, JA, ML, KB, GD, SC, KM.
Manuscript writing, critical review, editing: AG, AR, AS, RN,
AE, DB, MK, SA, JA, M]J, KB, GD, SC, KM. All authors
contributed to the article and approved the submitted version.

Funding

Research reported in this publication was supported in part
by the National Cancer Institute Cancer Center Support Grant
P30CA225520 awarded to the University of Oklahoma

frontiersin.org


https://doi.org/10.3389/fonc.2022.986103
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Geddes et al.

Stephenson Cancer Center and used the Laboratory of
Molecular Biology and Cytometry Research and the
Biospecimen and Tissue Pathology Shared Resources. In
addition, the work was also supported by the University of
Oklahoma Health Sciences Department of Surgery. The content
is solely the responsibility of the authors and does not necessarily
represent the official views of the National Institutes of Health.

Acknowledgments

Immunohistochemistry and TMA construction services
provided by the Cancer Tissue Pathology Shared Resources was
supported partly by the National Institute of General Medical
Sciences Grant P20GM103639 and National Cancer Institute
Grant P30CA225520 of the National Institutes of Health.

References

1. Koo JH, Leong RW. Sex differences in epidemiological, clinical and
pathological characteristics of colorectal cancer. | Gastroen Hepatol (2010) 25
(1):33-42. doi: 10.1111/j.1440-1746.2009.05992.x

2. Samawi HH, Yin Y, Speers CH, Cheung WY. Sex disparities in outcomes of
early stage colorectal cancer: A population-based study. Clin Colorect Canc (2018)
17(4):€711-7. doi: 10.1016/j.clcc.2018.07.006

3. Abancens M, Bustos V, Harvey H, McBryan J, Harvey BJ. Sexual dimorphism
in colon cancer. Front Oncol (2020) 10:607909. doi: 10.3389/fonc.2020.607909

4. Murphy G, Devesa SS, Cross AJ, Inskip PD, McGlynn KA, Cook MB. Sex
disparities in colorectal cancer incidence by anatomic subsite, race and age. Int |
Cancer (2011) 128(7):1668-75. doi: 10.1002/ijc.25481

5. Ruggieri A, Anticoli S, D’Ambrosio A, Giordani L, Viora M. The influence of
sex and gender on immunity, infection and vaccination. Ann Dell’istituto Super Di
Sanita (2016) 52(2):198-204. doi: 10.4415/ANN_16_02_11

6. Irelli A, Sirufo MM, D’Ugo C, Ginaldi L, Martinis MD. Sex and gender
influences on cancer immunotherapy response. Biomedicines (2020) 8(7):232. doi:
10.3390/biomedicines8070232

7. Mlecnik B, den EMV, Bindea G, Church SE, Vasaturo A, Fredriksen T, et al.
Comprehensive intrametastatic immune quantification and major impact of
immunoscore on survival. Juci J Natl Cancer Inst (2017) 110(1):97-108. doi:
10.1093/jnci/djx123

8. Giraldo NA, Sanchez-Salas R, Peske JD, Vano Y, Becht E, Petitprez F, et al.
The clinical role of the TME in solid cancer. Brit ] Cancer (2019) 120(1):45-53. doi:
10.1038/s41416-018-0327-z

9. Ge P, Wang W, Li L, Zhang G, Gao Z, Tang Z, et al. Profiles of immune cell
infiltration and immune-related genes in the tumor microenvironment of
colorectal cancer. BioMed Pharmacother (2019) 118:109228. doi: 10.1016/
j-biopha.2019.109228

10. Cerami E, Gao ], Dogrusoz U, Gross BE, Sumer SO, Aksoy BA, et al. The
cBio cancer genomics portal: An open platform for exploring multidimensional
cancer genomics data. Cancer Discov (2012) 2(5):401-4. doi: 10.1158/2159-
8290.CD-12-0095

11. Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO, et al.
Integrative analysis of complex cancer genomics and clinical profiles using the
cBioPortal. Sci Signal (2013) 6(269):11-1. doi: 10.1126/scisignal.2004088

12. Toor SM, Nair VS, Saleh R, Taha RZ, Murshed K, Al-Dhaheri M, et al.
Transcriptome of tumor-infiltrating T cells in colorectal cancer patients uncovered
a unique gene signature in CD4+ T cells associated with poor disease-specific
survival. Nato Adv Sci Inst Se (2021) 9(4):334. doi: 10.3390/vaccines9040334

13. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ] Clin (2018) 68(6):394—
424, doi: 10.3322/caac.21492

14. Hendifar A, Yang D, Lenz F, Lurje G, Pohl A, Lenz C, et al. Gender
disparities in metastatic colorectal cancer survival. Clin Cancer Res (2009) 15
(20):6391-7. doi: 10.1158/1078-0432.CCR-09-0877

Frontiers in Oncology

11

10.3389/fonc.2022.986103

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

15. Ritenbaugh C, Stanford JL, Wu L, Shikany JM, Schoen RE, Stefanick ML,
et al. Conjugated equine estrogens and colorectal cancer incidence and survival:
The women’s health initiative randomized clinical trial. Cancer Epidemiol Prev
Biomarkers (2008) 17(10):2609-18. doi: 10.1158/1055-9965.EPI1-08-0385

16. Ditonno I, Losurdo G, Rendina M, Pricci M, Girardi B, Ierardi E, et al.
Estrogen receptors in colorectal cancer: Facts, novelties and perspectives. Curr
Oncol (2021) 28(6):4256-63. doi: 10.3390/curroncol28060361

17. Caiazza F, Ryan EJ, Doherty G, Winter DC, Sheahan K. Estrogen receptors
and their implications in colorectal carcinogenesis. Front Oncol (2015) 5:19. doi:
10.3389/fonc.2015.00019

18. Yuan B, Clark CA, Wu B, Yang J, Drerup JM, Li T, et al. Estrogen receptor
beta signaling in CD8+ T cells boosts T cell receptor activation and antitumor
immunity through a phosphotyrosine switch. J Immunother Cancer (2021) 9(1):
€001932. doi: 10.1136/jitc-2020-001932

19. Press OA, Zhang W, Gordon MA, Yang D, Haiman CA, Azuma M, et al.
Gender-related survival differences associated with polymorphic variants of
estrogen receptor-B (ERB) in patients with metastatic colon cancer.
Pharmacogenomics J (2011) 11(5):375-82. doi: 10.1038/tpj.2010.45

20. Fontenot JD, Gavin MA, Rudensky AY. Foxp3 programs the development
and function of CD4+CD25+ regulatory T cells. Nat Immunol (2003) 4(4):330-6.
doi: 10.1038/ni904

21. Camus M, Tosolini M, Mlecnik B, Pages F, Kirilovsky A, Berger A, et al.
Coordination of intratumoral immune reaction and human colorectal cancer
recurrence. Cancer Res (2009) 69(6):2685-93. doi: 10.1158/0008-5472.CAN-08-
2654

22. Schulze AB, Evers G, Gorlich D, Mohr M, Marra A, Hillejan L, et al. Tumor
infiltrating T cells influence prognosis in stage I-III non-small cell lung cancer.
J Thorac Dis (2020) 12(5):1824-42. doi: 10.21037/jtd-19-3414a

23. Gold EB. The timing of the age at which natural menopause occurs. Obstet
Gyn Clin N Am (2011) 38(3):425-40. doi: 10.1016/j.08¢.2011.05.002

24. McKnight KK, Wellons MF, Sites CK, Roth DL, Szychowski JM, Halanych
JH, et al. Racial and regional differences in age at menopause in the united states:
Findings from the REasons for geographic and racial differences in stroke
(REGARDS) study. Am ] Obstet Gynecol (2011) 205(4):353.e1-8. doi: 10.1016/
j.2j0g.2011.05.014

25. Oh MS, Anker JF, Chae YK. High gene expression of estrogen and progesterone
receptors is associated with decreased t cell infiltration in patients with NSCLC. Cancer
Treat Res Commun (2021) 27:100317. doi: 10.1016/j.ctarc.2021.100317

26. Glaire MA, Domingo E, Sveen A, Bruun J, Nesbakken A, Nicholson G, et al.
Tumour-infiltrating CD8+ lymphocytes and colorectal cancer recurrence by tumour
and nodal stage. Brit ] Cancer (2019) 121(6):474-82. doi: 10.1038/s41416-019-0540-4

27. Mlecnik B, Bindea G, Pages F, Galon J. Tumor immunosurveillance in human
cancers. Cancer Metastasis Rev (2011) 30(1):5-12. doi: 10.1007/s10555-011-9270-7

28. Bai J, Chen H, Bai X. Relationship between microsatellite status and
immune microenvironment of colorectal cancer and its application to diagnosis
and treatment. J Clin Lab Anal (2021) 35(6):e23810. doi: 10.1002/jcla.23810

frontiersin.org


https://doi.org/10.1111/j.1440-1746.2009.05992.x
https://doi.org/10.1016/j.clcc.2018.07.006
https://doi.org/10.3389/fonc.2020.607909
https://doi.org/10.1002/ijc.25481
https://doi.org/10.4415/ANN_16_02_11
https://doi.org/10.3390/biomedicines8070232
https://doi.org/10.1093/jnci/djx123
https://doi.org/10.1038/s41416-018-0327-z
https://doi.org/10.1016/j.biopha.2019.109228
https://doi.org/10.1016/j.biopha.2019.109228
https://doi.org/10.1158/2159-8290.CD-12-0095
https://doi.org/10.1158/2159-8290.CD-12-0095
https://doi.org/10.1126/scisignal.2004088
https://doi.org/10.3390/vaccines9040334
https://doi.org/10.3322/caac.21492
https://doi.org/10.1158/1078-0432.CCR-09-0877
https://doi.org/10.1158/1055-9965.EPI-08-0385
https://doi.org/10.3390/curroncol28060361
https://doi.org/10.3389/fonc.2015.00019
https://doi.org/10.1136/jitc-2020-001932
https://doi.org/10.1038/tpj.2010.45
https://doi.org/10.1038/ni904
https://doi.org/10.1158/0008-5472.CAN-08-2654
https://doi.org/10.1158/0008-5472.CAN-08-2654
https://doi.org/10.21037/jtd-19-3414a
https://doi.org/10.1016/j.ogc.2011.05.002
https://doi.org/10.1016/j.ajog.2011.05.014
https://doi.org/10.1016/j.ajog.2011.05.014
https://doi.org/10.1016/j.ctarc.2021.100317
https://doi.org/10.1038/s41416-019-0540-4
https://doi.org/10.1007/s10555-011-9270-7
https://doi.org/10.1002/jcla.23810
https://doi.org/10.3389/fonc.2022.986103
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Geddes et al.

29. Salem M, Wallace C, Velegraki M, Li A, Ansa-Addo E, Metelli A, et al. GARP
dampens cancer immunity by sustaining function and accumulation of regulatory T
cells in the colon. Cancer Res (2019) 79(6):2623. doi: 10.1158/0008-5472.CAN-18-2623

30. Johdi NA, Ait-Tahar K, Sagap I, Jamal R. Molecular signatures of human
regulatory T cells in colorectal cancer and polyps. Front Immunol (2017) 8:620. doi:
10.3389/fimmu.2017.00620

31. Song X, Tang T, Li C, Liu X, Zhou L. CBX8 and CD96 are important
prognostic biomarkers of colorectal cancer. Med Sci Monitor (2018) 24:7820-7. doi:
10.12659/MSM.908656

32. Yan G, Li S, Yue M, Li C, Kang Z. Lysine demethylase 5B suppresses CC
chemokine ligand 14 to promote progression of colorectal cancer through the wnt/
B-catenin pathway. Life Sci (2021) 264:118726. doi: 10.1016/j.1fs.2020.118726

Frontiers in Oncology

12

10.3389/fonc.2022.986103

33. Vavala T, Catino A, Pizzutilo P, Longo V, Galetta D. Gender differences and
immunotherapy outcome in advanced lung cancer. Int ] Mol Sci (2021) 22
(21):11942. doi: 10.3390/ijms222111942

34. Ray AL, Nofchissey RA, Khan MA, Reidy MA, Lerner MR, Wu X, et al. The
role of sex in the innate and adaptive immune environment of metastatic colorectal
cancer. Brit ] Cancer (2020) 123(4):624-32. doi: 10.1038/s41416-020-0913-8

35. Anderson KG, Stromnes IM, Greenberg PD. Obstacles posed by the tumor
microenvironment to t cell activity: A case for synergistic therapies. Cancer Cell
(2017) 31(3):311-25. doi: 10.1016/j.ccell.2017.02.008

36. Taneja V. Sex hormones determine immune response. Front Immunol
(2018) 9:1931. doi: 10.3389/fimmu.2018.01931

frontiersin.org


https://doi.org/10.1158/0008-5472.CAN-18-2623
https://doi.org/10.3389/fimmu.2017.00620
https://doi.org/10.12659/MSM.908656
https://doi.org/10.1016/j.lfs.2020.118726
https://doi.org/10.3390/ijms222111942
https://doi.org/10.1038/s41416-020-0913-8
https://doi.org/10.1016/j.ccell.2017.02.008
https://doi.org/10.3389/fimmu.2018.01931
https://doi.org/10.3389/fonc.2022.986103
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	An analysis of sexual dimorphism in the tumor microenvironment of colorectal cancer
	Introduction
	Materials and methods
	Patient cohorts and tumor specimens
	Immunohistochemistry
	NanoString profiling and TCGA data
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	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


