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Background: High infiltration of Th2 is linked to breast cancer progression and metastasis through 
the induction of cytokine release and T-cell anergy. The estrogen receptor (ER)-positive subtype, which 
accounts for 70% of breast cancer, is known to respond less to neoadjuvant chemotherapy (NAC) due to 
its low potential for proliferation. We hypothesized that Th2 high tumors are highly proliferative, and thus 
more likely to respond to NAC in ER-positive breast cancer. 
Methods: We obtained clinicopathological data and overall survival information on 1,069 breast cancer 
patients from The Cancer Genome Atlas (TCGA). Computational algorithms and CIBERSORT were used 
to estimate immune cell infiltration. Additionally, xCell was used for validation. 
Results: Th2 high tumors did not consistently associate with an unfavorable immune cell composition and 
tumor immune microenvironment but were found to be significantly elevated in the cancer stage. Th2 high 
tumors also correlated with high Nottingham pathological grade, as well as with Ki-67 and proliferation 
score in ER-positive subtypes. High Th2 tumors achieved a pathological complete response (pCR) 
significantly higher in ER-positive breast cancer. 
Conclusions: In conclusion, high levels of Th2 are associated with aggressive features of breast cancer. 
Th2 levels may be a biomarker in patient selection for NAC in ER-positive breast cancer.
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Introduction

The tumor immune microenvironment has been of interest 
in recent research because we now know the dual role of the 
immune system in cancer: it can not only suppress tumor 
growth but also promote tumor progression (1). Given 
the complexity of the immune system as a whole, prior 
studies have found that different cell types lead to cancer 
progression by induction of T-lymphocytes and cancer 
suppression by the polarization of these same lymphocytes 
into different subgroups. Specifically, CD4+ T-cells can 
differentiate into Th1 or Th2 helper T-cells which leads to 
regression versus promotion of tumor (2).

Th2 cells are known to promote tumor progression 
through the secretion of cytokines IL-4, IL-6, IL-10, and 
IL-13 to activate tumor-associated M2 macrophages (2). 
Activation of these M2 macrophages in part stimulates 
tumor progression by promoting tumor cell growth and 
invasion as their activation can enhance angiogenesis. In 
addition, TGF-β which is normally released by Th17 cells 
and T-regulatory cells (T-regs), is a cytokine known to 
attenuate the immune response. Increased expression of 
TGF-β has been associated with malignant conversion and 
progression in breast cancer as well as gastric, endometrial, 
ovarian, gliomas, and melanomas (3).

On the contrary, CD4+ T-cells can differentiate into 
Th1 cells to promote tumor regression. Th1 induced 
responses have been described to be beneficial in antitumor 
immunity. They secrete IFN-γ and many other cytokines to 
induce activation of M1 tumor-associated macrophages and 
cytotoxic CD8+ T-cells (2). 

It is known that proliferative cancer cells respond 
better to neoadjuvant chemotherapy (NAC). Proliferation 
can be assessed by Ki-67 or mitotic index, and increased 
proliferation has been shown to correlate with poor 
prognosis (4). Triple-negative breast cancer (TNBC), which 
lacks expression of estrogen receptor (ER), progesterone 
receptor (PR), and human epidermal growth factor receptor 
2 (HER2), are highly proliferative. Thus, they are more 
likely to respond to NAC than the ER-positive subtype 
(5,6). Therefore, we speculated that highly proliferative 
ER-positive breast cancer may respond to NAC better than 
lower proliferative ones.

Recently our group has been analyzing the tumor 
immune microenvironment with computational algorithms 
on transcriptomes (7-14). We utilized the publicly available 
patient cohorts that have gene expression data linked to 
clinical data. We then applied computational algorithms 

to estimate the immune cell infiltration of interest. In this 
study, we hypothesized that high infiltration of Th2 cells is 
associated with aggressive features of breast cancer. If that is 
the case, we further hypothesize that Th2 expression level 
may be a possible predictive biomarker of NAC. 

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-571).

Methods

Data acquisition of The Cancer Genome Atlas (TCGA) 

Clinicopathological data and overall survival information 
were obtained on 1,069 breast cancer patients from 
TCGA. This  i s  publ ic ly  ava i lable  data  provided 
by the National Cancer Institute and the National 
Human Genome Research Inst i tute .  TCGA was 
downloaded utilizing cBioportal as described previously  
(10-13,15-21).  GSE25066 and GSE23988 are the 
cohorts of patients that underwent NAC with Taxane 
and anthracycline-based regimen (n=502) and FEC 
(5-Fluorouracil, Epirubicin, Cyclophosphamide) with 
Taxane regimen (n=61). We defined Th2 high and low 
levels with the median cutoff (12). Clinicopathological 
demographics of the TCGA cohort were stratified into 
Th2 high and Th2 low groups. The Institutional Review 
Board (IRB) approval was waived as this entire study was 
conducted on deidentified publicly available data sets 
provided by TCGA.

Estimation of the immune cell composition, scores, 
intratumoral heterogeneity, neoantigens, mutation rates 
and homologous recombination defects

Thorsson et al.’s published pre-calculated estimates of 
the immune cell composition of the patients in TCGA 
were used for the current analysis (22). CIBERSORT, 
a deconvolution algorithm published in Nature Methods 
in 2015 by Newman et al. (23) was used in Thorsson’s 
analysis (22). By utilizing transcriptome data, this algorithm 
enables us to estimate the fraction of 22 immune cell types 
in each bulk tumor (9-12,24,25). The estimated immune 
cell composition was validated using the xCell algorithm 
on TCGA cohorts (14). Likewise, TGF-β response score 
and IFN-γ response score, as well as cell proliferation 
and aneuploidy score, were obtained from the same  
source (22). Further Intratumor heterogeneity, SNV and 
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Indel Neoantigens, Silent and Nonsilent Mutation Rates, 
Number of Segments, Fractional Altered, and Homologous 
Recombination Defects data were all obtained from the 
same source with additional analyses using xCell and 
Thorsson et al.’s analysis (22).

Gene set enrichment analysis (GSEA)

GSEA was performed comparing high and low Th2 
expressing tumors among hallmark gene sets using 
software provided by the Broad Institute (http://software.
broadinstitute.org/gsea/index.jsp), as we described 
previously (11-13,17,21,26-28).

Statistical analysis

Statistical analyses were performed using R software 
(version 3.6, http:///www.r-project.org/) and Bioconductor 
(http://bioconductor.org/). The differences between the 
two groups were assessed using the Fisher exact test for 
categorical variables. A two-sided P<0.05 was considered 
statistically significant. Correlation analysis was performed 
using the Spearman method. 

Results

Th2 high breast cancer was associated with T and N 
category of cancer staging, Her2 receptor positivity, as well 
as infiltrating ductal and tubular carcinoma

The association between Th2 expression levels and 
clinicopathological features of breast cancer from the 
TCGA was analyzed. Patients were stratified into Th2 
high and Th2 low groups using a median cutoff. Th2 high 
groups were significantly associated with cancer staging, 
especially the T and N category but not the M category. 
Th2 high tumors were statistically significant with Her2 
receptor positivity. Histological subtypes such as infiltrating 
ductal and tubular carcinoma showed statistical significance 
by Th2 expression levels (Table S1). 

Th2 high breast cancer did not consistently associate with 
unfavorable tumor immune microenvironment

The current conception is that Th2 cell infiltration inhibits 
cytolytic lymphocytes and create an unfavorable tumor 
immune microenvironment that leads to tumor promotion 
and suppression of the immune cells that support tumor 

regression (29). We used human breast cancer cohorts with 
gene expression profile (TCGA) to investigate this current 
concept in human breast cancer. As expected, tumor-
promoting M2 macrophages were significantly infiltrated 
in Th2 high tumors. However, T-regs were inconsistently 
infiltrated in the Th2 high groups with significance seen 
only in Thorsson et al.’s analysis (P<0.001) and not in 
analysis using xCell (P=0.803; Figure 1). 

Similarly, we suspected that tumor regressing immune 
cells would be less infiltrated in Th2 high tumors. 
On the contrary, we found that tumor regressing M1 
macrophages were highly infiltrated in Th2 high tumor 
groups (P=0.01; Figure 1). These calculations were validated 
by our calculations using the xCell algorithm (P<0.001;  
Figure 1B) (24). We found that Th2 high tumors were not 
consistently associated with the enhancement of an unfavorable 
tumor immune microenvironment nor suppression of a 
favorable tumor immune microenvironment, as previously 
postulated in the TCGA cohort.

Cytokines IL-4, IL-6, IL-10, and IL-13, as well as TGF-β 
and IFN-γ response scores did not associate unfavorably 
with Th2 high tumors 

Th2 cell is known to release acute phase cytokines 
such as interleukins IL-4, IL-6, IL-10, and IL-13 when 
appropriately activated by CD4+ T-cells (29). The 
expression of these cytokines is reported to induce T-cell 
anergy and loss of T-cell-mediated cytotoxicity (29). We 
investigated the expression of these cytokines in human 
breast cancer and found that the Th2 expression levels did 
not correlate to IL-4, IL-6, IL-10 and IL-13 levels (r=–
0.063, r=–0.127, r=0.059, r=–0.009 respectively) (Figure 2A). 

Further, Th2 high tumors were reported to associate with 
TGF-β secretion, which supports tumor promotion, and 
with suppression of IFN-γ, which regress tumors (2). We 
found that the TGF-β response score was significantly low 
(P<0.001), and the IFN-y response score was significantly 
high on Th2 high tumors (P<0.013), which was opposite 
to what we expected (Figure 2B). Again, Th2 high tumors 
were not associated with an unfavorable tumor immune 
microenvironment in the TCGA breast cancer cohort.

Th2 levels were associated with cancer staging

Based on the previous reports by DeNardo et al. we assumed 
that Th2 high breast cancers have aggressive features (2). To 
see its association with a clinical parameter, we investigated 

https://cdn.amegroups.cn/static/public/GS-20-571-Supplementary.pdf
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the Th2 levels based upon the American Joint Commission 
on Cancer (AJCC) cancer staging that consists of T 
(primary tumor), N (regional lymph node), and M (distant 
metastasis) categories. Analysis with ANOVA showed there 
was a significant elevation of Th2 levels by clinical features 
of stage (P<0.005) except for the M category (Figure 3A). 

Th2 levels correlate with the Nottingham pathological 
grade in ER-positive breast cancer 

Given the association with cancer staging, we hypothesized 
that the Th2 levels correlate with the cancer aggressiveness 
measured by the Nottingham pathological grade, which 
consists of tumor histological scores for mitotic rate, 
nuclear grade, and tubular score. Th2 level was found to 

have a significant correlation with high mitotic and nuclear 
score, but not with tubular score in the whole cohort 
(P<0.001) (Figure S1A). When we performed a similar 
analysis for the ER-positive subtype, we found that there 
was a significant correlation of Th2 levels with pathological 
grade, particularly with the mitotic and nuclear score (all 
P<0.001), but not tubular score (Figure 3B). Interestingly, 
there was no correlation in the TNBC, which may be 
because the majority of them had a high score. 

Th2 levels correlated with a cell proliferation marker, Ki-
67, in ER-positive breast cancer 

Given the correlation of Th2 levels and the pathological 
grade, we further hypothesized that Th2 levels correlate 

Figure 1 Th2 high tumor groups did not consistently associate with unfavorable tumor immune microenvironment. (A) Thorsson analysis 
of tumor promoter cells [M2, T regulatory (T-reg) cells] and tumor regressor cells (M1, Th1 and CD8). M2 macrophages were found to be 
highly infiltrated in Th2 high tumors but T-regs were found to not be highly infiltrated in Th2 high tumors. (B) xCell algorithm analysis 
of tumor promoter cells (M2, T-reg cells) and tumor regressor cells (M1, Th1 and CD8). M1, Th1 and CD8 were also found to be highly 
infiltrating in Th2 high tumors.

Tumor promotion

Tumor promotion

Tumor regression

Tumor regression

Th
or

ss
on

 a
na

ly
si

s
X

C
el

ls

M2
P=0.007

M2
P=0.016

M1
P=0.01

M1
P<0.001

0.00

Treg
P<0.001

Treg
P=0.803

Th1
P=0.422

Th1
P<0.001

CD8
P<0.001

CD8
P=0.203

Th2

Th2 Th2 Th2 Th2 Th2

Th2 Th2 Th2 Th2Low

Low Low Low Low Low

Low Low Low LowHigh

High High High High High

High High High High

M
ac

ro
ph

ag
es

 M
2

M
ac

ro
ph

ag
es

 M
2

M
ac

ro
ph

ag
es

 M
1

M
ac

ro
ph

ag
es

 M
1

Th
1 

ce
lls

Th
1 

ce
lls

T 
ce

lls
 re

gu
la

to
ry

 
(T

-r
eg

s)
T 

ce
lls

 re
gu

la
to

ry
 

(T
-r

eg
s)

T 
ce

lls
 C

D
8

T 
ce

lls
 C

D
8

0.6

0.4

0.2

0.0

0.6

0.4

0.2

0.0

0.08

0.04

0.00

0.08

0.04

0.00

0.15

0.05

0.20

0.10

0.00

0.20

0.10

0.00

0.20

0.10

0.00

500

–500

–1500

500

–500

–1500

A

B

https://cdn.amegroups.cn/static/public/GS-20-571-Supplementary.pdf


158 Le et al. Th2 cells predict NAC response of ER+ BC

© Gland Surgery. All rights reserved.   Gland Surg 2021;10(1):154-165 | http://dx.doi.org/10.21037/gs-20-571

with the most commonly used cell proliferation marker, 
Ki-67, which is a nuclear protein expressed in cell cycle 
phase S, G1, G2, and M (30). We found that there was 
a high correlation of Th2 levels with Ki-67 (r=0.679) as 
well as proliferation score (r=0.676) in the whole cohort  
(Figure S1B). We did the same analysis on the ER-positive 
subtype and found that Ki-67 and proliferation scores 
were significantly correlated with Th2 expression levels  
(Figure 3C; r=0.74 and r=0.759, respectively). When we 
performed the same analysis for TNBC, we found that 
the correlation of Th2 expression levels and Ki-67 or 
proliferation score was not as strong as the ER-positive 
subtype (Figure 3C; r=0.548 and r=0.674, respectively). 

Th2 high breast cancer enriched the gene sets related to cell 
cycle and cell proliferation

Gene set enrichment analysis allows us to estimate the 
underlying mechanism of the gene expression profile. We 
found that the following gene sets were enriched in Th2 

high tumors; G2M checkpoint, mitotic spindle change, 
E2F targets, PI3K/AKT/MTOR signaling pathway, and 
MTORC1 signaling pathway, all related to cell cycle and 
cell proliferation (P<0.001). Enrichment plots for these gene 
sets are shown in Figure 4. Taken together with pathological 
analyses, Ki-67, and proliferation scores, as well as gene 
set analyses, Th2 high breast cancer, is associated with 
enhanced cancer cell proliferation.

Th2 high breast cancer was associated with higher 
intratumor heterogeneity, homologous recombination 
defect, and mutation load, but not with neoantigen 

Given its association with tumor aggressiveness, it was of 
interest to see what underlying tumor features associate 
with high infiltration of Th2. Currently, it is thought 
that a high tumor mutation burden created by multiple 
mechanisms, including homologous recombination defect, 
which generates neoantigens, attracts immune cells to the 
tumor microenvironment. Utilizing the precalculated data 

Figure 2 Th2 expression levels correlated with immune related response scores but did not with Th2 associated cytokines. (A) Th2 
expression levels did not correlate with IL-4, IL-6, IL-10, and IL-13, which were known to be associated with an unfavorable tumor immune 
microenvironment (B) Th2 high tumors demonstrated low TGF-β response score in the Thorsson analysis. Th2 high tumors demonstrated 
high IFN-γ response score in the Thorsson analysis.
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Figure 3 Th2 expression levels are associated cancer staging, pathological grade, especially mitotic and nuclear score, but not tubular score. 
Th2 high tumor groups correlated with Ki-67 and proliferation score. (A) Analysis showed a significant elevation of Th2 levels by cancer 
stage. (B) ER-positive breast cancer groups showed significant correlation of Th2 expression levels to pathological grade, especially with the 
mitotic and nuclear score, but not tubular score. These results were not seen in TNBC with no significance in overall grade, mitotic, nuclear 
and tubular score. (C) Th2 high, ER-positive breast cancer showed significant correlation with Ki-67 nuclear protein and proliferation score. 
There was only moderate correlation seen in Th2 high TNBC. ER, estrogen receptor; TNBC, triple-negative breast cancer.
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published by Thorsson et al. we found that intratumoral 
heterogeneity was significantly higher in Th2 high breast 
cancer (P<0.001; Figure 5). Mutation measurements such as 
the number of segments, altered fractions, aneuploidy scores 
were also significantly higher in Th2 high breast cancer (all 
P<0.001). The homologous recombination defect in Th2 
breast cancer implicates the gnomically unstable cancer 
which is also associated with high Th2 cell infiltration. 
However, neoantigen load (SNV and Indel neoantigen and 
silent and nonsilent mutation rate), were found to be no 
different by Th2 levels.

Th2 high breast cancer was associated with pathological 
complete response (pCR) to NAC in ER-positive breast 
cancer

It is well known that only a few ER-positive breast cancer 
patients respond to NAC compared to TNBC. Therefore, 
any biomarker to identify the ER-positive breast cancer 
that responds to NAC will be of benefit in patient selection. 

We identified two cohorts (GSE25066, n=502, treated with 
Taxane and anthracycline-based regimen and GSE23988, 
n=61, treated with FEC (5-Fluorouracil, Epirubicin, 
Cyclophosphamide) and Taxane regimen) with gene 
expression data associated with response to NAC (Figure 6). 
First, we found that the patients who achieved pCR have 
significantly higher Th2 levels compared with the ones who 
had the residual disease (RD) (Figure S2). This led us to 
investigate whether the Th2 high tumors were associated 
with a significantly high ratio of pCR, which was the case 
(Figure 6). Interestingly, this was only seen in ER-positive 
and not ER-negative subtypes. This result suggests that a 
high level of Th2 cells can be a predictive biomarker of ER-
positive breast cancer to achieve pCR after NAC.

Discussion

It has been postulated that high infiltration of Th2 
cells associated with aggressive cancer by promoting 
an unfavorable tumor immune microenvironment. 

Figure 4 Th2 high breast cancer enriched the gene sets related to cell cycle and cell proliferation. These are enrichment plots depict 
hallmark gene sets enriched in the Th2 high groups (G2M checkpoint, E2F Targets, Mitotic spindle, MTORC1 signaling, MYC Targets 
V1, PI3K/AKT/MTOR signaling).
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Figure 5 Th2 high breast cancer was associated with higher Intratumor Heterogeneity, but not with neoantigen load or mutation rate. This 
is the xCell analysis of intratumoral heterogeneity and mutation measurements (number of segments, altered fractions, aneuploidy score, 
silent and nonsilent mutation rates) as well as neoantigen load.

Figure 6 Th2 high breast cancer was associated with pathological complete response (pCR) to neoadjuvant chemotherapy (NAC) in ER-
positive breast cancer. Analysis of two cohorts (GSE25066 and GSE23988) with gene expression data showed patients who achieved pCR 
had significantly higher Th2 levels and that Th2 high tumors demonstrated high ratio of pCR in estrogen receptor (ER)-positive breast 
cancer patients.
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In the TCGA human breast cancer cohort high Th2 
cells associated with increased tumor promoting M2 
macrophages; however, tumor-regressing immune cells 
such as M1 macrophages, Th1, and CD8 cells were also 
increased, which contradicted the earlier report. Th2 levels 
also did not correlate with any interleukins that induce 
activation of the tumor promoting M2 macrophages, and 
an opposite trend was seen in TGF-β and IFN-γ responses. 
On the other hand, Th2 levels did significantly associate 
with aggressive cancer features seen clinically in cancer 
stage, pathologically by Nottingham grade and molecular 
biologically in Ki-67 expression, proliferation score in 
ER-positive, but not in TNBC. GSEA enriched cell 
proliferation related gene sets such as G2M checkpoint, 
E2F Targets, Mitotic Spindle, MYC Targets, mTORC1 
signaling, and PI3K/AKT/mTOR signaling. Additionally, 
we found that high intratumoral heterogeneity, homologous 
recombination defect, and mutation load, but not 
neoantigen associated with high Th2 cells. Finally, we found 
that Th2 levels were significantly higher in pCR patients 
and the pCR rate was significantly high in Th2 high tumors 
in ER-positive and not in TNBC.

Coussens et al. previously postulated the paradoxical roles 
of the immune system in cancer progression. Activation of 
immune cells can lead to tumor promotion or regression 
through complex mechanisms in the tumor immune 
microenvironment (31), which is to be linked to the polarity 
of CD4+ T-helper cells (2). The favorable tumor immune 
microenvironment consists of CD4+ T-cells which when 
stimulated, differentiate into anti-tumor Th1 helper cells 
that release cytokines such as IFN-γ to collaborate with M1 
tumor-associated macrophages and the cytotoxic functions 
of T-lymphocytes (2). In contrast to this, Th2 differentiated 
helper cells release cytokines IL-4, IL-6, IL-10, and IL-13 
that stimulate tumor-associated M2 macrophages, leading 
to tumor promotion. 

M2 macrophages are known to enforce tumor promotion 
by suppressing cytotoxic T-lymphocytes. Additionally, 
through innate signals, M2 macrophages induce T cells into 
T-regulatory (T-reg) cells (32). T-regs secrete TGF-β and 
have potent immunosuppressive activities that counteract 
the anti-tumor response and favor tumor promotion (33). 
In our study, we identified M2 macrophages as significantly 
infiltrated in Th2 high tumor groups. However, we were 
unable to find consistent significance in T-reg infiltration. 
This may be due to T-reg’s unknown mechanism of 
accumulation and expansion. Additionally, T-regs have 
postulated to exert opposite functions depending on the 

tumor type. Though this is still under investigation, it is 
plausible that the phenotypical uniqueness of each tumor 
immune microenvironment may recruit different Treg 
subtypes (33). 

We were surprised to find that Th2 high tumors were 
not associated with Th2-related cytokines and were not 
associated with TGF-beta and IFN gamma signatures 
in the way of the earlier reports. However, considering 
that our study is the first to investigate this association in 
a large human breast cancer patient cohort and are not 
repeating the same experiments of the earlier reports, the 
mechanisms proved in cell cultures and animal experimental 
settings may not be applicable in the patients. Further, we 
have recently reported that tumor promotion/regression 
signatures are not always mutually exclusive. Although M1 
and M2 macrophages commonly show the opposite trend 
(18,34), we found that both were significantly decreased 
simultaneously in intratumoral adipocyte-high breast  
cancer (35). 

The  go ld  s tandard  to  ana lyze  tumor  immune 
microenvironment is flow cytometry of fresh tissue samples. 
Occasionally immunohistochemistry of fixed slides has 
been used, however, quantification of pathological analyses 
was known to be inaccurate. Although it proves value in 
basic science research, their utility in a large sample size 
for clinical patients can be challenging given the limited 
access to fresh samples, cost, and labor. Thus, to overcome 
this difficulty we have defined Th2 following the methods 
reported by Thorsson (22) and validated the results using 
xCell. It was not our intention to prove that Th2, defined 
by the Thorsson method, is identical to Th2 cells detected 
by the gold standard. Our intention was to introduce this 
modern technology of in Silico computational biology 
to the field that allows analyses of multiple large patient 
cohorts and allow investigation on clinical relevance when 
we define cells by transcriptome. One of the reasons we 
chose this method was because the original article that 
reported the Thorsson method (22) has been cited 766 
times in 2 years after its publication and is now becoming 
a new standard. To this end, our main goal was to show the 
clinical relevance of Th2 cell levels defined by the Thorsson 
method rather than to validate whether the Thorsson 
analysis reproduces the gold standard.

We have reported that tumors with high mutation 
rates demonstrated aggressive phenotypes with highly 
proliferative features, while simultaneously attracting 
ant i - tumor  immune  ce l l s  in  the  tumor  immune 
microenvironment with high immune activity such as 
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IFN-γ response (34). We found in the current study that 
high Th2 cells were associated with high mutation load as 
well as infiltration of anti-tumor cells such as Th1 cells and 
CD8 cells and high IFN-γ response score. Since this is a 
retrospective analysis of the transcriptome, we have no data 
on causality. And although theoretically, Th2 cells may have 
some effect on clonal selection, given that there is no report 
on such a function, it is more likely that Th2 cell infiltration 
is a result of high mutation load. If that is the case, we 
cannot help but speculate that high infiltration of tumor-
promoting immune cells may be due to the function of Th2 
cells and high infiltration of tumor-regressing immune cells 
may be the result of attraction by high mutation load, and 
that is the reason why we see both types of immune cells in 
high Th2 cell tumors. 

We have previously reported that intratumoral 
heterogeneity  may account for  the di f ference in 
t u m o r  b e h a v i o r  w i t h  a  u n i q u e  t u m o r  i m m u n e  
microenvironment (16). This study found that high mutant-
allele tumor heterogeneity, which is a bioinformatic 
algorithm that provides a measurable and quantitative 
assessment of intratumor heterogeneity, was associated 
with significantly higher fractions of immunosuppressive 
T-regs. In the current study, we found that intratumoral 
heterogeneity was significantly associated with Th2 high 
tumor although infiltration of T-regs was inconsistent by 
the analyses. 

Interestingly, this association of Th2 cell infiltration and 
cancer aggressiveness was only apparent in ER-positive and 
not in TNBC. In both pathological analyses using grade 
and molecular biological analyses using Ki-67 expression 
and proliferation score, Th2 high ER-positive breast cancer 
had statistically significant associations. From the data, it 
appears that all TNBC are highly proliferative at baseline. 
Thus, Th2 levels may have no impact on the aggressiveness 
of TNBC. Whereas in the less proliferative ER-positive 
subtype, there is a significance. Taken together, Th2 cell 
infiltration may be a marker for cancer aggressiveness by 
mutation load and/or intratumoral heterogeneity in the ER-
positive subtype. 

One of the goals of NAC is to improve surgical outcomes 
by shrinking the tumor. It is well known that the majority of 
ER-positive breast cancer does not respond to NAC; thus, 
it is often not even offered. In our study, Th2 high tumors 
demonstrated a high ratio of PCR, which is a most likely 
reflection of our results that the Th2 cell level is a marker 
of highly proliferative cancer. Thus, we cannot help but 
speculate that Th2 may be a good predictive biomarker for 

highly proliferative ER-positive breast cancer that responds 
to NAC.

This study has its limitations. Data were obtained 
through publicly available data sets such as the TCGA, 
representing a retrospective study. To establish Th2 as a 
possible predictive biomarker for NAC, we would need to 
perform a prospective study. Furthermore, we are unable 
to definitively conclude whether Th2 levels are high due 
to the proliferative nature of certain breast cancers, or high 
Th2 levels are causing these proliferative features of breast 
cancer. To clarify the causality, an experimental study is 
needed. However, the focus of this study is to understand 
the clinical significance of highly proliferative Th2 tumor 
groups. 

Conclusions

In conclusion, high levels of Th2 are associated with 
aggressive features of breast cancer although it was not 
consistently associated with unfavorable tumor immune 
microenvironment. Th2 levels may be a biomarker in 
patient selection for NAC in ER-positive breast cancer.
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Supplementary

Table S1 Demographic and clinicopathological factors of Th2 High and Th2 low groups in TCGA breast cancer cohort

Clinicopathological factor
Whole cohort (n=1,069)

Th2 High, n=535 Th2 Low, n=534 P value

Age 0.235

<65 y 378 359

≥65 y 157 175

Stage <0.01

1 72 106

2 328 277

3 117 127

4 8 10

Unknown 10 14

T category <0.05

1 120 151

2 333 282

3 58 78

4 20 18

Unknown 4 5

N category <0.01

0 248 256

1 183 163

2 69 49

3 25 50

Unknown 10 16

M category 0.822

0 478 407

1 10 10

Unknown 47

ER status 0.0879

Negative 128 108

Positive 374 408

Unknown 33 18

PgR status 0.183

Negative 177 161

Positive 324 353

Unknown 34 20

HER2 status <0.05

Negative 265 283

Positive 92 66

Unknown 178 185

Histologic subtype <0.001

Infiltrating ductal carcinoma 442 321

Infiltrating lobular carcinoma 48 153

Other 29 45

Unknown 16 15
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Figure S1 The association between Th2 expression levels, cancer staging, pathological grade, and proliferation in the whole cohort. (A) 
Analysis with the whole cohort showed that Th2 levels have a significant correlation with pathological grade, especially high mitotic and 
nuclear score (P<0.001). (B) Whole cohort showed high correlation of Th2 levels with Ki-67 and proliferation score (r=0.679 and r=0.676, 
respectively).
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Figure S2 Patients who achieved pCR have significantly higher Th2 levels compared with the ones who had residual disease (RD) in 
analysis of two cohorts (GSE25066 and GSE23988).
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