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Epithelial-mesenchymal transition 
(EMT) signature is inversely 
associated with T-cell infiltration in 
non-small cell lung cancer (NSCLC)
Young Kwang Chae1, Sangmin Chang1, Taeyeong Ko1, Jonathan Anker1, Sarita Agte1, Wade 
Iams1, Wooyoung M. Choi1, Kyoungmin Lee2 & Marcelo Cruz1

Epithelial-mesenchymal transition (EMT) is able to drive metastasis during progression of multiple 
cancer types, including non-small cell lung cancer (NSCLC). As resistance to immunotherapy has been 
associated with EMT and immune exclusion in melanoma, it is important to understand alterations to 
T-cell infiltration and the tumor microenvironment during EMT in lung adenocarcinoma and squamous 
cell carcinoma. We conducted an integrated analysis of the immune landscape in NSCLCs through EMT 
scores derived from a previously established 16 gene signature of canonical EMT markers. EMT was 
associated with exclusion of immune cells critical in the immune response to cancer, with significantly 
lower infiltration of CD4 T-cells in lung adenocarcinoma and CD4/CD8 T-cells in squamous cell carcinoma. 
EMT was also associated with increased expression of multiple immunosuppressive cytokines, including 
IL-10 and TGF-β. Furthermore, overexpression of targetable immune checkpoints, such as CTLA-4 and 
TIM-3 were associated with EMT in both NSCLCs. An association may exist between immune exclusion 
and EMT in NSCLC. Further investigation is merited as its mechanism is not completely understood 
and a better understanding of this association could lead to the development of biomarkers that could 
accurately predict response to immunotherapy.

A plethora of studies have shown that the innate and adaptive immune systems play a crucial role in the anti-
cancer response as they recognize and destroy cancer cells by a process known as cancer immunosurveillance1,2. 
The major constituents of this defense system are tumor antigen-specific cytotoxic T-lymphocytes (CTLs), whose 
anti-tumor functions are amplified by immune checkpoint blockade antibodies such as CTLA-4 inhibitors and 
PD-1/PD-L1 inhibitors3–6. Though such treatment modalities have shown success in select cancer types includ-
ing melanoma and non-small cell lung cancer (NSCLC), the majority of cancer types are unresponsive to these 
treatments. Even so, only a subset of patients can be treated due to the low baseline level of CD8 T-cell infiltration 
within the tumor microenvironment (TME) necessary to achieve therapeutic benefit5,7,8. The lack of such effector 
cells in the TME is known as immune exclusion9, which has been known to be mediated by the β-catenin pathway 
in melanoma, leading to resistance to immunotherapy7,10–12. Moreover, improved outcome has been shown to be 
highly correlated with the presence of lymphocytic infiltrates within the tumor8.

In melanoma, the subset of tumors inherently resistant to immunotherapy were shown to display innate 
PD-1 resistance (IPRES), a transcriptional signature of overexpressed genes involved in the regulation of 
epithelial-mesenchymal transition (EMT), immunosuppression, angiogenesis, and monocyte and macrophage 
chemotaxis13. In particular, treatment-resistant tumors displayed decreased expression of CDH1, an epithelial 
marker gene, and increased expression of the T-cell suppressive cytokine, IL10. This was consistent with previous 
findings of immunotherapy-resistant melanoma patients having increased gene expression patterns associated 
with EMT, along with lower T-cell infiltration14,15.

In contrast to the mechanisms of immunotherapy resistance in melanoma, such pathways in NSCLC remain 
largely unknown5,6. However, as with melanoma, EMT in NSCLC has been associated with disease progression 

1Northwestern University Feinberg School of Medicine, Department of Medicine, Chicago, IL, USA. 2Department 
of Internal Medicine, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Republic of Korea. Young 
Kwang Chae and Sangmin Chang contributed equally to this work. Correspondence and requests for materials should 
be addressed to Y.K.C. (email: young.chae@northwestern.edu)

Received: 10 November 2017

Accepted: 22 January 2018

Published: xx xx xxxx

OPEN

mailto:young.chae@northwestern.edu


www.nature.com/scientificreports/

2SCIeNtIFIC REPOrTS |  (2018) 8:2918  | DOI:10.1038/s41598-018-21061-1

and poor prognosis16,17, as well as immune evasion in lung adenocarcinoma (ADC)10,12,18. EMT was furthermore 
found to have a molecular link with intratumoral CD8 T-cell suppression through ZEB1, which activates EMT 
and represses microRNA-200, a suppressor of EMT and PD-L118,19. Therefore, the relationship between immune 
exclusion of tumor-infiltrating T-cells and EMT is of great interest in NSCLC.

While this relationship has been explored in lung ADC, this has not been the case with lung squamous cell 
carcinoma (SqCC). As we expected similar results between lung ADC and SqCC, we conducted an integrated 
analysis of the relationship between the expression of signature EMT gene markers and their associated tumor 
immunophenotype, in both lung ADC and SqCC. Given that infiltration of T-cells in the TME impacts response 
to immune checkpoint inhibitors, understanding the association between immune exclusion, especially that of 
CD8 T-cells, and EMT would be of value in the development of biomarkers capable of accurately predicting 
response to immunotherapeutic modalities.

Methods
Gene expression analysis to determine EMT scores, tumor immune landscape, CD8 T-cell score, 
and cytokine and immune checkpoint gene analysis.  Gene expression RNA-sequencing z-scores were 
obtained from The Cancer Genome Atlas (TCGA) database using cBioPortal20 for a previously identified 16 
canonical gene markers of EMT (Fig. 1)21 for lung ADC (515 samples) and lung SqCC (501 samples). One differ-
ence between the 16 gene signature of EMT markers used in this study from the previous study was the replace-
ment of OCLN, an ‘epithelial’ marker for which data was not available, with TJP1, a marker of attenuation in EMT, 
and, hence, of ‘epithelial’ nature shown in previous studies22,23.

The tumor immune landscape was analyzed from RNA-seq z-scores of 812 ‘immune metagene’ signatures 
established as previously described, which were used to predict immune infiltration of 31 distinct immune cells 
for each tumor sample. Expression z-scores were used as input in the Gene Set Enrichment Analysis (GSEA) from 
the Broad Institute, and any immune cell type with a false discovery rate (q-value) ≤ 10% was considered to be 
positively infiltrating24.

EMT scores were generated by subtracting the average RNA-seq z-scores of 3 ‘epithelial’ marker genes from 
the average RNA-seq z-scores of 13 ‘mesenchymal’ marker genes for each sample. Patient samples were grouped 
as either EMT-high (highest 1/3 of EMT scores) or EMT-low (lowest 1/3 of EMT scores)18. The EMT-high group 
was defined as ‘mesenchymal’ lung ADC or SqCC tumors while the EMT-low group was defined as ‘epithelial’ 
ADC or SqCC. The infiltration of 31 distinct immune cells in ‘mesenchymal’ lung ADC (n = 172) was compared 
to that of ‘epithelial’ lung ADC (n = 171), while the same was done for mesenchymal’ (n = 167) and ‘epithelial’ 
(n = 167) lung SqCC.

The CD8 T-cell score was generated from the mean gene expression z-score of four CD8 T-cell signature 
markers (CD8A, CD8B, IGNF, and PRF1) as previously established25. CD8 T-cell scores were stratified as high 
(highest 1/3), intermediate (middle 1/3), and low (lowest 1/3).

The distribution of RNA-seq z-scores of 16 immunosuppressive and inflammatory cytokine genes (IFNα, 
IFNβ, IFNγ, TNFα, TGFβ, IL1A, IL1B, IL2, IL3, IL-4, IL5, IL6, CXCL8, IL10, IL12A, IL12B) as well as six immune 
checkpoint markers (CD274 (PD-L1), CTLA-4, HAVCR2 (TIM3), ICOS, TNFRSF4 (OX40/CD134), TNFRSF9 
(4-1BB/CD137)) and FASLG (FasL/CD95L) were compared between ‘mesenchymal’ and ‘epithelial’ groups. 
Expression of immune related cytokines and immune checkpoint genes were also analyzed utilizing univariate 
simple linear-regression analysis.

Individual gene analysis.  The immune landscapes of each of the 16 individual canonical gene markers of 
EMT were analyzed separately. Immune infiltrations of 31 distinct immune cells were compared for each high gene 
expression group (RNA-seq z-score ≥ highest 1/3) and low expression group (RNA-seq z-score ≤ lowest 1/3).

Survival outcome.  Overall survival (OS) data from TCGA was used to plot Kaplan-Meier survival curves. 
Survival of the ‘mesenchymal’ group (n = 167) was compared to the ‘epithelial’ group (n = 165) in lung ADC and 
lung SqCC (n = 162 each). Survival of infiltration of activated CD8 T-cells in the ‘mesenchymal’ and ‘epithelial’ 

Figure 1.  16 canonical gene markers of EMT. The 16 canonical genes consist of 3 ‘epithelial’ and 13 
‘mesenchymal’ genes.
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groups were also analyzed. The OS of four groups were compared for lung ADC and SqCC, where the four groups 
were Mesenchymal/activated CD8 T-cell infiltration present (n = 39, 35 respectively), Mesenchymal/activated 
CD8 T-cell infiltration absent (128, 130 respectively), Epithelial/activated CD8 T-cell infiltration present (n = 48, 
48 respectively), and Epithelial/activated CD8 T-cell infiltration absent (n = 120, 105 respectively).

Statistical analysis.  Statistical significance for infiltration of immune cells was computed using the 
chi-square test. Statistical significance for the gene expression of cytokine and immune checkpoint genes were 
computed using Welch’s t-test. Statistical significance for OS was computed by utilizing the log-rank test.

Results
EMT-high score was associated with lower CD4 T-cell infiltration in human lung ADC, lower 
CD4/CD8 T-cell infiltration in human lung SqCC, and higher infiltration of activated B cells and 
regulatory T-cells in human lung ADC and SqCC.  As EMT has been implicated with intratumoral CD8 
T-cell suppression, we sought to determine which immune cells were excluded from the TME in NSCLC. In 
‘mesenchymal’ lung ADC, tumors displayed significantly decreased infiltration of activated CD4 T-cells, effec-
tor CD4 T-cells, and Th17 cells, with significantly higher infiltration of activated B-cells and γδ T-cells (TGD) 
(Fig. 2A). However, infiltration of activated CD8 T-cells and regulatory T-cells (Tregs) were not significantly 
different. The immune infiltration and overall immune landscape of 31 immune cells in lung ADC are presented 
in Supplementary Figure 1. In comparing the fold change of infiltration of immune cells based on EMT status, 
we observed an increased infiltration of cells with anti-tumor or immune stimulatory functions such as Th17, 
mature dendritic cells (mDC), and activated CD4 T-cells in ‘epithelial’ lung ADC. Similarly, cells with pro-tumor 
or immunosuppressive functions such as Tregs displayed decreased infiltration in ‘epithelial’ lung ADC (Fig. 2B). 
Therefore in ‘mesenchymal’ lung ADC, there was a pattern of immune exclusion of pro-tumor cells while anti-tu-
mor cells showed increased infiltration.

We further conducted this analysis in lung SqCC. The immune landscape of lung SqCC was similar to that 
of lung ADC but showed more pronounced immune exclusion with significantly lower infiltration of activated 
CD4, activated CD8, and effector memory CD4 T-cells in ‘mesenchymal’ samples. Infiltration of Th17 and mDC 
were also significantly decreased in ‘mesenchymal’ lung SqCC tumors (Fig. 2C). On the contrary, activated B cells, 
TGD, and Tregs showed significantly increased infiltration in ‘mesenchymal’ lung SqCC tumors. The immune 
infiltration and overall immune landscape of 31 immune cells in lung SqCC are presented in Supplementary 
Figure 2. As in lung ADC, lung SqCC displayed increased infiltration by immune stimulatory cell types, such as 
mDC, Th17, and activated CD4 and 8 T-cells in ‘epithelial tumors. Cells with immunosuppressive functions such 

Figure 2.  Immune cell infiltration landscape by EMT score status. (A) Immune infiltration of ‘mesenchymal’ 
lung ADC compared to ‘epithelial’ lung ADC. (B) Fold change of infiltration of immune cells compared between 
‘epithelial’ and ‘mesenchymal’ lung ADC. (C) Immune infiltration of ‘mesenchymal’ lung SqCC compared 
to ‘epithelial’ lung SqCC. (D) Fold change of infiltration of immune cells compared between ‘epithelial’ and 
‘mesenchymal’ lung SqCC. *p < 0.05, **p < 0.01, ***p < 0.001.
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as Treg and TGD showed decreased infiltration in ‘epithelial’ lung SqCC (Fig. 2D). Overall, lung ADC and lung 
SqCC showed a similar pattern infiltrating cell types.

In terms of CD8 T-cell signature score, there was no discernable pattern of increased or decreased pattern of 
either mesenchymal or epithelial gene expression (RNA-seq z-score, Supplementary Figure 3).

‘Mesenchymal’ lung ADC and SqCC are associated with an inflammatory TME, with a gen-
eral trend towards higher expression of immunosuppressive and inflammatory cytokines.  
Expression of 16 immunosuppressive and inflammatory cytokine genes were compared between ‘mesenchy-
mal’ and ‘epithelial’ groups of lung ADC and SqCC tumors. Of particular interest were immunosuppressive 
cytokine markers TGFB1 (TGF- β) and IL-10, both of which showed significantly increased z-score distribu-
tion in ‘mesenchymal’ groups of lung ADC and SqCC (p 0.001 each). Similarly, linear-regression of TGFB1 
(TGF- β) and IL-10 z-scores both showed a weak positive correlation with EMT score (p < 0.001 each, R² < 0.1 
each). All linear-regression correlations of cytokines in lung ADC are presented in Supplementary Figure 4. All 
linear-regression correlations of cytokines in lung SqCC are presented in Supplementary Figure 5.

Upon analysis, expression of the cytokines IFNB1, IFNG (IFN-γ), TNF (TNF-α), TGFB1 (TGF-β), IL1B, IL2, 
IL6, CXCL8 (IL-8), and IL10 were all significantly increased in ‘mesenchymal’ lung ADC compared to ‘epithelial’ 
tumors (Fig. 3A). In lung SqCC, expression of IFNA1, IFNB1, IFNG (IFN-γ), TNF (TNF-α), TGFB1 (TGF-β), 
IL1A, IL1B, IL2, IL3, CXCL8 (IL-8), IL10, and IL12B all showed significantly increased z-score distribution in 
‘mesenchymal’ lung SqCC (Fig. 3B). There was largely a trend of increased expression of all cytokines in ‘mesen-
chymal’ groups compared to ‘epithelial’ groups of NSCLCs.

‘Mesenchymal’ lung ADC and SqCC both showed significantly higher expression of immune 
checkpoint genes, with the exception of PD-L1.  Similar to our cytokine analysis, we analyzed the 
expression of the six immune checkpoint markers between ‘mesenchymal’ and ‘epithelial’ groups. In both lung 
ADC and SqCC, the ‘mesenchymal’ group showed increased expression of all immune checkpoint markers except 
for PD-L1 (CD274). In addition, expression of FASLG (FasL/CD95L) was also significantly increased in both ‘mes-
enchymal’ NSCLCs (Fig. 4). Linear-regression analysis of all immune checkpoint markers, except for CD274 in 
both lung ADC and SqCC showed a significantly positive correlation with high EMT score, while FASLG (FasL/
CD95L) expression also showed a significantly positive correlation with EMT score in lung ADC and SqCC. All 
linear-regression correlations for lung ADC are presented in Supplementary Figure 6. All linear-regression cor-
relations of lung SqCC are presented in Supplementary Figure 7.

Expression of epithelial genes CDH1, DSP, and TJP1 showed a general negative correlation with expression of 
immune checkpoint genes and FASLG, while mesenchymal genes VIM and SNAI1 showed a general positive cor-
relation with expression of immune checkpoint genes and FASLG in both lung ADC and SqCC. The mesenchy-
mal gene CDH2 however did not show any correlation with expression of immune checkpoint genes and FASLG. 
All linear-regression correlations for lung ADC are presented in Supplementary Figure 8. All linear-regression 
correlations of lung SqCC are presented in Supplementary Figure 9.

Overexpression of individual mesenchymal genes was associated with significantly lower 
infiltration of activated CD4/CD8 T-cells in lung ADC and SqCC patients.  To determine which 
individual ‘mesenchymal’ and ‘epithelial’ EMT marker genes were associated with immune exclusion, we stud-
ied the immune landscape of each individual gene separately. Each individual ‘mesenchymal’ gene that signifi-
cantly decreased infiltration levels (p < 0.05) of both activated CD4 and CD8 T-cells in high expression groups 
were deemed meaningful. VIM showed significantly decreased infiltration of activated CD4 and CD8 T-cells 
(p < 0.001 each), as well as mDC, TGD, and Th17 cells (p < 0.001 each) in the high expression group while the 
infiltration of macrophages and Treg cells were significantly increased (p < 0.001 each). Likewise, five other genes 
showed a significantly decreased infiltration of both activated CD4/CD8 T-cells (FOXC2; p < 0.001/p = 0.012, 
ITGB6; p < 0.001 each, MMP2; p < 0.001 each, MMP9; p = 0.016/p < 0.001, and SOX10; p < 0.001 each) in 

Figure 3.  Box plot of RNA-seq z-scores of 16 cytokine genes for ‘mesenchymal’ and ‘epithelial’ groups. 
(A) Distribution of RNA-seq z-scores of ‘mesenchymal’ lung ADC compared to ‘epithelial’ lung ADC (B) 
Distribution of RNA-seq z-scores of ‘mesenchymal’ lung SqCC compared to ‘epithelial’ lung SqCC *p < 0.05, 
**p < 0.01, ***p < 0.001.
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high expression groups. In lung SqCC, 9 ‘mesenchymal’ genes including VIM showed significantly decreased 
infiltration of both activated CD4/CD8 T-cells in high expression groups (VIM; p < 0.001 each, CDH2; 
p = 0.003/p < 0.001, FOXC2; p < 0.001 each, SNA1; p < 0.001 each, FN1; p < 0.001 each, ITGB6; p < 0.001 each, 
MMP2; p < 0.001 each, MMP3; p < 0.001 each, and MMP9; p < 0.001 each).

For ‘epithelial’ genes, high expression group of DSP showed significantly increased infiltration of activated 
CD4/CD8 T-cells in lung ADC (p < 0.001 each). In lung SqCC, significantly increased infiltration was seen 
only for activated CD4 T-cells in high expression group of DSP (p = 0.0164). Though not statistically signifi-
cant, activated CD8 T-cells also showed a trend towards increased infiltration (p = 0.1799). TJP1 showed signif-
icantly decreased infiltration of activated CD8 T-cells in high expression group (p < 0.001) of lung ADC, while 
the level of activated CD4 T-cells was similar in high and low expression groups. In lung SqCC, infiltration of 
activated CD4 T-cells was increased in the high expression group of TJP1, though not significantly (p = 0.3418), 
while infiltration of activated CD8 T-cells was significantly decreased (p < 0.001). The immune infiltration and 
overall immune landscape of 31 immune cells for each gene for lung ADC and lung SqCC are presented in 
Supplementary Figure 10, and Supplementary Figure 11, respectively.

Infiltration of CD8 T-cells did not affect the OS between ‘mesenchymal’ and ‘epithelial’ groups 
in both lung ADC and SqCC.  There was no appreciable difference in OS between ‘mesenchymal’ and ‘epi-
thelial’ groups for both ADC and SqCC (p = 0.9086, p = 0.1293 respectively) (Supplementary Figure 12A).

Furthermore, infiltration of activated CD8 T-cells did not affect OS in ‘mesenchymal’ and ‘epithelial’ groups. 
There was no significant difference in OS between the four groups in either lung ADC or SqCC (p = 0.3872, 
p = 0.2353 respectively) (Supplementary Figure 12B).

Discussion
We comprehensively analyzed the TME and immune landscape of the infiltration of 31 immune cells in both 
lung ADC and SqCC24. As EMT has been associated with immune exclusion from the TME, we hypothesized 
that ‘mesenchymal’ NSCLCs would display decreased infiltration by antitumor immune cell types. In line with 
our expectations, activated CD4 and CD8 T-cells, as well as mDCs, all showed relatively decreased infiltration in 
‘mesenchymal’ lung ADC and SqCC. CD4 and CD8 T-cells play critical roles in immunosurveillance against can-
cer while mDCs confer an increase in immune activation by antigen presentation and activation of those T-cells26. 
While the infiltration of immune cells with antitumor functions were decreased, infiltration of immune cells 
with immunosuppressive functions were increased in ‘mesenchymal’ NSCLCs. Activated B cell infiltration was 
significantly increased in both NSCLCs, while Treg infiltration was significantly increased in SqCC and showed a 
trending increased infiltration in ADC. Although the function of B cells in cancer is not completely understood, 
they have been shown to secrete immunosuppressive cytokines such as IL-10, IL-4, and TGF-β in cancer27, where 
IL-10 and TGF-β are able to inhibit the cytotoxic activities of CD8 T-cells28. Similarly, Tregs promote tumor pro-
gression in a number of ways, including inhibiting the activation and survival of T-cells and increasing levels of 
IL-10 and TGF-β29–31.

Interestingly, our results showed significantly increased infiltration of TGD in ‘mesenchymal’ lung ADC and 
SqCC, while infiltration of Th17 cells were significantly decreased in both ‘mesenchymal’ groups. TGDs have dual 
opposing functions in protection against cancer and promotion of tumor growth32. While they have highly effec-
tive tumor killing abilities, they are also known to promote tumor growth via IL-17 production. IL-17 is a pleio-
tropic cytokine which has shown increased expression levels in lung cancer that may also have a role in promoting 
EMT33. Th17 immune cells are defined by their production of IL-17, and along the same lines as TGD, also have 
dual opposing functions as they acquire either immune suppressive functions or antitumor functions depending 

Figure 4.  Box plot of RNA-seq z-scores of 6 immune checkpoint genes and FASLG for ‘mesenchymal’ and 
‘epithelial’ groups. (A) Distribution of RNA-seq z-scores of ‘mesenchymal’ lung ADC compared to ‘epithelial’ 
lung ADC (B) Distribution of RNA-seq z-scores of ‘mesenchymal’ lung SqCC compared to ‘epithelial’ lung 
SqCC *p < 0.05, **p < 0.01, ***p < 0.001.
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on the tumor type and stage of progression3,34. Although TGD and Th17 both have potentially pro and antitumor 
functions, it is unclear which of the two functionalities were at play in ‘mesenchymal’ NSCLCs.

In recent years, inflammation has been established as a key inducer of EMT during the progression of cancer35. 
Modification of the TME during EMT occurs as a result of the activity of cytokines, such as IFN-γ, TGF-β and 
TNF-α which have been shown to induce EMT during cancer progression31,36. Our data corroborates previous 
findings of an inflammatory TME associated with EMT, as ‘mesenchymal’ lung ADC and SqCC tumors displayed 
a trend towards increased expression of all cytokines and growth factor genes compared to ‘epithelial’ NSCLCs. 
Expression of EMT inducing cytokines IFN-γ and TNF-α were both significantly increased in ‘mesenchymal’ 
groups while expression of immunosuppressive cytokines IL-10 and TGF-β were also significantly increased in 
both ‘mesenchymal’ NSCLCs. TGF-β is not only immunosuppressive but as previously mentioned, also has EMT 
inducing and T-cell inhibiting functions. Furthermore, pro-inflammatory cytokines such as IL-1, IL-6, and IL-8 
which induce chronic inflammation may lead to transformation of cells and malignancy31,37. In line with such 
findings, our results showed significantly increased expression of IL1B, IL6, and CXCL8 (IL-8) in ‘mesenchymal’ 
ADC, while IL1A, IL1B, and CXCL8 (IL-8) showed significantly increased expression in ‘mesenchymal’ SqCC. 
Finally, expression of IL2, which is known to be critical for the development and peripheral expansion of Tregs38 
was significantly increased in both NSCLCs.

While it has been shown that PD-L1 expression levels in ‘mesenchymal’ lung ADC were significantly ele-
vated18, we did not observe any difference in RNA expression levels of PD-L1 between ‘mesenchymal’ and ‘epithe-
lial’ groups in the two NSCLCs. Although the aforementioned study used an expanded 76 gene marker for EMT 
score, it showed a significant correlation to the EMT score derived from the 16 canonical gene markers utilized 
in our study (r value of 0.58 with a p value ~0 in a Pearson’s correlation)21. As such, PD-L1 is expected to show 
higher expression levels in ‘mesenchymal’ ‘groups of NSCLC. However, as our results did not show a difference 
between the two groups, it suggests that the markers utilized in the two studies may not be completely accurate.

Other immune inhibitory checkpoint genes, CTLA-4 and HAVCR2 (TIM-3) were significantly overexpressed in 
‘mesenchymal’ lung ADC and SqCC, in addition to FASLG (FasL/CD95L) which has both immunosuppressive and 
antiangiogenic effects39. Furthermore, immune stimulatory checkpoint genes40–42, namely ICOS, TNFRSF4 (OX40/
CD134), and TNFRSF9 (4-1BB/CD137) were also all overexpressed in ‘mesenchymal’ NSCLCs. This is in agree-
ment with previous results speculating that an immunosuppressive TME led to functional impairment of T-cells 
following initial proper activation18. This, along with the overexpression of immunosuppressive cytokines, suggests 
that the TME in ‘mesenchymal’ NSCLCs is in a state of overall immune suppression. Although analysis using the 
EMT score did show a correlation with increased expression of inflammatory cytokines and immune checkpoint 
genes, correlation results of analysis at the individual gene level were unclear. If at all, the correlation was very weak, 
although statistically significant. Nonetheless, the directions of correlation for ‘mesenchymal’ and ‘epithelial’ genes 
were consistent with our hypothesis as ‘epithelial’ gene markers of EMT showed a general negative correlation with 
expression of immune checkpoint genes while the opposite was shown for ‘mesenchymal’ gene markers of EMT. The 
caveat is that the study of individual gene expression of factors affecting the TME in relation to mRNA expression of 
individual EMT signature genes alone does have its inherent limitations, compared to analysis with the EMT score.

Although features of EMT are associated with progression of cancer43, ‘mesenchymal’ lung ADC and SqCC 
did not show any significant differences in OS. This was consistent with a prior study which showed that EMT 
status and poorer survival were not correlated in cancers, including lung cancer44. Furthermore, we, for the first 
time, looked at whether the presence of infiltrating activated CD8 T-cells altered OS between ‘mesenchymal’ 
and ‘epithelial’ groups. Although infiltration of lymphocytes has been correlated with improved outcome5,7, our 
results did not show a difference between the two groups. This may be attributed to the fact that tumor samples 
in TCGA are generally not of advanced stage patients45, and the role of CD8 T-cells in advanced and early stage 
cancers may be different.

Our findings of infiltration of immune cells and expression of various cytokines, growth factors, and immune 
checkpoints indicate a TME where antitumor function of T-cells are largely inhibited in ‘mesenchymal’ lung 
ADC and SqCC. While the associations and specific mechanisms are as of yet unclear, what is clear is that a com-
plex interplay exists between the dynamic process that is EMT and the TME, cytokines, and tumor-infiltrating 
immune cells. Though we can infer that an association is present between these factors and EMT, our results do 
have limitations. As this is a study of an RNA-seq clinical database, our findings need to be validated at the pro-
tein level in future studies. Another shortcoming of this study is that TCGA tumor samples are core biopsies or 
incisional biopsies, which may not be a reliable representative of the entire tumor46.

In summary, ‘mesenchymal’ features of lung ADC and SqCC are associated with exclusion of activated T-cells 
in the TME, which in turn may be associated with an upregulation of inflammatory cytokines in the TME as well 
as an upregulation of immunosuppressive immune checkpoint factors. As has been shown in our study as well as 
previous studies, inflammatory cytokines may play an important role in the induction of EMT. In addition, there 
appears to be manipulation of immune checkpoints leading to an immunosuppressive TME. However, the inter-
action between the TME, cytokines, immune checkpoints, and immune cells are complex and their mechanisms 
and specific associations are ultimately poorly understood. To date, no clear causality between immune exclusion 
and EMT has been revealed in NSCLC. Its identification could ultimately play a valuable role in elucidating causes 
for resistance to immunotherapy, and therefore warrants further investigation.

References
	 1.	 Swann, J. B. & Smyth, M. J. Immune surveillance of tumors. Journal of Clinical Investigation. 117(5), 1137–1146 (2007).
	 2.	 Kim, R., Emi, M. & Tanabe, K. Cancer immunoediting from immune surveillance to immune escape. Immunology. 121(1), 1–14 

(2007).
	 3.	 Domagala-Kulawik, J. The role of the immune system in non-small cell lung carcinoma and potential for therapeutic intervention. 

Translational Lung Cancer Research. 4(2), 177–190 (2015).



www.nature.com/scientificreports/

7SCIeNtIFIC REPOrTS |  (2018) 8:2918  | DOI:10.1038/s41598-018-21061-1

	 4.	 Joyce, J. A. & Fearon, D. T. T cell exclusion, immune privilege, and the tumor microenvironment. Scienc. 348(6230), 74–80 (2015).
	 5.	 O’Donnell, J. S., Smyth, M. J. & Teng, M. W. L. Acquired resistance to anti-PD1 therapy: checkmate to checkpoint blockade? Genome 

Medicine 8, 111 (2016).
	 6.	 Sharma, P., Hu-Lieskovan, S., Wargo, J. A. & Ribas, A. Primary, Adaptive, and Acquired Resistance to Cancer Immunotherapy. Cell. 

168(4), 707–723 (2017).
	 7.	 Spranger, S., Bao, R. & Gajewski, T. F. Melanoma-intrinsic beta-catenin signaling prevents anti-tumour immunity. Nature. 

523(7559), 231–5 (2015).
	 8.	 Kelderman, S., Schumacher, T. N. & Haanen, J. B. Acquired and intrinsic resistance in cancer immunotherapy. Molecular Oncology. 

8(6), 1132–1139 (2014).
	 9.	 Gajewski, T. F., Schreiber, H. & Fu, Y. X. Innate and adaptive immune cells in the tumor microenvironment. Nat Immunol. 14(10), 

1014–1022 (2013).
	10.	 Aguilera, T. A. & Giaccia, A. J. Molecular Pathways: Oncologic Pathways and Their Role in T-cell Exclusion and Immune Evasion—A 

New Role for the AXL Receptor Tyrosine Kinase. Clinical Cancer Research. 23(12), 2928–2933 (2017).
	11.	 Spranger, S. & Gajewski, T. F. A new paradigm for tumor immune escape: β-catenin-driven immune exclusion. Journal for 

Immunotherapy of Cancer. 3, 43 (2015).
	12.	 Datar, I. & Schalper, K. A. Epithelial-Mesenchymal Transition and Immune Evasion during Lung Cancer Progression: The Chicken 

or the Egg? Clinical Cancer Research. 22(14), 3422–3424 (2016).
	13.	 Hugo, W. et al. Genomic and Transcriptomic Features of Response to Anti-PD-1 Therapy in Metastatic Melanoma. Cell. 165(1), 

35–44 (2016).
	14.	 Landsberg, J. et al. Melanomas resist T-cell therapy through inflammation-induced reversible dedifferentiation. Nature. 490(7420), 

412–416 (2012).
	15.	 Woods, K., Pasam, A., Jayachandran, A., Andrews, M. C. & Cebon, J. Effects of Epithelial to Mesenchymal Transition on T Cell 

Targeting of Melanoma Cells. Frontiers in Oncology. 4, 367 (2014).
	16.	 Tsoukalas, N. et al. Epithelial-Mesenchymal Transition in Non Small-cell Lung Cancer. Anticancer Res. 37(4), 1773–1778 (2017).
	17.	 Mahmood, M. Q., Ward, C., Muller, H. K., Sohal, S. S. & Walters, E. H. Epithelial mesenchymal transition (EMT) and non-small cell 

lung cancer (NSCLC): a mutual association with airway disease. Med Onco. 34(3), 45 (2017).
	18.	 Lou, Y. et al. Epithelial-Mesenchymal Transition Is Associated with a Distinct Tumor Microenvironment Including Elevation of 

Inflammatory Signals and Multiple Immune Checkpoints in Lung Adenocarcinoma. Clinical Cancer Research. 22(14), 3630–42 
(2016).

	19.	 Chen, L. et al. Metastasis is regulated via microRNA-200/ZEB1 axis control of tumour cell PD-L1 expression and intratumoral 
immunosuppression. Nat Commun. 5, 5241 (2014).

	20.	 Gao, J. et al. Integrative analysis of complex cancer genomics and clinical profiles using the cBioPortal. Sci Signal. 6(269), 11 (2013).
	21.	 Gibbons, D. L. & Creighton, C. J. Pan-cancer survey of epithelial-mesenchymal transition markers across the Cancer Genome Atlas. 

Dev Dy. (2017).
	22.	 Ni, S. et al. Increased ZO-1 expression predicts valuable prognosis in non-small cell lung cancer. International Journal of Clinical and 

Experimental Pathology. 6(12), 2887–2895 (2013).
	23.	 Lamouille, S., Xu, J. & Derynck, R. Molecular mechanisms of epithelial–mesenchymal transition. Nat Rev Mol Cell Biol. 15(3), 

178–196 (2014).
	24.	 Angelova, M. et al. Characterization of the immunophenotypes and antigenomes of colorectal cancers reveals distinct tumor escape 

mechanisms and novel targets for immunotherapy. Genome Biology. 16(1), 64 (2015).
	25.	 Spranger, S., Dai, D., Horton, B. & Gajewski, T. F. Tumor-Residing Batf3 Dendritic Cells Are Required for Effector T Cell Trafficking 

and Adoptive T Cell Therapy. Cancer Cell. 31(5), 711–723 (2017).
	26.	 Janco, J. M. T., Lamichhane, P., Karyampudi, L. & Knutson, K. L. Tumor-infiltrating dendritic cells in cancer pathogenesis(1). Journal 

of immunology. 194(7), 2985–2991 (2015).
	27.	 Fremd, C., Schuetz, F., Sohn, C., Beckhove, P. & Domschke, C. B cell-regulated immune responses in tumor models and cancer 

patients. Oncoimmunology 2(7), e25443 (2015).
	28.	 Dennis, K. L., Blatner, N. R., Gounari, F. & Khazaie, K. Current status of IL-10 and regulatory T-cells in cancer. Current opinion in 

oncology. 25(6), 637–645 (2013).
	29.	 Takeuchi, Y. & Nishikawa, H. Roles of regulatory T cells in cancer immunity. Int Immunol. 28(8), 401–9 (2016).
	30.	 Taylor, A., Verhagen, J., Blaser, K., Akdis, M. & Akdis, C. Mechanisms of immune suppression by interleukin-10 and transforming 

growth factor-β: the role of T regulatory cells. Immunology. 117(4), 433–442 (2006).
	31.	 Ricciardi, M. et al. Epithelial-to-mesenchymal transition (EMT) induced by inflammatory priming elicits mesenchymal stromal 

cell-like immune-modulatory properties in cancer cells. Br J Cancer. 112(6), 1067–75 (2015).
	32.	 Silva-Santos, B., Serre, K. & Norell, H. [gamma][delta] T cells in cancer. Nat Rev Immunol. 15(11), 683–691 (2015).
	33.	 Gu, K. et al. Interleukin-17-induced EMT promotes lung cancer cell migration and invasion via NF-κB/ZEB1 signal pathway. 

American Journal of Cancer Research. 5(3), 1169–1179 (2015).
	34.	 Guery, L. & Hugues, S. Th17 Cell Plasticity and Functions in Cancer Immunity. Biomed Res Int. 2015, 314620 (2015).
	35.	 Mantovani, A., Allavena, P., Sica, A. & Balkwill, F. Cancer-related inflammation. Nature. 454(7203), 436–444 (2008).
	36.	 Grivennikov, S. I., Greten, F. R. & Karin, M. Immunity, inflammation, and cancer. Cell 140(6), 883–99 (2010).
	37.	 Landskron, G., la Fuente, D., Thuwajit, M., Thuwajit, P. & Hermoso, C. M.A. Chronic inflammation and cytokines in the tumor 

microenvironment. J Immunol Res. 2014, 149185 (2014).
	38.	 Nelson, B. H. IL-2, Regulatory T Cells, and Tolerance. The Journal of Immunology. 172(7), 3983–3988 (2004).
	39.	 Wigginton, J. M. et al. IFN-γ and Fas/FasL are required for the antitumor and antiangiogenic effects of IL-12/pulse IL-2 therapy. 

Journal of Clinical Investigation. 108(1), 51–62 (2001).
	40.	 Curti, B. D. et al. OX40 is a potent immune-stimulating target in late-stage cancer patients. Cancer Res 73(24), 7189–7198 (2013).
	41.	 Melero, I. et al. Monoclonal antibodies against the 4-1BB T-cell activation molecule eradicate established tumors. Nat Med. 3(6), 

682–685 (1997).
	42.	 Fan, X., Quezda, S. A., Sepulveda, M. A., Sharma, P. & Allison, J. P. Engagement of the ICOS pathway markedly enhances efficacy of 

CTLA-4 blockade in cancer immunotherapy. The Journal of Experimental Medicine. 211(4), 715–725 (2014).
	43.	 Thiery, J. P. Epithelial-mesenchymal transitions in tumour progression. Nat Rev Cancer. 2(6), 442–54 (2012).
	44.	 Tan, T. Z. et al. Epithelial-mesenchymal transition spectrum quantification and its efficacy in deciphering survival and drug 

responses of cancer patients. EMBO Molecular Medicine 6(10), 1279–1293 (2014).
	45.	 Geifman, N. & Butte, A. J. Do canccer clinical trial populations truly represent cancer patients? A comparision of open clinical trials 

to the cancer genome atlas. Pacific Symposium on Biocomputing. 21, 309–320 (2016).
	46.	 Obeid, J. M., Wages, N. A., Hu, Y., Deacon, D. H. & Slingluff, C. L. Jr. Heterogeneity of CD8(+) tumor-infiltrating lymphocytes in 

non-small-cell lung cancer: impact on patient prognostic assessments and comparison of quantification by different sampling 
strategies. Cancer immunology, immunotherapy 66(1), 33–43 (2017).



www.nature.com/scientificreports/

8SCIeNtIFIC REPOrTS |  (2018) 8:2918  | DOI:10.1038/s41598-018-21061-1

Author Contributions
Y.K.C. and S.C. designed, analyzed, interpreted results, wrote the main manuscript text, and prepared Figs 1–4. 
Y.K.C., S.C., T.K., J.A., S.A., W.I., W.M.C., K.L., and M.C. reviewed the manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-21061-1.
Competing Interests: The authors declare no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://dx.doi.org/10.1038/s41598-018-21061-1
http://creativecommons.org/licenses/by/4.0/

	Epithelial-mesenchymal transition (EMT) signature is inversely associated with T-cell infiltration in non-small cell lung c ...
	Methods

	Gene expression analysis to determine EMT scores, tumor immune landscape, CD8 T-cell score, and cytokine and immune checkpo ...
	Individual gene analysis. 
	Survival outcome. 
	Statistical analysis. 

	Results

	EMT-high score was associated with lower CD4 T-cell infiltration in human lung ADC, lower CD4/CD8 T-cell infiltration in hu ...
	‘Mesenchymal’ lung ADC and SqCC are associated with an inflammatory TME, with a general trend towards higher expression of  ...
	‘Mesenchymal’ lung ADC and SqCC both showed significantly higher expression of immune checkpoint genes, with the exception  ...
	Overexpression of individual mesenchymal genes was associated with significantly lower infiltration of activated CD4/CD8 T- ...
	Infiltration of CD8 T-cells did not affect the OS between ‘mesenchymal’ and ‘epithelial’ groups in both lung ADC and SqCC. 

	Discussion

	Figure 1 16 canonical gene markers of EMT.
	Figure 2 Immune cell infiltration landscape by EMT score status.
	Figure 3 Box plot of RNA-seq z-scores of 16 cytokine genes for ‘mesenchymal’ and ‘epithelial’ groups.
	Figure 4 Box plot of RNA-seq z-scores of 6 immune checkpoint genes and FASLG for ‘mesenchymal’ and ‘epithelial’ groups.




