Review Article

Page 1 of 19

Narrative review of cytokines and cell surface markers in the
tumor microenvironment of stage I lung cancer
Ogheneyoma Akpoviroro
Department of Surgery, Boston University School of Medicine, Boston, MA, USA
Correspondence to: Ogheneyoma Akpoviroro. Department of Surgery, Boston University School of Medicine, Boston, MA 02118, USA.
Email: Ogheneyoma.Akpoviroro@bmc.org.

Abstract: The possibility to apply the knowledge of cell surface markers and cytokines in the tumor
microenvironment of early lung cancer (LC) in clinical practice, is still a developing facet of oncological
medicine, but may possibly be a very fertile, not wholly explored facet. Although early diagnosis of LC
through the efforts of LC screening has served an important role in decreasing LC mortality, cancer
recurrence is also an equally important clinical concern. Cell surface markers and cytokines in the tumor
microenvironment of LC may serve a clinical prognostic purpose. This is specifically with regard to risk
stratification and subsequent identification of patients that may most benefit from early postoperative
adjuvant therapy, based on their risk of recurrence. These molecules could also potentially serve as
therapeutic targets. However, the roles and effects of various cytokines and cell surface markers in the
immune microenvironment (IME) of LC and other cancers, as well as the interplay between these molecules
and infiltrating immune cells, have not been fully elaborated, and there remains work to be done in this
respect. This article attempts to discuss some of these cell surface markers and cytokines that may, in the
future, serve as prognosticators for the early LC, possibly in the forms of stratification scores and models.
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Introduction
This review will focus on cell surface markers and molecules,
as well as cytokines, and the possible roles they play with
regard to prognosis in early-stage lung cancer (LC) and
tumorigenesis. We present the following article in accordance
with the NARRATIVE REVIEW reporting checklist
(available at http://dx.doi.org/10.21037/amj-20-144).
Methods
A PubMed search was performed using the phrases:
“lung cancer”, “immune prognostic factors”, “stage I”,
which provided 88 search results. We further limited the
publication dates to the last 10 years: 2009-01-01–201912-31, which filtered the search results down to 74
(Figure 1). We further excluded articles whose primary focus
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was specifically stated to be advanced-stage LC, articles
we were unable to get full access to, and articles that were
not relevant to the topic at hand, i.e., articles not focused
on cytokines or cell surface markers. More relevant articles
were found within the reference lists of the previously
mentioned relevant articles. In total we reviewed 93 articles,
to come up with a robust summary of the current available
knowledge on cell surface markers and cytokines in the
immune microenvironment (IME) associated with stage I
and early-stage LC.
Cell surface markers and molecules
This section will focus on the findings of recent research
as they relate to the functions and prognostic value of cell
surface markers and molecules. It will include discussions
concerning the following molecules: 0X-40, PD-1/PD-L,

AME Med J 2020 | http://dx.doi.org/10.21037/amj-20-144

Page 2 of 19

AME Medical Journal, 2020

74 articles generated by
PubMed search

60
• → Focused on immune cells: 15
• → Advanced lung cancer only: 3
• → Treatment focused: 5
• → Full article inaccessible: 3
• → Focused on peripheral blood: 8
• → Miscellaneous: 26

14 fully reviewed

79
Found within the

Included

reference lists of 14

Total reviewed and
cited: 93

reviewed

Figure 1 Flow diagram of the literature search process.

CTLA-4 and HLA-II.
OX40
OX40, also known as CD134, is a member of the family
of tumor necrosis factor (TNF) receptors. This receptor
is highly expressed in various activated immune cells,
including activated B-cells, T-cells, neutrophils, natural
killer (NK) cells and macrophages. There are a number
of mechanisms that have been suggested to explain the
effects of OX40 in the tumor IME. Studies have shown
that activation of OX40 leads to cytokine production that
promotes CD4+ T-cell proliferation (1), Th17 T-cell
proliferation via promoting the elaboration of interleukin
(IL)-17 from T-cells activated by OX40 (2) and suppression
of Foxp3 expression, a marker of regulatory T-cells (T-regs)
(3). These findings lead to the notion that a high expression
of OX40 would be associated with increased tumor
inflammation and possibly an enhanced antitumor response,
and is the basis for studies analyzing the effects of agonistic
OX40 antibodies on tumors (4-7). Piconese et al. showed
that agonistic OX40 monoclonal antibodies promoted
cytotoxic T-cell proliferation, while inhibiting T-reg
function via inactivation, thus having an overall antitumor
effect in murine models (4). Weinberg et al. also showed in
their murine study that stimulation of OX40 receptor by
OX40 ligand (OX40-L) or agonist antibodies lead to T-cell
proliferation and enhanced survival of effector T-cells, while
also delaying the growth of tumors in mice that received
OX40-L in a dose-dependent manner (7). Yokouchi
showed in their LC murine models that administration
of OX40-L alone lead to a significant reduction in tumor
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volume similar to radiotherapy (RDT) alone, compared
with control models that received control IgG (P<0.0001);
when both OX40-L and RDT were combined, this
reduction in tumor volume was even more enhanced
(P<0.0001) (8). An immunohistochemistry (IHC) study by
Massarelli et al. on the prognostic significance of OX40 in
the IME of surgically resected stage I-III non-small cell
lung cancer (NSCLC) showed that high expression of OX40
in the IME was associated with an improved overall survival
(OS) in univariate analysis [95% confidence interval (CI),
1.4–5.2, hazard ratio (HR) 2.68, P=0.002] and multivariate
analysis (P=0.004), suggesting that OX40 appears to be an
independent prognostic factor in the IME of LC. Although
OX40 was shown to be positively correlated with improved
survival, there did not appear to be any relationship
between OX40 and clinicopathological factors in this study,
including stage and histology. Furthermore, greater OX40
expression was also shown to be associated with increased
expression of markers of immune activation, including
the genes for interferon-gamma (IFN-γ), CD3, CD8 and
others (P≤0.01). This latter finding supports the notion
that OX40 expression is associated with a robust immune
response and a subsequent improved immune-mediated
antitumor response (9). On the contrary, the expression
of OX40 on tumor-infiltrating lymphocytes (TILs) in the
tumor IME has been shown to be associated with a poorer
prognosis in early-stage LC by He et al. (10). This study
stained treatment-naïve resected stage I NSCLC tissue
samples using IHC. Study results showed that a shorter
disease-free survival (DFS) and OS were associated with
positive OX40 expression (OX40+) on TILs, compared
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with tumors with negative OX40 expression (OX40−),
although these findings were statistically insignificant.
Nonetheless, when OX40 expression was stratified by stage
(stage IA OX40+ vs. OX40− vs. stage IB OX40+ vs. OX40−),
statistically significant survival (P=0.0001) and recurrence
(P=0.0001) disadvantages were disclosed to be associated
with OX-40 expression, especially in stage IA disease. For
example, TIL OX40 expression was compared between
stage IA patients; OX40+ patients had 3.13 years median
OS and 1.9 years median DFS, compared with OX40− stage
IA patients, in whom median OS and DFS were 4.90 and
4.90 years, respectively (10). Although the study by He et
al. showed a statistically significant negative correlation
between DFS and TIL OX40 expression, the results may
have been affected by the small sample size from which they
were derived (n=139). Although there is little human-based
LC-focused research on OX40 in the IME, the findings
with regard to other human cancers that have shown OX40
in the IME of tumors to be a positive prognosticator for
survival and lack of metastasis, provide further support that
OX40 may probably be an indicator of positive prognosis in
LC (11,12). Nevertheless, further research employing larger
sample sizes is still required to ascertain whether OX40
expression, or stimulation of OX40 receptors truly serve
as positive prognosticators that some preliminary studies
have suggested, and if such prognostic effect is consistently
applicable to LC.
Programmed death protein-1/programmed-death
ligand (PD-1/PD-L)
PD-1, formerly known as B7-H1, is a cell surface protein
whose functions include activity as an immune checkpoint.
PD-1 is a transmembrane protein expressed on various
immune cells including NK cells, B- and T-cells, activated
monocytes and macrophages (13,14). PD-1 and its
ligands (PD-L1, PD-L2) suppress the immune response;
specifically, they promote T-reg activity via a number
of suggested mechanisms, while suppressing non-T-reg
CD4+ and CD8+ T-cells. It is thought that this suppressive
action by PD-1 and its ligands are essential for preventing
autoimmune disorders, by inhibiting the survival of selfreactive T-cells (15,16). While this immunosuppressive
action of PD-1 and its ligands is essential for physiological
immunity, the same activity infers negative prognosis in the
setting of malignant tumors. This is supported by a number
of studies that have shown an association between the
expression of PD-1/PD-L1 in TILs and a poorer prognosis.
He et al. showed a lower DFS rate in patients whose stage
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I NSCLC tumors expressed PD-L1 (PD-L1+), compared
with those whose tumors did not express either PD-L1
or OX40. The DFS was significantly worse in patients
whose tumors expressed both PD-L1 and OX40 (PD-L1+/
OX40+) together, compared with patients who were both
PD-L1 and OX40 negative (PD-L1−/OX40−), or only
negative for one or the other (P=0.0001) (10). For example,
at 3 years, the approximate DFS rate in stage IA PD-L1+/
OX40+ tumors was 30%, 58% for PD-L1/OX40+ and 62%
for PD-L1−/OX40− tumors; stage IB data also displayed a
similar pattern and both were equally significant (P<0.0001).
OS was also shown to negatively correlate with PD-L1 and/
or OX40 expression. At 3 years, the approximate OS rate
in stage IA patients with PD-L1+/OX40+ tumors was 58%.
When either OX40 or PDL-1 was positive (PD-L1/OX40+)
the approximate OS rate was 60%. When neither was
positive (PD-L1−/OX40−) the OS rate was 72% (P<0.0001).
A similar pattern was seen in stage IB tumors and was
equally significant (P<0.0001) (10). It has been suggested
that the overexpression of PD-L1 in LC, which has been
shown to be a negative prognosticator, more consistently
in the case of NSCLC, may be associated with the loss
of BIN1, a tumor-suppressor protein responsible for
downregulating PD-L1, amongst other immune-suppressive
pathways (17). Targeted therapy has been developed
against PD-1/PD-L, based on the premise of inhibiting the
inhibitor of the immune response, thereby promoting the
antitumoral effects of the immune system. Examples of such
therapies include pembrolizumab, nivolumab, atezolizumab,
avelumab, durvalumab, and cemiplimab (18-20). The
negative prognostic effects of TILs expressing PD-1/PD-L1
in NSCLC may be associated with the increased glycolytic
metabolism, as ascertained by FDG-PET, associated
with tumors that express these immune checkpoint
proteins (13,21). Such increased tumor metabolism may
be responsible for promoting tumor survival. Another
retrospective analysis of 113 stage I NSCLC samples also
showed corroborating results, in which a low expression of
PD-L1 in both tumors and tumor-infiltrating macrophages
(TIMs) corresponded with a 95% 5-year OS, compared
with a 20% 5-year OS when PD-L1 expression was high
in both tumors and TIMs (P<0.001). Furthermore, in the
intermediate group composed of high PD-L1 expression
in either tumor cells (TCs) or TIMs (but not both),
prognosis was less favorable (76% 5-year OS) than the
low-expression group (in both tumors and TIMs), but
better than the high-expression group (in both tumors
and TIMs) (P<0.001) (22). Another study assessing the

AME Med J 2020 | http://dx.doi.org/10.21037/amj-20-144

Page 4 of 19

mRNA levels of PD-L1 in NSCLC using data derived
from The Cancer Genome Atlas (TCGA), rather than by
IHC analysis like the previously aforementioned studies,
showed that in patients with adenocarcinoma (ADC), PDL1 levels were higher in recently-quit smokers (≤15 years)
and current smokers, compared with smokers with a more
remote smoking history (>15 years) and never-smokers
(P<0.05). These findings support the notion that smoking
potentially contributes to diminished immune function and
pro-tumoral response (23). Another study by Rashed et al.
showed PD-L1 to be negatively correlated with CD8+ T-cell
expression, which further supports the notion that PD-L1
expression probably mediates suppression of cell-mediated
antitumor response, at least in the case of NSCLC. In
tumors with low CD8+ infiltration, 75% were PD-L1+,
compared with only 25% PD-L1− (P=0.0045); conversely,
only 31.3% of high CD8+ infiltrated tumors were PDL1+, compared with 68.8% of these tumors, which were
PD-L1− (P=0.004) (24). Similar findings that PD-L1 is
associated with worse prognosis have been reproduced by
a number of metanalyses (25,26). Paulsen et al. showed in
their NSCLC study that high PD-1/PD-L1 expression
within the tumor and in the surrounding stroma was
associated with an improved disease-specific survival (DSS),
in contrast with the aforementioned studies. High stromal
PD-L1 expression was associated with a 5-year DSS rate
of 67% (median: 235 months), compared with low stromal
PD-L1 expression with a 53% 5-year DSS rate (median: 73
months; P=0.004). When the group was stratified according
to histological subtype, the improved DSS associated with
high PD-L1 expression was maintained in the squamous
cell carcinoma (SCC group) (P=0.002) but lost in the ADC
group (P=0.501). There was also a similar but insignificant
prognostic advantage associated with high tumoral PDL1 expression (63% 5-year DSS rate, 190 months median
DSS), compared with low tumoral PD-L1 expression (56%
5-year DSS rate, 104 months median DSS; P=0.313). The
study also showed a significant 5-year survival advantage
with high vs. low stromal PD-L1 expression [59% (median:
87 months) vs. 47% (median: 44 months), respectively;
P=0.039]; when stratified by histology, the survival
advantage was maintained in the SCC group (P=0.007), and
lost in the ADC group (P=0.710) (27). These variances in
results between these studies may be attributed to factors
such as the threshold used to ascertain positivity for PDL1, application of different antibodies in IHC studies
and also possibly, the varying sample sizes. Nonetheless,
given the diverse results attained by different studies, it is
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a possibility that the effect of PD-1/PD-L1 in the IME
may be influenced by other factors, including the presence
and density of TILs, the predominant PD-L (i.e., PD-L1
vs. PD-L2) in the IME, the underlying inducer of PD-L1
expression (e.g., oncogenes), the effects of PD-1 stimulation
on other immune cells expressing this receptor in the
IME, and other factors, some of which are likely to still be
unknown (28). It has been suggested that PD-L1 expression
in the IME has a dynamic property (28), which may explain
studies that have shown patient response to blockade
treatment despite tumors staining negative for PD-L1 (29).
Therefore, although PD1/PD-L1 expression in the tumor
IME appears to be associated with poorer prognosis in
NSCLC, the contradicting results from different studies
suggest a more complex interaction in the IME, which
warrants further studies to fully characterize the effects of
PD-1/PD-L1 in the IME and any other factors that may
modify its effects (Table 1).
Cytotoxic T-lymphocyte antigen 4 (CTLA-4)
CTLA-4 is a cell-surface molecule found on T-cells,
involved in downregulating the activation of T-cells and
subsequently is most highly expressed, albeit transiently,
in stimulated T-cells, and poorly expressed in resting/nonstimulated T-cells (30). CTLA-4 is an analogue of the costimulatory molecule CD28, which is constitutively present
on T-cells; CTLA-4 binds to B7 of antigen-presenting cells,
causing the activation of T-cells, but has a greater affinity for
B7 than does CD28. While CD28 is constitutively active,
CTLA-4 only becomes expressed following activation of
T-cells (31); however, it is constitutively active only in a
subset of T-cells, specifically the T-regs (32). Knowing
that CTLA-4 downregulates effector T-cell activation,
it follows that a high expression of CTLA-4 on T-cells
would lead to a suppressed immune response, useful
for peripheral immune tolerance, but disadvantageous
for antitumor response (33,34). Increased CTLA-4 in
TILs has been associated with mutations of tumorsuppressor genes, specifically the loss of Lkb-1 and kras
mutation (35). The notion that CTLA-4 is involved in
suppressing antitumor response is supported by several
studies that have focused on the resulting antitumor
response following CTLA-4 blockade in human
melanoma (36), and murine experiments (37). It has been
suggested that CTLA-4 is able to promote tumorigenesis,
possibly by inhibiting the antitumor cytokine, IL-2.
Although IL-2 has T-cell growth-promoting functions, it
has also been implicated in promoting T-regs, which have
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Table 1 PD-1/PD-L1 in the immune microenvironment of stage I lung cancer
Author

Sample size Stages

Conclusion

He et al. (10)

139

Increased expression in NSCLC is associated with shorter DFS and OS

I

PD-L1−/OX40− tumors were significantly associated with longer OS and DFS, compared
with PD-L1+/OX40+, or PD-L1/OX40+; P=0.0001
3 years OS rate in stage IA (P<0.0001):
 PD-L1+/OX40+ =58%
 PD-L1/OX40+ =60%
 PD-L1−/OX40− =72%
 A similar pattern was seen in stage IB tumors and was equally significant (P<0.0001)
3 years DFS rate in stage IA (P<0.0001):
 PD-L1+/OX40+ =30%
 PD-L1/OX40+ =58%
 PD-L1−/OX40− =62%
 A similar pattern was seen in stage IB tumors and was equally significant (P<0.0001)
Sepesi et al. (22)

113

I

Increased expression in NSCLC is associated with shorter OS
5-year OS rate for:
 High expression of PD-L1 in the TIM and tumor: 20%
 High expression in either TIM or tumor: 76%
 Low expression in the tumor and TIM: 95%

Paulsen et al. (27)

536

I-IIIA

Increased stromal PD-L1 expression in NSCLC is associated with improved survival
5-year DSS rate for:
 High stromal PD-L1 tumors =67% (median DSS: 235 months)
 Low stromal PD-L1 tumors =53% (median DSS: 73 months); P=0.004
5-year survival rate for:
 High stromal PD-L1 tumors =59% (median: 87 months)
 Low stromal PD-L1 tumors =48% (median 44 months); P=0.039

PD-L1, programmed-death ligand 1; PD-1, program death protein 1; NSCLC, non-small-cell lung cancer; DFS, disease-free survival; OS,
overall survival; PD-L1−/OX40−, PD-L1 and OX40 negative; PD-L1+/OX40+, PDL-L1 positive and OX40 positive; PD-L1/OX40+, PD-L1 or
OX40 positive; TIM, tumor-infiltrating macrophages; DSS, disease-specific survival.

protumor effects and constitutively express CTLA-4. Thus
blocking CTLA-4 diminishes tumorigenesis, at least partly
by promoting IL-2 while also blocking protumor effects of
associated T-regs (Figure 2) (38,39). The role of CTLA-4
in LC has been depicted by a number of studies, including
those that have shown that increased tumoral CTLA4 is associated with tumor size, according to the TNM
staging (40) and poorer survival (41). Antczak et al. showed
in their genetic analysis of the expression of CTLA-4 using
RNA from resected NSCLC tissues, that CTLA-4 was
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more greatly expressed in T2 tumors (73%) than T3 and
T4 combined (58%), P=0.007; however, interpretation of
these results should be done with caution, given the small
sample size (n=71), and the fact that the majority of patient
samples were classified as T2 (n=33) (40). Deng et al. carried
out a genetic analysis study on 1,715 patient data extracted
from caArray, TCGA and Gene Expression Omnibus (GEO)
data repositories. When data from the entire cohort was
analyzed, increased CTLA-4 expression trended with worse
OS; specifically, the high-expression group had a 50-month
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(59, 60, 61)

↑ CD3+ (58)
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↑CTLA4
(68, 69, 70)
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↑Foxp3 T-reg
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LC cell apoptosis (44, 46)

↓ non-T-reg T-cells (33, 34)

Cancer stemness
JAK/STAT
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↑CD8 (47)
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suppressor genes
(Lkb-1, kras) (35)
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Figure 2 Summary of the prognostic significance of cell markers and cytokines in the immune microenvironment of lung cancer.
:
protumor associations;
: antitumor associations. ↑: increased presence of cytokine or cell marker; ↓: decreased presence of cytokine or cell
marker. PD-1, programmed-death protein 1; PD-L1, programmed-death ligand 1; NSCLC, non-small cell lung cancer; T-reg, regulatory
T-cell; ADC, adenocarcinoma; SCLC, small cell lung cancer; JAK/STAT, Janus kinase/signal transducer and activator of transcription;
M1, macrophage subset M1; M2, macrophage subset M2; IFN-γ, interferon gamma; VEGF, vascular endothelial growth factor; HLA-II,
human leukocyte antigen class II; CTLA-4, cytotoxic T-lymphocyte antigen-4; IL-12R/β2, interleukin 12 receptor/beta 2 subunit; COX2,
cyclooxygenase 2; PDE2, prostaglandin E-2.
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survival probability of about 58%, compared with the lowexpression group with slightly above 60% (P=0.07, 95%
CI: 0.99–1.34, HR: 1.15); when only data from patients
with sufficient data for multivariate analysis was analyzed
(n=412), this trend became significant (95% CI: 2.34–5.11;
HR: 3.46). Higher expression of CTLA-4 was also seen in
SCC compared with ADC (median expression in SCC and
ADC was 111 and 62, respectively; P<0.01). Furthermore,
a higher expression of CTLA-4 was shown to significantly
correlate with worse OS in ADC but not SCC patients
(ADC: 95% CI: 1.16–2.13, HR: 1.57; SCC: 95% CI:
0.7–1.19; HR: 0.91), and when only stage I LC patient data
was analyzed, those with a higher expression of CTLA-4
were shown to have worse OS compared with those with
lower CTLA-4 expression (95% CI 1.56–2.90; HR: 2.12).
The study further found a significant association between
increased CTLA-4 expression and smoking status, in that
current/previous smokers had a greater median expression
(median expression: 152) than never-smokers (median
expression: 59, P<0.01). Increased expression of CTLA-4
also positively correlated with TNM staging, with higher
stage being associated with higher CTLA-4 expression;
stage I, II, and III patients had median CTLA-4 expression
of 80, 107 and 115, respectively; P<0.01 (41). CTLA-4
blockade has been shown to be beneficial in human cancers
(42,43). Findings in LC have been contradictory to the
premise that CTLA-4 is an immunosuppressive cell marker
that diminishes effector T-cell function. A study by Salvi
et al. on radically resected stage I-III NSCLC using tissue
samples from 81 patients and staining by IHC techniques,
showed that tumors highly expressing CTLA-4 were
associated with a better 5-year survival. Five-year OS rate
for high-expression vs. low-expression tumors was 64.8%
vs. 45.9%, respectively; P=0.078 (44). This study is further
supported by another study that measured the expression
of various immune-related genes in a sample of 178 stage
I-IIIA NSCLC patients. The results of this study showed
that high expression of CTLA-4 was associated with an
improved DFS (81.2 months), compared with low CTLA4 expression (18.2 months, P=0.012). At 60 months, the OS
for the high- and low-expression groups was about 73% and
38%, respectively; P=0.003 (45). Possible explanations that
may be given to justify the positive prognosis that appears
to be associated with high expression of CTLA-4 in the
IME, may include the idea that CTLA-4 may be able to
induce apoptosis of LC cells (44,46). However, the results
of the aforementioned studies make it apparent that there
is no general consensus on the prognostic effects of CTLA-
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4 in the IME of early-stage LC. Further research may be
needed to clarify the prognostic effects of CTLA-4 in LC
(Table 2).
Human leukocyte antigen (HLA) class II
HLA class II [i.e., major histocompatibility complex (MHC)
II], a human antigen found on antigen presenting cells such
as B-cells, macrophages, dendritic cells and Langerhans
cells, are an essential component of the immune system,
involved in presenting exogenous peptide antigens to helper
T-cells, initiating an immune response. Several studies have
shown an increased expression of HLA-II on TCs and TILs,
to be associated with a better prognosis, and a lower disease
stage. Zhang et al. specifically showed a positive correlation
between tumor HLA-DQ expression and DFS in earlystage lung ADC (47). This study carried out 2 separate
analyses using data from stage I-III lung ADC patients from
their institution (n=165), and similar data extracted from
TCGA (n=233). HLA-II was stained for using IHC, and
lymphocyte infiltration was determined by genetic analysis.
The findings included a statistically significant correlation
between high HLA-DQB1 expression and tumor stage, in
which the majority of stage I samples had high HLA-DQB1
expression (85.1%), compared with stage II-IIIA where
14.29% expressed high HLA-DQB1; P=0.019; however,
this correlation was not seen when the TCGA data was
analyzed (P=0.912). Furthermore, HLA-DQB1 was shown
to be an independent prognosticator for DFS in stage I
lung ADC (HR =0.686, 95% CI, 0.542–0.868, P=0.002)
and non-stage I early-stage lung ADC (HR =0.875, 95%
CI, 0.768–0.996, P=0.044). In the institutional cohort, the
recurrence rate in patients expressing high HLA-DQB1 in
TCs was 34%, compared with 68% in patients expressing
low tumoral HLA-DQB1; P<0.001. Furthermore, high
HLA-DQB1 expression was concurrently associated with
high lymphocyte (non-specified) infiltration, as well as high
CD4+ and CD8+ T-cell expression (P<0.0001). A >10%
CD4+ infiltration was seen in 69% of the high HLA-DQB1
group, compared with 43% in the low HLA-DQB1 group;
similarly a >10% CD8+ infiltration was seen in 33% of
the high HLA-DQB1 group, compared with only 8% in
the low HLA-DQB1 group (47). These findings support
the notion that increased expression of HLA-II in the
tumor IME is associated with a robust antitumoral immune
response. The mechanisms underlying such prognostically
favorable effects may be associated with the activation of the
Th1 subset of helper T-cells, which go on to activate CD8+
T-cells to target and destroy TCs (47). He et al. generated
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Table 2 CTLA-4 in the immune microenvironment of stage I lung cancer
Author

Sample size Stages

Conclusion

Antczak et al. (40)

71

I-IIIB

CTLA-4 expression was greater in T2 tumors (73%), than T3 and T4 combined (58%);
P=0.007

Deng et al. (41)

1,715

I-IV

Increased CTLA-4 expression trended with decreased OS in the entire cohort (n=1,715)
50-month survival probability in:
 High-expression group =58%
 Low-expression group =slightly over 60%; (P=0.07, 95% CI: 0.99–1.34, HR: 1.15)
Increased CTLA-4 expression significantly correlated with worse OS in the subgroup of
patients with sufficient data for multivariate analysis (n=412)
 95% CI: 2.34–5.11; HR: 3.46

Usó et al. (45)

178

I-IIIA

High expression of CTLA was associated with improved DFS and OS
60 months DFS rate in:
 High-expression group =58% (median DFS: 81.2 months)
 Low-expression group =20% (median DFS: 18.2 months); P=0.002
60 months OS rate in:
 High-expression group =73%
 Low expression group =38%; P=0.003

DFS, disease-free survival; CTLA-4, cytotoxic T-lymphocyte antigen-4; T2, T3, T4, tumor size according to TNM staging; OS, overall
survival; CI, confidence interval; HR, hazard ratio.

somewhat corroborating results to that presented by Zhang
et al. in their retrospective analysis of 139 NSCLC samples,
and 139 LC cell lines including NSCLC and small-cell lung
cancer (SCLC). HLA-II was more greatly expressed on
TCs of stage I and II (35.5% TCs had positive expression),
compared with stage III and IV tumors (19.6% TCs had
positive expression), albeit insignificantly (P=0.077). There
was also a similar, but significant association with TILS;
46.2% stage I-II tumors had positive HLA-II expression
(HLA-II+) on TILs, compared with 26.1% in stage IIIIV (P=0.023). A positive correlation between HLA-II
expression on TCs and TILs (P=0.023) was also shown in
this study (48). Furthermore, while there was no correlation
with HLA-II expression on TCs and DFS (P=0.642), or
OS (P=0.083), a positive correlation was found between
DFS and OS, and TILs’ expression of HLA-II. DFS in
tumors with HLA-II+ TILs was 2.98 years, compared with
1.05 years in tumors with negative HLA-II (HLA-II−)
expression on TILs; P=0.028. Similarly, OS was 3.23 years
in the HLA-II+ TILs group, vs. 1.39 years in the HLAII− TILs group; P=0.014. A higher HLA-II expression,
specifically on TILs, had a greater correlation with NSCLC

© AME Medical Journal. All rights reserved.

(54.69%) than SCLC (15.3%); P<0.001 (48). This study
might have been limited by its retrospective nature, and the
fact that there did not appear to be a standardized method
for determining MHC-II positivity. The expression of
MHC-II can be induced by interferon gamma (IFN-γ),
which concurrently also has immunosuppressive effects
that might reverse its antitumoral effects in promoting
MHC-II expression (Figure 2) (49). For example, IFN-y
induces the expression of certain enzymes and molecules
that are involved in inhibition of non-T-reg T-cells, while
promoting the activity of T-regs (50,51). This mechanism
of both inducing antitumoral pathways, while also
activating immunosuppressive pathways may be one of the
mechanisms underlying why the immune system on its
own is unable to eliminate cancers. The lack of expression
of MHC-II on SCLC TCs and a lower expression on
TILs in SCLC compared with NSCLC may be one of the
mechanisms underlying tumorigenesis and poorer outcome
in SCLC patients, compared with NSCLC patients.
Another study analyzing data extracted from TCGA by Ma
et al., showed that increased MHC II gene expression was
associated with a more favorable prognosis, specifically, a
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Table 3 HLA II in the immune microenvironment of stage I lung cancer
Author

Sample size

Zhang et al. (47) 165

Stages

Conclusion

I-III

Increased HLA-DQB1 on TCs was associated with a lower recurrence rate
Recurrence rate in:
 High-expression group =34%
 Low-expression group =68%; P<0.001
Increased HLA-DQB1 on TCs was more greatly associated with stage I ADC than
stage II-IIIA
 Expression in stage I ADC =85.1%
 Expression in stage II-IIIA ADC =14.29%; P=0.019

He et al. (48)

139

I-IV

Positive HLA-II expression in TCs was more greatly associated with stage I and stage II,
vs. stage III and IV tumors (P=0.077)
Positive HLA-II expression in TILs was more greatly associated with stage I and II tumors,
vs. stage III and IV tumors (P=0.023)
Positive HLA-II expression on TILs was associated with longer DFS and OS
 DFS in HLA-II+ vs. HLA-II− TILs was 2.98 years and 1.05 years, respectively; P=0.028
 OS in HLA-II+ vs. HLA-II− TILs was 3.23 years, vs. 1.39 years, respectively; P=0.014

Ma et al. (52)

NA (data retrieved
from TCGA)

NA

MHC II gene expression was associated with a greater probability of survival.
At 125 months, approximate survival probabilities for:
 Group with upregulated MHC II gene expression =100%
 Group with downregulated MHC II gene expression =75%; P<0.0001

ADC, adenocarcinoma; HLA, human leukocyte antigen; TC; tumor cell; TIL, tumor-infiltrating lymphocyte; DFS, disease-free survival; OS,
overall survival; NA, not applicable or data not available.

greater probability of survival (P<0.0001). At 125 months,
survival probability was approximately 75% in the group in
which MHC-II genes were downregulated, compared with
100% in the group in which MHC-II was upregulated (52).
In summary, it appears that increased MHC-II expression
in the IME may be a positive prognosticator for recurrence
and survival. Therefore, MHC II may not only serve as a
prognostic marker, but also a potential point for therapeutic
exploration. Further research into pure inducers of MHCII in the tumor microenvironment might be one such
therapeutic point for exploration (Table 3).
Cytokines
This section will focus on the findings relating to the
functions and prognostic value of various cytokines in the
IME of stage I and early-stage LC. Cytokines that will be
discussed include: IFN-γ, interleukin 10 (IL-10), interleukin
12 (IL-12), interleukin 37 (IL-37) and CCL20.

© AME Medical Journal. All rights reserved.

IFN-γ
IFN-γ is a cytokine that promotes inflammation and
is elaborated by immune cells including macrophages,
T-cells and NK cells. IFN-γ signaling pathway is involved
in modulating the responses of the innate and adaptive
immune systems to infections (viral and bacterial),
inflammation and apoptosis (53). It has been established
that IFN-γ is essential not only for response to infections,
but also for eliminating cancer. Murine studies by
Ligocki et al. have shown that IFN-γ knockout (KO) mice
experienced progressive growth of introduced intraocular
tumors (54). Due to the proinflammatory nature of IFN-γ,
it can reasonably be assumed that a high expression of
IFN-γ in the tumor environment may be associated with a
robust antitumoral inflammation and death, with resultant
positive prognosis; this assumption is supported by studies
that depict the importance of IFN-γ in tumor rejection
(55,56). However, other studies have resulted in results
contradicting this basic understanding of the functions
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of IFN-γ. A study performed by Zhang et al. on LC cell
lines in which cytokine expression was analyzed by flow
cytometry, showed that IFN-γ elaborated by tumorassociated macrophages (TAMs) appears to play a protumor
role in the IME of LC. This study specifically showed
that IFN-γ acts via the Janus kinase/signal transducer and
activator of transcription 3 (JAK/STAT3) signaling pathway
to induce the expression of PD-L1, whose protumor roles
in NSCLC have been previously discussed in this article.
TAMs (at least partially through IFN-γ) were shown to
increase the PD-L1 expression in LC cells from a baseline
expression of 7.8% to 37.3% (P<0.0001), as well as
promote invasiveness as ascertained by an invasion index
(P<0.001) (57). A different study by Gao et al., who used
50 resected treatment-naïve locally advanced (IIIA) lung
ADC tissues showed contradicting results. This study
showed that increased IFN-γ expression is associated
with increased CD3+ T-cells within the tumor bed (n=26,
P=0.039); however, the specific subset of T-cells elaborated
was not specified (58). Nonetheless, this finding supports
the notion that IFN-γ plays an antitumoral role in the
IME, given that various other studies have shown that
increased total T-cell infiltration in the IME is associated
with favorable prognosis including reduced recurrence
(59-61) and improved DFS (60). Gao et al. also showed a
positive correlation between IFN-γ and PD-L1 expression
(n=17, P=0.005), which corroborates the aforementioned
study by Zhang et al., in which IFN-γ was shown to increase
PD-L1 in LC cells. However, this study further showed
that IFN-γ expression was associated with an increased
DFS, albeit insignificantly, which contradicts the study
by Zhang et al., in which IFN-γ was shown to promote
tumor invasiveness (57). Specifically, the study by Gao et
al. showed the median DFS is IFN-γ positive patients to be
22.28 months (95% CI: 12.42–32.13 months), compared
with the IFN-γ negative group with a median DFS of 12.78
months (95% CI: 10.37–15.19; P=0.125) (58). Although the
proinflammatory functions of IFN- γ are well established,
these contradictory results put into question whether it truly
is antitumoral. Studies have shown that IFN-γ pathways
are inactivated in cancers, including lung ADC cell
lines (62), which supports the notion that the presence
of active IFN-γ in the IME may play an antitumoral
role. A murine study by Ren et al. showed that IFN-γ
administration to LC murine models significantly reduced
tumor weight by 26% compared to the control group,
which was administered saline (P<0.01). Tumor weight
was also decreased by the cycloxygenase-2-specific
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non-steroidal anti-inflammatory drug, celecoxib (31%
decrease, P<0.01), and even more so when both IFN-γ and
celecoxib were combined (34% decrease in tumor weight,
P<0.01) (63). Further findings of this study support
that IFN-γ likely plays an antitumoral role in the IME.
Specifically, IFN-γ alone, and also in combination with
celecoxib, increased M1 macrophage population by 116%
(P<0.01), and also decreased M2 macrophage population by
48% (IFN-γ alone) and 52% (IFN-γ in combination with
celecoxib), compared with the control group (P<0.01) (63).
These findings support an antitumoral response, since M1
macrophages have been suggested to be associated with
antitumoral response (64) while M2 macrophages have been
shown to be protumor (64), and also to be involved in the
promotion of metastasis in early-stage (I-IIIA) LC (65). Not
only does this macrophage association with IFN-γ possibly
explain an antitumor response, the finding that IFN-γ
decreases VEGF and microvessel proliferation also supports
this notion, as this suggests that IFN-γ may be associated
with starving TCs of nutrients, promoting TC death (63).
Given the contradictory results from various studies, the
prognostic value of IFN-γ in the IME of early-stage LC
remains uncertain, and further prospective studies using
human LC tissues are still required (Table 4).
IL-10
Huang et al. performed a study on human lung ADC cell
lines, which attempted to expound on the elaboration of
various cytokines by LC cells. This study showed that IL1β increased prostaglandin E2 (PGE2) by TCs in a dosedependent manner via a cycloxygenase-2 (COX-2)-based
mechanism, which then stimulates IL-10 expression by
macrophages and lymphocytes (66). A study by Vahl et al.
performed using IHC on formalin fixed, paraffin embedded
tissue samples, polymerase chain reaction (PCR) and
flow cytometry, showed that the presence of IL-10 in the
region around the tumor (as opposed to within the tumor
itself), positively correlated with increased tumor size
in stage I-IIIA NSCLC samples; correlation coefficient
(r)=0.6, P<0.05. The study further concluded that this IL10 was elaborated by non-T-lymphocyte cells, including
macrophages and other leukocytes. Furthermore, IL-10receptor (IL-10R) within the tumor positively correlated
with tumor size in ADC (r=0.71, P<0.01), and there was
similarly an increased number of Fox-p3+ T-regs expressing
IL-10R in the tumor, compared with the surrounding
non-tumoral regions (67). These findings support the
notion that IL-10 promotes tumorigenesis, and one of
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Table 4 IFN-γ in the immune microenvironment of stage I lung cancer
Author

Sample size

Stages

Conclusion

Zhang et al. (57)

NA (LC cell
lines)

NA

 TAMs (at least partially by elaborating IFN-γ) were shown to increase the PD-L1
expression in LC cells from a baseline expression of 7.8% to 37.3% (P<0.0001)
 TAMs (at least partially by elaborating IFN-γ) promote invasiveness as ascertained
by an invasive index (P<0.001)

Gao et al. (58)

Ren et al. (63)

50

NA (murine
study)

Locally
advanced (IIIA)

 Increased IFN-γ is associated with increased CD3+ T-cell (n=26, P=0.039)

NA

 IFN-γ administration to murine LC models led to a decrease in tumor weight by

 Increased IFN-γ is associated with increased PD-L1 (n=17, P=0.005)
26% when administered alone, compared with control group (saline administered)
(P<0.01)
 IFN-γ administration increased M1 macrophages by 116% compared with control
(P<0.01)
 IFN-γ administration decreased M2 macrophages by 48% compared with control
(P<0.01)

IFN-γ, interferon gamma; TAM, tumor-associated macrophages; PD-L1, programmed-death ligand 1; LC, lung cancer; NA, not applicable
or data not available.

the mechanisms by which this may be accomplished is by
stimulating T-regs, which have been shown to promote
tumor growth and survival, with subsequent negative
prognosis in NSCLC (68-70). Another study applying
PCR in 102 NSCLC samples corroborated the findings
of Vahl et al., in that this study showed that IL-10 was
elaborated by TAMs. This study further showed a positive
correlation between IL-10R and JAK1 signaling, indicating
that IL-10 maybe be associated with growth promotion in
NSCLC. Specifically, the findings of the study provided a
conclusion that IL-10 mediates stem-cell-like properties in
cancer (i.e. cancer stemness) via the JAK/STAT signaling
pathway (71). These findings were further supported by
the same study which showed that both IL-10 and IL10R mRNA were more significantly expressed in stage
III tumors than in stage I and II tumors (P<0.05). The
expression values of IL-10 in stage I, II and III were
approximately 5, 10 and 15, respectively; similarly, values
for relative expression of IL-10R were approximately 2, 4
and 6, respectively. Furthermore, high expression of both
IL-10 and IL-10R was associated with worse prognosis in
patients, specifically a worse DFS. Survival curves showed
a distinctly greater DFS in the group with low IL-10
expression compared with the high-expression groups. At 15
months, DFS for the low-and high-expression groups was
approximately 80% and 40%, respectively (P<0.001) (71).
In contrast to these aforementioned studies, Usó et al.

© AME Medical Journal. All rights reserved.

showed in their study of gene expression of immune-related
genes in 178 stage I-IIIA resected NSCLC samples that
increased levels of IL-10 was associated with improved
DFS and improved OS. DFS was 49.3 months in highexpression group, versus 18.8 months in the low-expression
group; P=0.029; similarly, OS was 81.2 months in the highexpression group, compared with 37 months in the lowexpression group; P=0.03 (45). These results differ from
the finding by Yan et al., in which there was no correlation
between IL-10 expression and either DFS (P=0.575), or OS
(P=0.644) (72). Another study by Wang et al. corroborate
the earlier mentioned studies, in that the findings of this
study support the notion that IL-10 is a protumor cytokine
that promotes tumorigenesis and invasiveness. In this study,
TAMs isolated from 63 NSCLC samples were analyzed
for expression of IL-10 by IHC and real-time PCR (RTPCR). Increased IL-10 expression by TAMs was shown
to be associated with late-stage disease (II-IV), compared
with early-stage disease (stage I); P=0.016. Furthermore,
increased IL-10 was also associated with invasive parameters
including lymph node metastasis (P<0.001), pleural invasion
(P=0.002), and poorly differentiated (compared with wellor moderately differentiated) tumors (P=0.001). Based
on the findings of these studies, it appears that IL-10 via
various mechanisms probably supports tumor growth and
invasion in NSCLC (73) (Table 5).
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Table 5 IL-10 in the immune microenvironment of stage I lung cancer
Author

Sample size

Stages

Vahl et al. (67)

48

I-IIIA

Conclusion
 IL-10 expression in the peritumoral region correlated positively with increased tumor
size (r=0.6, P<0.05)
 IL-10R within ADC tumors correlated positively with tumor size (r=0.71, P<0.01)

Yang et al. (71)

102

I-IV

 IL-10 promotes JAK/STAT signaling
 IL-10 and IL-10R correlated with tumor stage—they were more greatly expressed in
stage III than stage I and II tumors (P<0.05)
 The expression values of IL-10 in stage I, II and III tumors were approximately 5, 10
and 15, respectively. Values for relative expression of IL-10R in stages I, II and III were
approximately, 2, 4 and 6, respectively
 IL-10 and IL-10R were associated with worse DFS: 15 months DFS was 80% and 40%
in the low- and high-expression groups, respectively (P<0.001)

Usó et al. (45)

178

I-IIIA

Increased levels of IL-10 were shown to be associated with improved DFS and OS
DFS in:
 High-expression group =49.3 months
 Low-expression group =18.8 months; P=0.029
OS in:
 High-expression group =81.2 months
 Low-expression group =37 months; P=0.03

Yan et al. (72)

107

Wang et al. (73) 63

I-IV

No correlation between IL-10 expression and either DFS (P=0.575), or OS (P=0.644)

I-IV

Increased expression of IL-10 by TAMs was associated with:
 Late-stage disease (II-IV), compared with early stage disease (stage I) (P=0.016)
 Lymph node metastasis (P<0.001)
 Pleural invasion (P=0.002)
 Poorly differentiated (compared with well- or moderately differentiated) tumors (P=0.001)

IL-10, interleukin-10; IL-10R, interleukin-10 receptor; r, correlation coefficient; ADC, adenocarcinoma; JAK/STAT, Janus kinase/signal
transducer and activator of transcription; DFS, disease-free survival; OS, overall survival; TAM; tumor-associated macrophages.

IL-12
IL-12 is a proinflammatory cytokine released by antigen
presenting cells such as dendritic cells and phagocytes, and
it causes the differentiation of T-helper cells into the Th1
subset, with subsequent release of IFN-γ that results in a
cell-mediated immune response (74) The IL-12 receptor
is composed of two beta subunits: β1 and β2; both of
these subunits are needed for high-affinity binding of the
cytokine (75). Murine studies have shown that IL-12receptor β2 subunit (IL12R/β2) KO mice were more
susceptible to developing tumors (76), and administration of
IL-12 reduced recurrence of melanoma tumors in murine
models (77). These findings suggest that the loss of IL-

© AME Medical Journal. All rights reserved.

12R/β2 may be a factor associated with tumorigenesis. This
notion is supported by another study that showed that while
normal peritumoral lung tissue expressed IL-12R/β2, only
41% of lung ADCs expressed the receptor subunit (78).
This study analyzed tissue samples from 70 resected lung
ADCs using IHC. Another finding of the same study was
that IL-12R/β2 expression was greater in stage I lung ADC
than in stage II-III combined (P=0.012), further supporting
the notion that abrogation of IL-12R/β2 plays an important
role in tumorigenesis and possibly even invasiveness. Other
laboratory studies have depicted the antitumorigenic effects
of IL-12, such as that by Airoldi et al., in which KO mice
were inoculated with IL-12R/β2-positive (IL-12R/β2+)
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Table 6 IL-12 in the immune microenvironment of stage I lung cancer
Author

Sample size

Stages

Conclusion

Airoldi et al. (79)

70

I-IIIA

IL-12R/β2 is less expressed in lung ADCs (41%), compared with normal peritumoral lung tissue,
in which it is always expressed
IL-12R/β2 was more greatly expressed in stage I ADC than in stage II and III combined (P=0.012)

Suzuki et al. (80)

956

I

High expression of IL-12R/β2 is associated with a greater recurrence-free probability
Recurrence-free probability in:
 High-expression group =90%
 Low-expression group =80%; P=0.026

Yan et al. (72)

107

I-IV

 An insignificant positive correlation between high expression of IL-12R and DFS was found
 HR: 1.285; 95% CI: 1.160–1.966; P=0.206

IL-12, interleukin-12; IL-12R/β2, interleukin-12 receptor/beta-2 subunit; ADC, adenocarcinoma; DFS, disease-free survive; HR, hazard
ratio; CI, confidence interval.

melanoma cells, and then subsequently administered IL12, or a placebo. The IL-12-administered group showed
a significant reduction in tumor size, compared with
the group administered the placebo (P=0.0286) (79). A
retrospective analysis using tissue microarray and IHC on
956 stage I lung ADCs, showed that a high expression of
IL-12R/β2 was associated with better prognosis; this was
noted as a reduced risk of recurrence (5-year recurrencefree probability was 90% in the high-expression group,
compared with 80% in the low-expression group;
P=0.026) (80). Improved DFS was depicted by Yan et al. in
their IHC study of 107 resected stage I-IV NSCLC tissues,
although this was an insignificant finding. High expression
of IL-12R was associated with a longer DFS (HR: 1.285;
95% CI: 1.160–1.966; P=0.206) (72). These results suggest
that IL-12R/β2 could possibly be exploited as a therapeutic
target in LC (Table 6).
Interleukin-37 (IL-37)
IL-37 is a cytokine that belongs to the interleukin-1 (IL-1)
family, which has been shown to have immunosuppressive
and anti-inflammatory functions (81-83). One study on 182
stage I-III NSCLC patients, performed by IHC, RT-PCR
and western blotting, to detect IL-37 protein and mRNA
in tissues samples, showed that IL-37 protein and also
mRNA were more significantly expressed in normal lung
tissue (58.2%) than in NSCLC (41.8%) tissues; P<0.01.
This lower intratumoral expression was also associated
with shorter OS in tumors with low IL-37 expression,
compared with NSCLC tissues with higher expression of
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IL-37 protein and mRNA (P<0.001). Furthermore, IL37 was more highly expressed in early-stage (I-II) tumors
than stage III tumors (P=0.000) (84). Based on these
results, it is reasonable to assume that IL-37 expression
appears to be protective against carcinogenesis and tumor
progression in LC. This is further corroborated by
experimental data showing that IL-37 suppresses tumor
growth in mice models (85). There have been a number of
postulated mechanisms by which IL-37 is able to potentially
inhibit tumorigenesis, including recruitment of NK
cells (86), inhibition of growth-promoting pathway (87),
and also possibly downregulating VEGF to diminish tumor
vascularization (84).
CCL20
CCL20 is a chemokine that is chemoattractive for
lymphocytes, and acts on its receptor, CCR6 (88). LC
appears to stimulate increased expression of CCL20 (89).
Mony et al. performed a study using microarray datasets
extracted from GEO (n=239), which showed that increased
expression of CCL20 was associated with a lower recurrence
risk in early-stage LC (P=0.0012) (68). A relatively small
study by Kirshberg et al. (90) on the expression of CCR6/
CCL20 in NSCLC and the possible relationship to
prognosis showed that NSCLC samples highly expressed
CCL20, compared with adjacent normal lung tissue, similar
to the findings by Zhang et al. (89). Zhang et al. performed
a study using samples from 162 patients with stage I and
II lung ADC; CCL20 was stained for by IHC, and RNA
was also extracted from tissue samples to assess CCL20
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expression. As previously mentioned, the study found littleto-no CCL20 expression in lung tissue adjacent to the
cancer, while cancer tissues appeared to express CCL20.
Furthermore, the findings in terms of the relationship
between CCL20 expression and recurrence contradicts
the findings by Mony et al, in that samples taken from
patients who experienced recurrence expressed higher
levels of CCL20 (>50% of cells stained for CCL20 in 76%
of patient samples), compared with the non-recurrence
group, in which high-expression was only 8%; P<0.001.
Similarly, mRNA levels for CCL20 were also more greatly
expressed in the recurrence, vs. the non-recurrence group
(P<0.001) (89). In the study by Kirshberg et al., the majority
of tumor samples highly expressed (>50%) CCL20 (78%),
while only a minority of tumor samples highly expressed
(>50%) CCR6 (16.5%). Normal lung tissue stained
negatively for CCL20 compared with lung ADC tissues
which stained positively. This study showed a significant
negative correlation between high CCR6 expression and
shorter DFS (P=0.0076; 95% CI: 1.52–15.563); they
concluded that high expression of CCR6 was associated
with a 4.87-fold increased risk of recurrent disease and was
independently associated with a shorter DFS. The study
was performed on 49 stage I-III lung ADC tissue samples;
CCL20/CCR6 was stained for by IHC. Further analysis
using NSCLC cell lines showed that stimulation of the
CCL20/CCR6 pathway lead to NSCLC proliferation
(90). Although the sample size in this study was small,
further studies have supported their findings that CCR6/
CCL20 expression is associated with carcinogenesis and
proliferation in LC (89,91). These findings suggest a
possible therapeutic target for LC, and there are a number
of studies based on this concept (92,93).
Conclusions
In summary, OX40 expression appears to be a poor
prognosticator for OS and DFS, despite other studies
on other human cancers finding this cell marker to be
associated with improved survival and non-recurrence
advantages. More studies may be warranted to assess the
relevance of OX40 expression in the IME of NSCLC. The
studies reviewed with regard to the relevance of PD-L1
in the IME of early-stage LC contradicted one another in
their findings. While most studies on NSCLC seemed to
indicate that PD-L1 expression is associated with worse
DFS, OS and disease stage, the largest study with over
500 samples analyzed, indicated that PD-L1 expression
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in NSCLC was associated with improved survival, albeit,
this finding appeared to only be statistically significant for
SCC and not ADC. The studies on CTLA-4 reviewed in
this paper similarly gave contradictory results, in which
CTLA-4 was associated with increased survival in one study
and decreased survival in another. Based on the function
of CTLA-4 as a down-regulator of T-cell activation, it
may be logical to conclude that high expression would be
a negative prognostic factor; however, further research
is still required to reach a conclusion on the effects of
CTLA-4 in LC. HLA-II expression in TCs, and more so
in TILs, has been shown to be associated with prolonged
DFS and OS by a number of studies, which is in line with
the known functions of HLA-II on APCs, in presenting
antigens to helper T-cells. It appears that high HLA-II
expression helps to mediate an antitumor response that is
prognostically favorable in LC. Although IFN-γ has been
shown to be a pro-inflammatory cytokine involved in tumor
rejection, findings relating to LC are inconsistent. While
one study showed that IFN-γ had a protumor role in the
IME of LC via stimulating growth pathways such as the
JAK/STAT pathway, another study showed that IFN-γ
promoted an increase in total T-cell (CD3+), supporting
the notion that increased T-cell infiltration of tumors
is associated with an antitumoral response. Another LC
study using murine models showed that IFN-γ decreased
tumor mass, possibly by elaborating M1 macrophages and
decreasing M2 macrophages and VEGF. Further studies
focused on human LC tissue samples may be warranted
to determine with certainty, the prognostic significance of
IFN-γ in the IME of LC. Findings of various studies have
indicated that the loss of function of IL-12 in the tumor
IME may be associated with tumorigenesis and progression
of tumors, while the presence of IL-12 is associated with
the opposite, specifically favorable non-recurrence. IL-37
expression has been shown to be associated with improved
OS and early-stage disease, as opposed to late-stage disease,
which may be mediated by mechanisms such as inhibiting
growth pathways, downregulation of VEGF leading to
negative regulation of angiogenesis, and also by NK cell
recruitment. Finally, CCL20 stimulation in the tumor IME
appears to be prognostically unfavorable in LC. While one
study showed increased expression to be associated with
lower recurrence, another study supported by other studies
showed consistently that increased CCL20 expression was
associated with higher recurrence. The knowledge of the
roles of cytokines and cell surface markers in the IME of
LC, provides opportunities for the conception of prognostic
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scores that could potentially be used in the future to stratify
patients based on risk and into groups that may benefit
most from neoadjuvant and/or adjuvant therapy. Better
characterization of the true IME including the tumor, and
the tumoral and peritumoral stroma, is currently most
suitably achieved through analysis of resected specimen.
Further research is still needed to clarify the roles of some
cytokines and cell markers in the IME and their clinical
usefulness as prognosticators.
Acknowledgments
Funding: None.
Footnote
Provenance and Peer Review: This article was commissioned
by the Guest Editor (Kei Suzuki) for the series “Immune
Response in Lung Cancer” published in AME Medical
Journal. The article has undergone external peer review.
Reporting Checklist: The author has completed the
NARRATIVE REVIEW reporting checklist. Available at
http://dx.doi.org/10.21037/amj-20-144
Peer Review File: Available at http://dx.doi.org/10.21037/
amj-20-144
Conflicts of Interest: The author has completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/amj-20-144). The series “Immune Response
in Lung Cancer” was commissioned by the editorial office
without any funding or sponsorship. The author has no
other conflicts of interest to declare.
Ethical Statement: The author is accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.
Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the noncommercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).

© AME Medical Journal. All rights reserved.

Page 15 of 19

See: https://creativecommons.org/licenses/by-nc-nd/4.0/.
References
1.

Qui HZ, Hagymasi AT, Bandyopadhyay S, et al. CD134
Plus CD137 Dual costimulation induces eomesodermin in
CD4 T Cells to program cytotoxic Th1 differentiation. J
Immunol 2011;187:3555-64.
2. Zhang Z, Zhong W, Hinrichs D, et al. Activation of OX40
augments Th17 cytokine expression and antigen-specific
uveitis. Am J Pathol 2010;177:2912-20.
3. Duan W, So T, Croft M. Antagonism of airway tolerance
by endotoxin/lipopolysaccharide through promoting
OX40L and suppressing antigen-specific Foxp3+ T
regulatory cells. J Immunol 2008;181:8650-9.
4. Piconese S, Valzasina B, Colombo MP. OX40 triggering
blocks suppression by regulatory T cells and facilitates
tumor rejection. J Exp Med 2008;205:825-39.
5. Clinicaltrials.gov. TLR9 Agonist SD-101, Anti-OX40
Antibody BMS 986178, And Radiation Therapy In
Treating Patients With Low-Grade B-Cell Non-Hodgkin
Lymphomas [Internet]. Clinicaltrials.gov 2020 [cited 2020
Mar 9]. Available online: https://clinicaltrials.gov/ct2/
show/NCT03410901
6. Clinicaltrials.gov. Axitinib With Or Without AntiOX40 Antibody PF-04518600 In Treating Patients With
Metastatic Kidney Cancer [Internet]. Clinicaltrials.
gov 2020 [cited 2020 Mar 9]. Available online: https://
clinicaltrials.gov/ct2/show/NCT03092856
7. Weinberg AD, Rivera MM, Prell R, et al. Engagement of
the OX-40 receptor in vivo enhances antitumor immunity.
J Immunol 2000;164:2160-9.
8. Yokouchi H, Yamazaki K, Chamoto K, et al. Anti-OX40
monoclonal antibody therapy in combination with
radiotherapy results in therapeutic antitumor immunity to
murine lung cancer. Cancer Sci 2008;99:361-7.
9. Massarelli E, Lam VK, Parra ER, et al. High OX-40
expression in the tumor immune infiltrate is a favorable
prognostic factor of overall survival in non-small cell lung
cancer. J Immunother Cancer 2019;7:351.
10. He Y, Zhang X, Jia K, et al. OX40 and OX40L protein
expression of tumor infiltrating lymphocytes in nonsmall cell lung cancer and its role in clinical outcome and
relationships with other immune biomarkers. Transl Lung
Cancer Res 2019;8:352-66.
11. Petty JK, He K, Corless CL, et al. Survival in human
colorectal cancer correlates with expression of the T-cell
costimulatory molecule OX-40 (CD134). Am J Surg

AME Med J 2020 | http://dx.doi.org/10.21037/amj-20-144

Page 16 of 19

2002;183:512-8.
12. Ladányi A, Somlai B, Gilde K, et al. T-cell activation
marker expression on tumor-infiltrating lymphocytes as
prognostic factor in cutaneous malignant melanoma. Clin
Cancer Res 2004;10:521-30.
13. Kaira K, Shimizu K, Kitahara S, et al 2-Deoxy-2[fluorine-18] fluoro-D-glucose uptake on positron
emission tomography is associated with programmed
death ligand-1 expression in patients with pulmonary
adenocarcinoma. Eur J Cancer 2018;101:181-90.
14. Bonanno L, Pavan A, Dieci MV, et al. The role of immune
microenvironment in small-cell lung cancer: Distribution
of PD-L1 expression and prognostic role of FOXP3positive tumour infiltrating lymphocytes. Eur J Cancer
2018;101:191-200.
15. Francisco LM, Sage PT, Sharpe AH. The PD-1
pathway in tolerance and autoimmunity. Immunol Rev
2010;236:219-42.
16. Martin-Orozco N, Wang YH, Yagita H, et al. Cutting
edge: programed death (PD) ligand-1/PD-1 interaction is
required for CD8 + T cell tolerance to tissue antigens. J
Immunol 2006;177:8291-5.
17. Wang J, Jia Y, Zhao S, et al. BIN1 reverses PD-L1mediated immune escape by inactivating the c-MYC and
EGFR/MAPK signaling pathways in non-small cell lung
cancer. Oncogene 2017;36:6235-43.
18. Hargadon KM, Johnson CE, Williams CJ. Immune
checkpoint blockade therapy for cancer: An overview
of FDA-approved immune checkpoint inhibitors. Int
Immunopharmacol 2018;62:29-39.
19. Fan Y, Mao W. Immune checkpoint inhibitors in lung
cancer: Current status and future directions. Chin Clin
Oncol 2017;6:17.
20. Chen YM. Immune checkpoint inhibitors for nonsmall cell
lung cancer treatment. J Chin Med Assoc 2017;80:7-14.
21. Lopci E, Toschi L, Grizzi F, et al. Correlation of metabolic
information on FDG-PET with tissue expression of
immune markers in patients with non-small cell lung
cancer (NSCLC) who are candidates for upfront surgery.
Eur J Nucl Med Mol Imaging 2016;43:1954-61.
22. Sepesi B, Cuentas EP, Canales JR, et al. Programmed
death cell ligand 1 (PD-L1) is associated with survival
in stage I non-small cell lung cancer. Semin Thorac
Cardiovasc Surg 2017;29:408-15.
23. Sepesi B, Nelson DB, Mitchell KG, et al. Prognostic value
of PD-L1 mRNA sequencing expression profile in nonsmall cell lung cancer. Ann Thorac Surg 2018;105:1621-6.
24. Rashed HE, Abdelrahman AE, Abdelgawad M, et al.

© AME Medical Journal. All rights reserved.

AME Medical Journal, 2020

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

Prognostic significance of programmed cell death ligand 1
(PD-L1), CD8+ tumor-infiltrating lymphocytes and p53
in non-small cell lung Cancer: An immunohistochemical
study. Turk Patoloji Derg 2017;1:211-22.
Wang A, Wang HY, Liu Y, et al. The prognostic value of
PD-L1 expression for non-small cell lung cancer patients:
A meta-analysis. Eur J Surg Oncol 2015;41:450-6.
Zhou ZJ, Zhan P, Song Y. PD-L1 over-expression and
survival in patients with non-small cell lung cancer: A
meta-analysis. Transl Lung Cancer Res 2015;4:203-8.
Paulsen EE, Kilvaer TK, Khanehkenari MR, et al.
Assessing PDL-1 and PD-1 in non-small cell lung cancer:
a novel immunoscore approach. Clin Lung Cancer
2017;18:220-233.e8.
Teng MWL, Ngiow SF, Ribas A, et al. Classifying cancers
basedon T-cell infiltration and PD-L1. Cancer Res
2015;75:2139-45.
Garon EB, Gandhi L, Rizvi N, et al. Antitumor activity of
pembrolizumab (Pembro; Mk-3475) and correlation with
programmed death ligand 1 (Pd-L1) expression in a pooled
analysis of patients (Pts) with advanced non-small cell
Lung carcinoma (NSCLC). Ann Oncol 2014;25:LBA43.
Walunas TL, Lenschow DJ, Bakker CY, et al. CTLA-4
can function as a negative regulator of T cell activation.
Immunity 1994;1:405-13.
Lindsten T, Lee KP, Harris ES, et al. Characterization
of CTLA-4 structure and expression on human T cells. J
Immunol 1993;151:3489-99.
Birebent B, Lorho R, Lechartier H, et al. Suppressive
properties of human CD4+CD25+ regulatory T cells
are dependent on CTLA-4 expression. Eur J Immunol
2004;34:3485-96.
Thompson CB, Allison JP. The emerging role of CTLA-4
as an immune attenuator. Immunity 1997;7:445-50.
Perez VL, Van Parijs L, Biuckians A, et al. Induction
of peripheral T cell tolerance in vivo requires CTLA-4
engagement. Immunity 1997;6:411-7.
Koyama S, Akbay EA, Li YY, et al. STK11/LKB1
deficiency promotes neutrophil recruitment and
proinflammatory cytokine production to suppress T cell
activity in the lung tumor microenvironment. Cancer Res
2016;76:999-1008.
Phan GQ, Yang JC, Sherry RM, et al. Cancer regression
and autoimmunity induced by cytotoxic T lymphocyteassociated antigen 4 blockade in patients with metastatic
melanoma. Proc Natl Acad Sci U S A 2003;100:8372-7.
Hurwitz AA, Foster BA, Kwon ED, et al. Combination
immunotherapy of primary prostate cancer in a transgenic

AME Med J 2020 | http://dx.doi.org/10.21037/amj-20-144

AME Medical Journal, 2020

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

mouse model using CTLA-4 blockade. Cancer Res
2000;60:2444-8.
van Elsas A, Hurwitz AA, Allison JP. Combination
immunotherapy of B16 melanoma using anti-cytotoxic
T lymphocyte-associated antigen 4 (CTLA-4) and
granulocyte/macrophage colony-stimulating factor (GMCSF)-producing vaccines induces rejection of subcutaneous
and metastatic tumors accompanied by autoimmune
depigmentation. J Exp Med 1999;190:355-66.
Maker AV, Phan GQ, Attia P, et al. Tumor regression
and autoimmunity in patients treated with cytotoxic T
lymphocyte-associated antigen 4 blockade and interleukin
2: a phase I/II study. Ann Surg Oncol 2005;12:1005-16.
Antczak A, Pastuszak-Lewandoska D, Górski P, et al.
CTLA-4 expression and polymorphisms in lung tissue
of patients with diagnosed non-small-cell lung cancer.
Biomed Res Int 2013;2013:576486.
Deng L, Gyorffy B, Na F, et al. Association of PDCD1
and CTLA-4 gene expression with clinicopathological
factors and survival in non-small-cell lung cancer: Results
from a large and pooled microarray database. J Thorac
Oncol 2015;10:1020-6.
Hodi FS, O’Day SJ, McDermott DF, et al. Improved
survival with ipilimumab in patients with metastatic
melanoma. N Engl J Med 2010;363:711-23.
Tarhini A, Lo E, Minor DR. Releasing the brake on the
immune system: Ipilimumab in melanoma and other
tumors. Cancer Biother Radiopharm 2010;25:601-13.
Salvi S, Fontana V, Boccardo S, et al. Evaluation of CTLA4 expression and relevance as a novel prognostic factor in
patients with non-small cell lung cancer. Cancer Immunol
Immunother 2012;61:1463-72.
Usó M, Jantus-Lewintre E, Calabuig-Fariñas S, et al.
Analysis of the prognostic role of an immune checkpoint
score in resected non-small cell lung cancer patients.
Oncoimmunology 2016;6:e1260214.
Contardi E, Palmisano GL, Tazzari PL, et al. CTLA4 is constitutively expressed on tumor cells and can
trigger apoptosis upon ligand interaction. Int J Cancer
2005;117:538-50.
Zhang L, Li M, Deng B, et al. HLA-DQB1 expression
on tumor cells is a novel favorable prognostic factor for
relapse in early-stage lung adenocarcinoma. Cancer Manag
Res 2019;11:2605-16.
He Y, Rozeboom L, Rivard CJ, et al. MHC class II
expression in lung cancer. Lung Cancer 2017;112:75-80.
Thibodeau J, Bourgeois-Daigneault MC, Lapointe
R. Targeting the MHC Class II antigen presentation

© AME Medical Journal. All rights reserved.

Page 17 of 19

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

pathway in cancer immunotherapy. Oncoimmunology
2012;1:908-16.
Munn DH, Sharma MD, Baban B, et al. GCN2 kinase in
T cells mediates proliferative arrest and anergy induction
in response to indoleamine 2,3-dioxygenase. Immunity
2005;22:633-42.
Godin-Ethier J, Hanafi LA, Piccirillo CA, et al.
Indoleamine 2,3-dioxygenase expression in human cancers:
clinical and immunologic perspectives. Clin Cancer Res
2011;17:6985-91.
Ma KY, Schonnesen AA, Brock A, et al. Single-cell RNA
sequencing of lung adenocarcinoma reveals heterogeneity
of immune response-related genes. JCI Insight
2019;4:e121387.
Schroder K, Hertzog PJ, Ravasi T, et al. Interferon-γ: an
overview of signals, mechanisms and functions. J Leukoc
Biol 2004;75:163-89.
Ligocki AJ, Brown JR, Niederkorn JY. Role of interferon-γ
and cytotoxic T lymphocytes in intraocular tumor
rejection. J Leukoc Biol 2016;99:735-47.
Dighe AS, Richards E, Old LJ, et al. Enhanced in
vivo growth and resistance to rejection of tumor cells
expressing dominant negative IFNγ receptors. Immunity
1994;1:447-56.
Street SEA, Cretney E, Smyth MJ. Perforin and
interferon-γ activities independently control tumor
initiation, growth, and metastasis. Blood 2001;97:192-7.
Zhang X, Zeng Y, Qu Q, et al. PD-L1 induced by IFN-γ
from tumor-associated macrophages via the JAK/STAT3
and PI3K/AKT signaling pathways promoted progression
of lung cancer. Int J Clin Oncol 2017;22:1026-33.
Gao Y, Yang J, Cai Y, et al. IFN-γ-mediated inhibition
of lung cancer correlates with PD-L1 expression and
is regulated by PI3K-AKT signaling. Int J Cancer
2018;143:931-43.
Galon J, Costes A, Sanchez-Cabo F, et al. Type, density,
and location of immune cells within human colorectal
tumors predict clinical outcome. Science 2006;313:1960-4.
Kilic A, Landreneau RJ, Luketich JD, et al. Density of
tumor-infiltrating lymphocytes correlates with disease
recurrence and survival in patients with large non-smallcell lung cancer tumors. J Surg Res 2011;167:207-10.
Horne ZD, Jack R, Gray ZT, et al. Increased levels
of tumor-infiltrating lymphocytes are associated with
improved recurrence-free survival in stage 1A non-smallcell lung cancer. J Surg Res 2011;171:1-5.
Kaplan DH, Shankaran V, Dighe AS, et al. Demonstration
of an interferon γ-dependent tumor surveillance system

AME Med J 2020 | http://dx.doi.org/10.21037/amj-20-144

Page 18 of 19

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

in immunocompetent mice. Proc Natl Acad Sci U S A
1998;95:7556-61.
Ren F, Fan M, Mei J, et al. Interferon-γ and celecoxib
inhibit lung-tumor growth through modulating M2/M1
macrophage ratio in the tumor microenvironment. Drug
Des Devel Ther 2014;8:1527-38.
Allavena P, Sica A, Garlanda C, et al. The Yin-Yang of
tumor-associated macrophages in neoplastic progression
and immune surveillance. Immunol Rev 2008;222:155-61.
Carus A, Ladekarl M, Hager H, et al. Tumor-associated
neutrophils and macrophages in non-small cell lung
cancer: no immediate impact on patient outcome. Lung
Cancer 2013;81:130-7.
Huang M, Stolina M, Sharma S, et al. Non-small cell lung
cancer cyclooxygenase-2-dependent regulation of cytokine
balance in lymphocytes and macrophages: up-regulation
of interleukin 10 and down-regulation of interleukin 12
production. Cancer Res 1998;58:1208-16.
Vahl JM, Friedrich J, Mittler S, et al. Interleukin-10regulated tumour tolerance in non-small cell lung cancer.
Br J Cancer 2017;117:1644-55.
Mony JT, Schuchert MJ. Prognostic implications of
heterogeneity in intra-tumoral immune composition for
recurrence in early stage lung cancer. Front Immunol
2018;9:2298.
Brambilla E, Le Teuff G, Marguet S, et al. Prognostic
effect of tumor lymphocytic infiltration in resectable nonsmall-cell lung cancer. J Clin Oncol 2016;34:1223-30.
Wakabayashi O, Yamazaki K, Oizumi S, et al. CD4+ T
cells in cancer stroma, not CD8+ T cells in cancer cell
nests, are associated with favorable prognosis in human
non-small cell lung cancers. Cancer Sci 2003;94:1003-9.
Yang L, Dong Y, Li Y, et al. IL-10 derived from M2
macrophage promotes cancer stemness via JAK1/STAT1/
NF-κB/Notch1 pathway in non-small cell lung cancer. Int
J Cancer 2019;145:1099-110.
Yan X, Jiao SC, Zhang GQ, et al. Tumor-associated
immune factors are associated with recurrence and
metastasis in non-small cell lung cancer. Cancer Gene
Ther 2017;24:57-63.
Wang R, Lu M, Zhang J, et al. Increased IL-10 mRNA
expression in tumor-associated macrophage correlated
with late stage of lung cancer. J Exp Clin Cancer Res
2011;30:62.
Trinchieri G. Interleukin-12 and the regulation of innate
resistance and adaptive immunity. Nat Rev Immunol
2003;3:133-46.
Presky DH, Yang H, Minetti LJ, et al. A functional

© AME Medical Journal. All rights reserved.

AME Medical Journal, 2020

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

interleukin 12 receptor complex is composed of two β-type
cytokine receptor subunits. Proc Natl Acad Sci U S A
1996;93:14002-7.
Airoldi I, Di Carlo E, Cocco C, et al. Lack of Il12rb2
signaling predisposes to spontaneous autoimmunity and
malignancy. Blood 2005;106:3846-53.
Dietrich A, Stockmar C, Aust G, et al. Intraoperative
subcutaneous or intrasplenic vaccination with modified
autologous tumor cells leads to enhanced survival
in a mouse tumor model. J Cancer Res Clin Oncol
2006;132:379-88.
Airoldi I, Di Carlo E, Cocco C, et al. IL-12 can target
human lung adenocarcinoma cells and normal bronchial
epithelial cells surrounding tumor lesions. PLoS One
2009;4:e6119.
Airoldi I, Di Carlo E, Cocco C, et al. Endogenous IL12 triggers an antiangiogenic program in melanoma cells.
Proc Natl Acad Sci U S A 2007;104:3996-4001.
Suzuki K, Kadota K, Sima CS, et al. Clinical impact
of immune microenvironment in stage I lung
adenocarcinoma: tumor interleukin-12 receptor β2
(IL-12Rβ2), IL-7R, and stromal FoxP3/CD3 ratio are
independent predictors of recurrence. J Clin Oncol
2013;31:490-8.
Jia H, Liu J, Han B. Reviews of Interleukin-37: Functions,
Receptors, and Roles in Diseases. Biomed Res Int
2018;2018:3058640.
Eisenmesser EZ, Gottschlich A, Redzic JS, et al.
Interleukin-37 monomer is the active form for
reducing innate immunity. Proc Natl Acad Sci U S A
2019;116:5514-22.
Tetè S, Tripodi D, Rosati M, et al. IL-37 (IL-1F7) the
newest anti-inflammatory cytokine which suppresses
immune responses and inflammation. Int J Immunopathol
Pharmacol 2012;25:31-8.
Ge G, Wang A, Yang J, et al. Interleukin-37 suppresses
tumor growth through inhibition of angiogenesis in nonsmall cell lung cancer. J Exp Clin Cancer Res 2016;35:13.
Gao W, Kumar S, Lotze MT, et al. Innate immunity
mediated by the cytokine IL-1 homologue 4 (IL-1H4/
IL-1F7) induces IL-12-dependent adaptive and profound
antitumor immunity. J Immunol 2003;170:107-13.
Zhao JJ, Pan QZ, Pan K, et al. Interleukin-37 mediates
the antitumor activity in hepatocellular carcinoma: role for
CD57+ NK Cells. Sci Rep 2014;4:5177.
Wang S, An W, Yao Y, et al. Interleukin 37 expression
inhibits STAT3 to suppress the proliferation and invasion
of human cervical cancer cells. J Cancer 2015;6:962-9.

AME Med J 2020 | http://dx.doi.org/10.21037/amj-20-144

AME Medical Journal, 2020

88. Klein M, Brouwer MC, Angele B, et al. Leukocyte
attraction by CCL20 and its receptor CCR6 in humans
and mice with pneumococcal meningitis. PLoS One
2014;9:e93057.
89. Zhang XP, Hu ZJ, Meng AH, et al. Role of CCL20/CCR6
and the ERK signaling pathway in lung adenocarcinoma.
Oncol Lett 2017;14:8183-9.
90. Kirshberg S, Izhar U, Amir G, et al. Involvement of
CCR6/CCL20/IL-17 axis in NSCLC disease progression.
PLoS One 2011;6:e24856.
91. Wei W, Zhao X, Zhu J, et al. lncRNA-u50535 promotes

Page 19 of 19

the progression of lung cancer by activating CCL20/ERK
signaling. Oncol Rep 2019;42:1946-56.
92. Vlerken-Ysla LE van, Rios-Doria J, Moynihan J, et al.
Targeting the CCL20-CCR6 axis as a novel opportunity
to stimulataneously modulate cancer stem cells and the
tumor-immune infiltrate by a dual anti-cancer mechanism.
Cancer Res 2017;77:Abstract nr 4779.
93. Ge X, Zhao Y, Chen C, et al. Cancer immunotherapies
targeting tumor-associated regulatory T cells. Onco
Targets Ther 2019;12:11033-44.

doi: 10.21037/amj-20-144
Cite this article as: Akpoviroro O. Narrative review
of cytokines and cell surface markers in the tumor
microenvironment of stage I lung cancer. AME Med J 2020.

© AME Medical Journal. All rights reserved.

AME Med J 2020 | http://dx.doi.org/10.21037/amj-20-144

