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Tumor-associated immune factors are associated with
recurrence and metastasis in non-small cell lung cancer
X Yan, S-C Jiao, G-Q Zhang, Y Guan and J-L Wang

Dynamic interaction between tumor cells and the microenvironment is critical for tumorigenesis, and cancer immunosurveillance
plays an important role in the tumor evolution. In some tumors (such as esophageal cancer, pancreatic cancer and colorectal
cancer), studies have shown that the number of tumor-infiltrating lymphocytes (TILs) has a significant relationship with the
prognosis, but there is little research on the prognosis of TILs and non-small cell lung cancer (NSCLC) has been performed.
Therefore, it is necessary to discover the relationship between the TILs and cytokines with NSCLC prognosis and metastasis in
patients. Tumor samples were carefully examined for tissue preservation and complete follow-up. A total of 107 tumor samples
from NSCLC patients with radical surgical resection were enrolled for the analysis. All samples were subjected to immunohisto-
chemistry for detection of CD3, CD4, CD8, CD28, forkhead box protein P3 (Foxp3), cytotoxic T lymphocyte-associated protein-4,
cyclooxygenase2 (COX-2), transforming growth factor β 1, interleukin-2 (IL-2), interleukin-6, interleukin-10, interleukin-12 receptor
and hypoxia inducible factor 1a (HIF-1a). The number, function and location of the targets were analyzed to determine their
correlation with disease-free survival (DFS) and overall survival (OS). Immunhistochemical results from 107 samples indicated that
the FoxP3+ regulatory TIL (HR = 1.336, P= 0.031), IL-2 (HR = 0.595, P= 0.007) and HIF-1a (HR = 1.510, P= 0.002) levels in tumor cells
closely correlated with DFS in a COX analysis model. FoxP3+ regulatory TILs (HR = 1.566, P= 0.002) significantly correlated with OS
and tumor node metastasis staging. The patients were divided into two groups due to the coexpression pattern of the IL-2, FoxP3+
and HIF-1a. The high-risk group had an overall worse survival than those at low risk. We confirmed that Foxp3 expression in
lymphocyte and IL-2 expression in tumor cells were associated with recurrence or transfer. Furthermore, we also observed that
HIF-1a expression significantly correlated with DFS and OS.
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INTRODUCTION
Non-small cell lung cancer (NSCLC) is the leading cause of cancer-
related deaths in Asian countries. Surgical resection is the frontline
treatment of this disease, and combination therapy with surgery
and chemoradiotherapy have continued to develop in recent
years. After surgery and postoperative adjuvant therapy, about
65% of the NSCLC patients will still have persistent disease or have
distant metastasis. The 5-year survival rate is ~ 10%, thus,
highlighting a critical need for improved treatment options and
better understanding of the pathophysiology underlying recurrent
NSCLC.1–3

Studies have demonstrated a correlation between tumor-
infiltrating lymphocytes (TILs) with disease recurrence or survival
in patients with NSCLC. A higher degree of TILs within large node-
negative NSCLC correlates with decreased risk of disease
recurrence and improved disease-free survival (DFS).4 Additionally,
high levels of intratumoral TILs are associated with improved
recurrence-free survival in stage 1A NSCLC patients as well as a
reduced likelihood of systemic recurrence.5 Immunological CD8+
and FOXP3+ regulatory T cells (Tregs) infiltrate within tumor
environment is predictive of response to platinum-based neoad-
juvant chemotherapy in advanced NSCLC patients. The under-
standing of the clinical relevance of the immunological milieu in
the tumor microenvironment might provide important insights for
the identification of novel strategies in cancer immunotherapy.6

Expression of transforming growth factor β (TGF-β) in TILs or in
tumor cells was reported to significantly reduce postoperative
survival time, especially in patients with squamous cell carcinoma.
In these patients, the levels of transforming growth factor
β-positive TILs were an immunologic predictor with prognostic
significance as determined by multivariate analysis.7

Recent progress in the field indicated that TILs might have
prognostic value in NSCLC for recurrence and metastasis. In this
study, additional subgroups of T lymphocyte and cytokines in the
tumor microenvironment were assessed according to published
meta-analyses studies and literature. The results were separately
analyzed based on the number, function and location to
determine the correlation between early stage NSCLC recurrence
and metastasis. Furthermore, differentiation between patients at
high and low risk for disease recurrence or metastatic disease was
also evaluated. These results will provide additional insight for
improved anti-tumor strategies of chemotherapy in combination
with immunotherapy for NSCLC.

MATERIALS AND METHODS
Study population
Archival tumor samples were derived from NSCLC patients who underwent
radical surgical resection. Samples were obtained from the Chinese PLA
General Hospital between January 1998 and December 2007 and
diagnosed at the Institute for Pathology. Inclusion criteria for this study

Medical Oncology Department, PLA General Hospital, Beijing, China. Correspondence: Dr S-C Jiao, Medical Oncology Department, PLA General Hospital, No. 28, Fuxing Road,
Haidian District, Beijing 100853, China.
E-mail: jiaosc@vip.sina.com
Received 29 October 2015; revised 23 July 2016; accepted 27 July 2016; published online 13 January 2017

Cancer Gene Therapy (2017) 24, 57–63

www.nature.com/cgt

http://dx.doi.org/10.1038/cgt.2016.40
mailto:jiaosc@vip.sina.com
http://www.nature.com/cgt


were patients with histological-proven NSCLC stage I–IV, who had
complete clinic pathologic data and follow-up date, including gender,
age, pathological diagnosis, differentiation status, tumor node metastasis
(TNM) staging and DFS. Tumor stage was evaluated according to the
guidelines set forth by the American Joint Committee on Cancer TNM
classification system (7th edition). All enrolled patients had no previous
anti-neoplastic treatment with either chemotherapy or radiotherapy, and
had no other primary renal tumors in 5 years. In total, 107 patients met
inclusion criteria. All specimens including tumorous and para cancerous
tissues were formalin-fixed and paraffin-embedded on a routine basis.

Immunohistochemistry
Formalin-fixed and paraffin-embedded tissue specimens were cut into
4 μm sections, mounted on poly-lysine-coated slides and incubated with
blocking buffer (normal goat or mouse serum) at 37 °C for 20 min. The
samples were then incubated with serum and primary antibody that was
diluted in phosphate-buffered saline for 2 h at 37 °C. The secondary anti-
mouse antibody was applied at 37 °C for 50 min. Staining was performed
by incubation with 3,3’-diaminobenzidine chromogen. The slides were
then counter-stained with hematoxilin. Specific antibodies were then
added and diluted for detection of CD3, CD4, CD8, forkhead box protein P3
(FOXP3), cytotoxic T lymphocyte-associated protein-4 (CTLA-4), cycloox-
ygenase 2 (COX-2), TGF-β1, interleukin-2 (IL-2), interleukin-10 (IL-10) and
interleukin-12 receptor (IL-12R), according to the manufacturer’s instruc-
tions (Table 1). Negative control slides were treated similarly as described
above, but the antibody was replaced by phosphate-buffered saline.

Immunohistochemical evaluation
Positively stained tumor-infiltrating cells were independently counted by
two pathologists to assess interobserver agreement. The pathologists were
blinded to the clinical and prognosis of all patients. Positive cells were
defined by tan particles displayed in the cytoplasm and nucleus or cell
membrane. To ensure representativeness and homogeneity, five different
fields were selected with the most positive cells at × 40 magnification. The
cells were counted until a difference of 45% was observed. The positive
rate was obtained by using the integral measuring method.8 According to
the positive staining, cells (staining intensity) were divided into negative
(− ), weakly positive (+, one point), positive (++, two points) and strongly
positive (+++, three points). According to the number of positive cell
number (percentage of positive cells), they were divided into negative (− ),
weakly positive (+, one point), positive (++, two points) and strongly
positive (+++, three points). The specific classification standard referred to
the expression levels of each antigen as identified by relevant literature
(Table 1). The computational formula for scoring was calculated as
immunoreactivescore= staining intensity × percentage of positive
cells. Scores o2 were identified as (− ), 2–4.9 as (+), 5–8.9 as (++) and
49 as (+++).

Statistical analysis
Statistical calculations were performed using SPSS 17.0 software. Mann–
Whitney U test was used for determining single-factor significance.

Correlation analysis of clinicopathologic and immunohistochemical para-
meters was performed using the Spearman test corrected for multiple
testing. Kaplan–Meier curves were calculated for cumulative survival rate
and cumulative survival time. Univariate and multivariate survival analysis
was performed using the COX regression model. P values o0.05 were
considered significant. Two-sided tests were used throughout the study.

RESULTS
Patient characteristics
We identify 107 cases with complete medical records and follow-
up. The overall DFS was 67.3%, 47.7% and 33.5% at 1 year, 3 years
and 5 years, respectively. The overall survival (OS) rates were
reported at 91.6%, 63.6% and 55.0%, respectively. The median
follow-up time was 60 months (range, 7–163 months), whereas
the median survival time was 67.7 months.

Immunohistochemistry
CD3+, CD4+:CD3 and CD4 expression were observed and localized
to TILs. Qualitative immunohistochemical data are shown in
Figure 1.
The number of samples in each group was dissimilar due to the

poor quality of staining in several samples (Table 2).

Rank-sum test
Correlations between the clinical and pathological characteristics
of patients and the result of TILs measured by different
parameters were performed using the Mann–Whitney U test. As
a caveat, this test cannot rule out possible interaction between
various other variables. To avoid possible loss of valid data,
P values o0.1 were considered significant. We found that the
smoking status, lymph node metastasis, distant metastasis and
TNM staging were significantly associated with DFS. OS correlated
with lymph node metastases, pathological type and TNM staging.
On the other hand, significant associations were observed
between DFS and the density of CD3+TILS, CD8+, IL-2+, IL-12R+
or HIF-1a+. There was also a significant association between OS
and Foxp3+TILs, CTLA-4+TILs, IL-12R+ or HIF-1a+ (Table 3).

Survival analysis
A univariate analysis was used to determine various clinical
parameters as predicted by a rank-sum test (Po0.01). The
correlation between the clinical characteristics and DFS or OS
was consistent with the rank-sum test. IL-2+, HIF-1a+ and IL-12R
expression correlated with OS, whereas Foxp3TIL+ and HIF-1a+
were associated with DFS (Figure 2).
COX multivariate analysis of survival indicated that TNM staging

(HR = 1.252, P= 0.045), Foxp3 expression (HR = 1.336, P= 0.031),
IL-2 (HR = 0.595, P= 0.007) and HLF-1a expression (HR = 1.510,
P= 0.002) were associated with DFS. Additionally, pathological
type ((non)adenocarcinoma) (HR = 0.538, P= 0.02), TNM staging
(HR = 1.522, P= 0.003) and Foxp3 expression (HR = 1.566, P= 0.002)
were associated with OS (Table 4).

Conjoint analysis of effector and inhibitory factors in the tumor
microenvironment
Immune effectors, such as IL-2, hypoxia inducible factor 1a
(HIF-1a) and Foxp3, positively correlated with DFS and OS.
Particularly, Foxp3 expression was strongly correlated with DFS
and OS, as determined by multivariate analysis. An analysis of the
prognostic value of COX-2 and Tregs demonstrated that higher
expression of immune effectors and IL-2 in lower expression
group was associated with worsen DFS or OS. Conversely, lower
expression of immune effectors and higher expression of IL-2 were
associated with a survival advantage (Figure 3).

Table 1. Criteria of the level of positive cell

Index The level of positive

− + ++ +++

CD3 o25 25–50 50–75 ⩾75
CD4 o25 25–50 50–75 ⩾ 75
CD8 o10 10–30 30–60 ⩾ 60
CD28 o25 25–50 50–75 ⩾ 75
Foxp3 o5 5–15 15–25 ⩾ 25
CTLA-4 o25 25–50 50–75 ⩾ 75
COX-2 o25 25–50 50–75 ⩾ 75
TGF-β1 o10 10–30 30–60 ⩾ 60
IL-2 o25 25–50 50–75 ⩾ 75
IL-10 o25 25–50 50–75 ⩾ 75
IL-12R o25 25–50 50–75 ⩾ 75
HIF-1a o25 25–50 50–75 ⩾ 75
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DISCUSSION
In this study, we confirmed that Foxp3 expression in lymphocyte
and IL-2 expression in tumor cells were associated with recurrence
or transfer. Furthermore, we also observed that HIF-1a expression
significantly correlated with DFS and OS. Currently, there are large
research interests regarding the role of TILs as a biological therapy
and the association between TIL-induced tumor tissue infiltration,
patient prognosis and survival.9 Histopathological analysis of a
variety of human tumors showed high concentrations of T
lymphocytes is associated with better prognosis in melanoma,
breast cancer, prostate cancer, non-Hodgkin lymphoma, head and

neck cancer, NSCLC, esophageal cancer and urethral
carcinoma.10–12 In an earlier study of NSCLC, a large number of
tumor infiltrating CD8+ T cells were found to induce tumor cell
apoptosis.13 CD4+ T and B lymphocytes are a double-edged sword
in tumor immunity. Studies by Tesar et al.14 and Moyron-Quiroz
et al.15 and by others have reported that CD4+ cells in interstitial
infiltrates are associated with improved clinical outcomes.
However, because of the mechanistic complexity of the

immune system, it remains a challenge to quantitate the number
of TILs in the immuno-microenvironment. TILs are not commonly
activated in the local tumors. In vitro studies have demonstrated

Figure 1. Immunohistochemical detection of TIL and tumor cells in NSCLC (×20 magnification). (a) Expression of CD3+ TILs. (b) Expression of
CD4+ TILs. (c) Expression of CD8+ TILs. (d) Expression of CD28+ TILs. (e) Expression of CTLA-4+ TILs. (f) Expression of Foxp3+ TILs. (g)
Expression of COX-2+ tumor cells. (h) Expression of TGF-β1+ tumor cells. (i) Expression of HIF-1a+ tumor cells. (j) Expression of IL-2+ tumor
cells. (k) Expression of IL-10+ tumor cells. (l) Expression of IL-12R+ tumor cells.
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that cultured TILs remain activated after stimulation and induced
apoptosis of tumor cells. The biological mechanism associated
with tumor immunosuppression in the local tumor microenviron-
ment remains unknown.16 Immunosuppressive cells in the tumor
microenvironment include FoxP3+ Treg17 and Gr-1+ CD1lb+
myeloid suppressor cells.18 Soluble cytokines also found in
the tumor microenvironment include IL-10, TGF-β, VEGF and
PGE2.19–21 Indoleamine 2,3-dioxygenase and arginase I (refs 22,23)
are metabolic factors found deregulated in microenvironment,
whereas those of immune inhibitory ligands include B7-H4 and
PD-1.24,25 A variety of factors regulate the tumor inhibitory
network in the microenvironment. These factors affect the efficacy
of current immunotherapies by inhibiting the activation of the
immune response. Studies have demonstrated that there are
various immunobiomarkers, which could help characterize the
tumor immune microenvironment. In this study, immunohisto-
chemistry was used to assess lymphocytes surrounding the
tumors and evaluated whether the degree of expression of these
immune cells could influence prognosis. In a univariate survival
analysis, clinical features associated with DFS included smoking
(P= 0.079), distant metastases (P= 0.034), lymph node metastasis
(P= 0.006) and TNM staging (P= 0.002). Immunohistochemical
parameters such as IL-2 (P= 0.054), HIF-1a (P= 0.007) and IL-12r
(P= 0.008) expression in tumor cells are also associated with DFS.
Clinical features associated with OS include pathologic types (non-
adenocarcinoma versus adenocarcinoma) (P= 0.063), lymph node
metastasis (P= 0.002) and TNM staging (P= 0.001) and immuno-
histochemical parameters such as FoxP3 expression in lympho-
cytes (P= 0.001) and HIF-1a expression in tumor cells (P= 0.098).
Multi-factor survival analysis showed that the factors associated
with DFS include TNM staging (HR = 1.252, P= 1.252), FoxP3
positive lymphocytes (HR = 1.336, P= 1.336), IL-2 expressing tumor
cells (HR = 0.595, P= 0.595) and HIF-1a expression (HR = 1.510,
P= 1.510). Factors associated with OS including the pathologic
types (non-adenocarcinoma vs adenocarcinoma) (HR = 0.538,
P= 0.538), pTNM staging (HR = 1.522, P= 1.522) and FoxP3
expressing lymphocytes (HR= 1.566, P= 1.566). Joint analysis of
the effectors and inhibitory factors in the tumor

microenvironment demonstrated that lower IL-2 expression and
higher expression of immune effectors is associated with a poorer
DFS and OS. In contrast, higher IL-2 expression and lower
expression of the immune effectors is associated with a survival
advantage. We also observed that tumor cells contain high levels
of CD8 positivity. CD8 T lymphocytes are membrane proteins.
Studies26 have reported that ectopic expression of membrane
protein in tumor cells may greatly enhance the invasive and
recurrence metastasis of tumor cells. However, after careful
analysis, we have no meaningful statistical results to confirm this.
These results need further verification. Other indicators such as
CD3, CD4, CD8, CD28, CTLA-4, COX-2, TGF-β1, IL-10 and IL-12R
have no statistical significance and do not have prognostic value.
Compared with the previous results, we found a more stringent

counting method can influence the interpretation of study results.
We confirmed the Foxp3 expression in lymphocytes and IL-2
expression in tumor cells are associated with recurrence or
transfer. Additionally, HIF-1a expression is significantly associated
with DFS and OS. This may reflect the test sample of individual
differences and the complexity of the immune network system.
IL-2 is an important immune effector. It has been demonstrated

that IL-2 expands T-cell populations, which is a property that is
exploited for cancer immunotherapies. The infusion of IL-2 at low
or high doses at multiple cycles in patients with metastatic
melanoma and renal cell carcinoma was the first successful
immunotherapy for cancer, proving that the immune system
could completely eradicate tumor cells under certain
conditions.27,28 Additionally, Treg cells can inhibit currently almost
all known a priori and secondary immune response. Tregs also
play a role in inherent, acquired and humoral immunity, as well as
in antigen presentation.29,30 HIF-1a induces hypoxia in mammalian

Table 2. Immunohistochemical staining results

Parameter Cases L (lymphocyte) or T (tumor cell) Results

0 1 2 3

CD3 107 L 14 42 36 15
T 0 0 0 0

CD4 107 L 15 38 41 13
T 0 0 0 0

CD8 105 L 65 32 6 2
T 22 31 12 40

CD28 101 L 0 0 0 0
T 30 36 24 11

Foxp3 102 L 54 26 17 5
T 0 0 0 0

CTLA-4 99 L 27 29 26 17
T 86 6 6 1

COX-2 103 L 35 21 18 29
T 0 0 0 0

TGF-β1 103 L 68 28 7 0
T 0 0 0 0

IL-2 102 L 26 51 20 5
T 0 0 0 0

IL-10 96 L 60 23 10 3
T 0 0 0 0

IL-12R 99 L 40 34 22 3
T 0 0 0 0

HIF-1a 95 L 33 31 25 6
T 0 0 0 0

Table 3. Rank-sum test of OS and DFS

Parameters DFS OS

Z value P value Z value P value

Age (⩾60 vs o60) − 1.121 0.262 − 0.914 0.361
Gender (woman vs man) − 0.538 0.590 − 0.572 0.567
Smoking status (yes vs no) − 1.664 0.096* − 1.287 0.198

Pathological type
Adenocarcinoma/non − 1.170 0.242 − 1.955 0.051*
Squamous carcinoma/non − 0.238 0.812 − 0.670 0.503

Differentiation (G1/G2/G3) − 0.261 0.794 − 0.194 0.846
T staging (T1/T2/T3/T4) − 0.812 0.417 − 0.906 0.365
N staging (N0/N1/N2/N3) − 2.322 0.020* − 2.670 0.008*
M staging (M0/M1) − 1.633 0.103* − 1.033 0.302
PTNM staging (I/II/III/IV) − 2.152 0.031* − 2.535 0.011*

Lymphocyte
CD3 − 2.159 0.031* − 0.501 0.617
CD4 − 0.842 0.400 − 0.410 0.682
CD8 − 0.918 0.359 − 0.096 0.924
CTLA-4 − 0.848 0.397 − 2.122 0.034*
Foxp3 − 1.253 0.210 − 2.848 0.004*

Tumor cells
CD8 − 1.638 0.101* − 0.224 0.823
COX-2 − 0.524 0.601 − 0.866 0.386
TGF-β1 − 0.305 0.761 − 0.199 0.842
IL-2 − 1.953 0.051* − 1.453 0.146
IL-10 − 0.561 0.575 − 0.462 0.644
IL-12R − 2.774 0.006* − 2.411 0.016*
CTLA-4 − 0.442 0.658 − 0.414 0.679
HIF-1a − 2.474 0.013* − 2.012 0.044*
CD28 − 0.145 0.884 − 0.398 0.691

*Po0.01.
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cells and helps to adapt cells to a low oxygen environment. It has
been reported that hypoxia can promote the growth of tumor
cells. Conjoint analysis of three indicators showed they are
associated with the local immune microenvironment, which could
assist in identifying high-risk patients with NSCLC.

Infiltrating lymphocytes and inflammatory cytokines make up
the complex immune microenvironment observed in NSCLC. The
interaction between tumor cells and the tumor microenvironment
play a critical role in persistence and recurrence of NSCLC.
Therefore, identifying strategies to modulate immunosuppressive

Figure 2. Kaplan-Meier survival curves demonstrate tumor-infiltrating lymphocytes and immune factors is correlated to OS or DFS. (a)
Correlation of DFS with IL-2+ cell in NSCLC tissues. Low IL-2+ was associated with reduced DFS in NSCLC patients. (b) Correlation of DFS with
IL-12R+ cell in NSCLC tissues. IL-12R+ high was associated with reduced DFS in NSCLC patients. (c) Correlation of DFS with HIF-1a+ cell in
NSCLC tissues. HIF-1a high cell was associated with reduced DFS in NSCLC patients. (d) Correlation of OS with Foxp3+ cell in TILs. Foxp3+ high
was associated with reduced OS in NSCLC patients. (e) Correlation of OS with IL-12R+ cell in NSCLC tissues. IL-12R+ high was associated with
reduced OS in NSCLC patients. (f Correlation of OS with HIF-1a+ cell in NSCLC tissues. HIF-1a+ high was associated with reduced OS in NSCLC
patients.
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Table 4. COX multivariate analysis

Variables DFS OS

HR (95% CI) P value HR (95% CI) P value

Smoking status (yes vs no) 1.052 (0.591–1.873) 0.864
Pathological type (adenocarcinoma/non) 0.538 (0.320–0.905) 0.02*

N staging (N0/N1/N2/N3) 1.033 (0.591–1.804) 0.911 1.087 (0.669–1.767) 0.736
M staging (M0/M1) 0.731 (0.228–2.343) 0.598
PTNM staging (I/II/III/IV) 1.252 (0.961–1.631) 0.045* 1.522 (1.156–2.003) 0.003**

CD3 0.779 (0.580–1.045) 0.096
Foxp3 1.336 (1.027–1.737) 0.031* 1.566 (1.183–2.073) 0.002**

IL-2 0.595 (0.408–0.868) 0.007**

IL-12R 1.285 (0.871–1.895) 0.206
HIF-1a 1.510 (1.160–1.966) 0.002** 1.110 (0.836–1.475) 0.471

*Po0.05, **Po0.01

Figure 3. The relationship between the coexpression of IL-2 and immune suppressor with prognosis. Po0.05. (a) The relationship between
the coexpression of IL-2 and Foxp3 with DFS in NSCLC tissues. Patients with higher IL-2/FOXP3 relapsed within a shorter period of time than
patients with lower IL-2/FOXP3. (b) The relationship between the coexpression of IL-2 and Foxp3 with OS in NSCLC tissues. Patients with
higher IL-2/FOXP3 level resulted in shorter survival than those patients with lower IL-2/FOXP3 level. (c) The relationship between the
coexpression of IL-2 and HIF-1a with DFS in NSCLC tissues. Patients with higher IL-2/HIF-1a level relapsed within a shorter period than patients
with lower IL-2/ HIF-1a level. (d) The relationship between the coexpression of IL-2 and HIF-1a with OS in NSCLC tissues. Patients with higher
IL-2/HIF-1a level lived a shorter life than patients with lower IL-2/HIF-1a level.
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factors in the tumor microenvironment may provide insight into
additional therapies for NSCLC. This study further characterizes the
immune tumor microenvironment and its potential role in relapse
and metastatic NSCLC.
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