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High expression of CD8 predicts favorable
prognosis in patients with lung adenocarcinoma
A cohort study
Sheng-Lan Ye, MDa, Xue-Ying Li, PhDa, Ke Zhao, MDc,∗, Tao Feng, MDb,∗

Abstract
Lung carcinoma is the most common cause of malignant death worldwide. CD8+ T cells, as critical elements in antitumor immunity,
could function as good prognostic indicators in various kinds of cancers such as renal cell carcinoma and colorectal cancer, but its
prognostic role in lung adenocarcinoma is still unclear. The objective of this study was to explore the prognostic role of CD8
expression in lung adenocarcinoma.
Paired tumor and adjacent noncancerous tissues were obtained from 102 patients with lung adenocarcinoma, and CD8

expression of these samples was examined by immunohistochemistry. We evaluated the relationships between the expression of
CD8 and pathological grade, TNM stage, clinical stage, as well as overall survival (OS).
Expression of CD8 was significantly increased in lung adenocarcinoma compared with that in adjacent lung adenocarcinoma

(P< .001). CD8 expression was negatively correlated with pathological grade (r = –0.216, P = .022) and N stage (r = –0.372,
P< .001), while no statistical correlation with T stage, or clinical stage. Importantly, OSwas numerically increased in patients with high
expression of CD8 than the group of intermediate and low CD8 expression (P = .12). Furthermore, CD8 could significantly increase
OS (P = .043, HR: .713, 95%CI: .515–.989) by univariate Cox’s proportional hazards regression analysis.
Our data indicated that expression of CD8, as a protective factor, is correlated with the outcome of patients with lung

adenocarcinoma. Furthermore, CD8 might be a novel prognostic biological marker for patients with lung adenocarcinoma.

Abbreviations: AJCC= American Joint Committee on Cancer, CI = confidence interval, DCs= dendritic cells, HPF= high-power
fields, HRP= horseradish peroxidase, NSCLC = non-small-cell lung cancer, OS= overall survival, PBS= phosphate-buffered saline.
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1. Introduction Since symptoms and signs are often absent in early stage, most
As the most commonly diagnosed cancer and the leading cause of
cancer-related death, lung cancer leads to the great cancer burden
worldwide.[1,2] Nonsmall-cell lung cancer (NSCLC), which
accounts for approximately 85% primary lung cancers, consists
of adenocarcinoma, squamous cell carcinoma, large cell
carcinoma, sarcomatoid carcinoma, and adenosquamous cell
carcinoma.[3,4] Meanwhile, adenocarcinoma, the main subtype
of NSCLC, is the most aggressive histological type in lung cancer.
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lung cancers are usually diagnosed at an advanced stage.
Furthermore, although our understanding in the pathogenesis
of lung cancer is rapidly evolving, the major clinical treatment
is still surgical resection combined with chemotherapy and
radiation therapy, with poor survival prognosis.[1,4–7] Therefore,
it is necessary and urgent to investigate some biomarkers that
function as predictive predictors for lung adenocarcinoma.
It is well known that lung cancer is a multifactorial disease,

which is caused by the combination of smoke exposure,
environmental factor, and immune response.[3,8] As immune cells
are extensively involved in the pathogenesis of cancers, exploring
how immune cells affect the development and progression of
cancers has received broad attention globally. Among immune
cells, CD8+ T cells, also known as cytotoxic T cells, are critical
element in antitumor immunity by killing cancer cells.[9]

In our study, the expression of CD8 in lung adenocarcinoma
was measured, and clinical, pathological characteristics of
patients were collected to analyze their correlation. We aimed
to measure the expression of CD8 in lung adenocarcinoma, and
analyze its correlation with pathological grade, TNM stage,
clinical stage, as well as OS.

2. Materials and methods

2.1. Participants and tissue samples

All patients with lung adenocarcinoma were recruited at
department of respiratory medicine and department of thoracic
surgery, The Central Hospital of Wuhan, Tongji Medical
College, Huazhong University of Science and Technology, Hubei
Province, China, from May 2005 to Apr 2009. In total, 102
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patients with lung adenocarcinoma, who received no preopera-
tive adjuvant therapy and underwent pulmonary section,
provided their written consent to be enrolled in this study. This
study was approved by the Ethics Review Board of Wuhan
Central Hospital. The diagnosis of lung adenocarcinoma was
based on clinical characteristics, radiological examination, and
pathological confirmation. Tissue samples were obtained from
the tumoral area and the adjacent noncancerous area of the
surgically removed lung tissue. All tumors were staged on the
basis of the 7th edition of the American Joint Committee on
Cancer (AJCC) cancer staging manual.[10] Besides, clinical data
were collected, including patients characteristics (age, gender),
tumor features (pathological classification, tumor size, patholog-
ical grade, TNM stage), and OS.
2.2. Immunohistochemistry

Lung tissues were taken from patients with lung adenocarcino-
ma, fixed, embedded in paraffin and cut into 4mm sections.
Subsequently, immunohistochemical staining was then per-
formed using anti-CD8 antibody (Abcam). Briefly, tissue sections
were deparaffinized and rehydrated, followed by antigen retrieval
in Tris-EDTA (pH=9.0). After blocking endogenous peroxidase
using 3% H2O2, sections were immersed with 4% bovine serum
albumin for blocking nonspecific endogenous antigens. Then,
these sections were incubated with anti-CD8 antibody as primary
antibody at 4°C overnight. Negative controls were incubated
with phosphate-buffered saline (PBS) only. After washing, the
sections were incubated with horseradish peroxidase (HRP)-
conjugated anti-IgG (Abcam) as secondary antibody at room
temperature for 30minutes. Afterward, tissue sections were
washed and treated with DAB, followed by counterstaining with
hematoxylin. Then, sections were dehydrated and mounted.
Finally, the positive cells were observed and counted under a light
microscopy by 2 specialists without knowing any information
about patients. In each slide, 100 cells in 5 high-power fields
(HPF, �400) were counted to evaluate the intensity of positive
cells. Staining intensity was scored as 0 (negative), 1 (weak), 2
(moderate), to 3 (strong), whereas the grading scale for labeling
frequency ranged from 0 (0%), 1 (1–25%), 2 (26–50%),
Table 1

Demographic, clinical, and pathological characteristics of lung aden

Parameters C

Age � 50
> 50 1

Gender Female
Male

Alive/dead Alive
Dead

Pathological classification Adenocarcinama
Bronchoalveolar Adenocarcinoma
Mucinous Adenocarcinama
Polypoid Adenocarcinama

Tumor size �2 cm
2–5 cm
> 5 cm

Pathological grade I
II
III

Data are presented as counts (%).

2

3 (51–75%), and 4 (76–100%) on the basis of the percentage of
positively stained cells. Finally, multiplying the score of staining
intensity by the labeling frequency score was used to divide
sections into 3 groups: low (final score�3, intermediate (final
score >3, �6); high (final score>6).
2.3. Statistical methods

Comparison of CD8 expression between 2 groups was deter-
mined by the x2 test. The Spearman test was used to determine
the correlation of CD8 expression with clinical and pathological
stages. Kaplan–Meier curves were used to analyze overall
survival of 3 groups. OS was calculated in months from the
initial diagnosis to the time of death for any causes. Univariate
and multivariate Cox’s proportional hazards regression analyses
were performed to identify independent factors of OS in patients
with lung adenocarcinoma. Statistical significance was set at
P< .05. All statistical analysis performed using IBM SPSS
software (Version 19).
3. Results

3.1. Patient characteristics

Demographic, clinical, and pathological characteristics of the
enrolled patients with lung adenocarcinoma were elaborated in
Table 1. Among 102 subjects, there were 12 (11%) patients in
age � 50 and 100 (89%) patients in age > 50, with 51 (46%)
males and 61 (54%) females. The number of alive patients was
36 (32%), and dead patients 76 (68%). As to pathological
classification, 89 (79%), 13 (12%), 8 (7%), and 2 (2%) cases
were identified as adenocarcinoma, bronchoalveolar adenocar-
cinoma, mucinous adenocarcinoma, and polypoid adenocarci-
noma, respectively. Patients with tumor size> 5cm accounted for
26% total subjects, whereas the number of patients with tumor
size ranging from 2 to 5cm were 66 (59%). According to
pathological grade, 22 (20%), 66 (59%), and 24 (21%) cases
were classified into 1, 2, 3 grade, whereas 42 (38%), 35 (31%),
33 (29%), and 2 (2%) subjects were ranked as 1, 2, 3, 4 on the
basis of clinical stage.
ocarcinoma patients.

ounts (%) Parameters Counts (%)

12 (11%) T Stage T1 19 (17%)
00 (89%) T2 68 (61%)
51 (46%) T3 19 (17%)
61 (54%) T4 6 (5%)
36 (32%) N Stage N0 68 (61%)
76 (68%) N1 19 (17%)
89 (79%) N2 17 (15%)
13 (12%) N3 8 (7%)
8 (7%) M Stage M1 1 (1%)
2 (2%) M0 111 (99%)
17 (15%)
66 (59%) Clinical stage I 42 (38%)
29 (26%) II 35 (31%)
22 (20%) III 33 (29%)
66 (59%) IV 2 (2%)
24 (21%)



Table 2

Expression of CD8 in lung adenocarcinoma and adjacent lung
adenocarcinoma.

CD8

H I L

Lung adenocarcinoma 45 52 15
Adjacent lung adenocarcinoma 8 69 35
P value <.001

∗

Data are presented as counts.
∗
P value <.01 as highly significant. Significance of the comparison is determined by the x2 test.
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3.2. Expression of CD8 in tumoral regions and the
adjacent noncancerous regions of patients with lung
adenocarcinoma

To determine the difference of CD8 expression between lung
adenocarcinoma and adjacent lung adenocarcinoma, immuno-
histochemistry assay was performed. We found that a higher
expression of CD8+ cells in lung adenocarcinoma as compared
with the paired adjacent lung adenocarcinoma (P<0.001, Table 2,
Fig. 1). As illustrated in Table 2, the numbers of tissues with high,
intermediate, and low CD8 staining are 45, 52, 15 in lung
adenocarcinoma, and 8, 69, 35 in adjacent lung adenocarcinoma.
Collectively, these data indicated that expression of CD8 was
Figure 1. Expression of CD8 in lung adenocarcinoma and adjacent lung adenocarcinoma. High expression of CD8 in lung adenocarcinoma, intermediate
expression of CD8 in lung adenocarcinoma, low expression of CD8 in lung adenocarcinoma, high expression of CD8 in adjacent lung adenocarcinoma,
intermediate expression of CD8 in adjacent lung adenocarcinoma, low expression of CD8 in adjacent lung adenocarcinoma.
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Figure 2. The negative correlation of CD8 expression with pathological stage (A) and N stage (B).
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significantly increased in lung adenocarcinoma compared with
that in paired adjacent lung adenocarcinoma.

3.3. Correlation of CD8 expression with clinical and
pathological stage

The Spearman test was next performed to explore whether CD8
expression was associated with clinical and pathological stages.
We found that the levels of CD8 expression were negatively
correlated with pathological (r=–0.216, P= .022) and N stage
(r=–0.372, P< .001), whereas there was no statistical correlation
between CD8 expression and T stage, or clinical stage (Fig. 2,
Table 3).

3.4. Association between CD8 expression and overall
survival

Kaplan–Meier survival curve was plotted to analyze the
association of CD8 expression with OS. As shown in Fig. 3,
although there was no statistically significant association between
CD8 expression and OS (P= .12), patients with high-CD8
staining presented increased OS compared with the groups with
intermediate-CD8 and low-CD8 staining, indicating that CD8,
which may influence prognosis of patients with lung adenocarci-
noma, might be a protective factor for lung adenocarcinoma.
As to further investigate the association between CD8 and OS,

univariate Cox’s and multivariate Cox’s proportional hazards
regression analyses were performed. As illustrated in Table 4,
univariate analysis with a Cox proportional hazards regression
model revealed that CD8 could significantly increase OS
(P= .043, HR: .713, 95%CI: .515–.989), whereas pathological
grade (P= .042, HR: 1.994, 95%CI: 1.455–2.732), T stage
(P< .001, HR: 1.994, 95%CI: 1.455–2.732), N stage (P< .001,
HR: 1.829, 95%CI: 1.472–2.274) and clinical stage (P< .001,
HR: 2.010, 95%CI: 1.549–2.608) were also negatively correlat-
ed with OS.
Table 3

Correlation of CD8 expression with clinical and pathological
stages.

Pathological grade T Stage N stage Clinical stage

CD8 Coefficient �.216 �.057 �.372 �.010
P value .022

∗
.549 <.001

∗∗
.916

N 112 112 112 112
∗
A P value <.05 was considered statistically significant.

∗∗
P value<.01 as highly significant. Significance of the comparison is determined by Spearman test.
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Next, multivariate Cox’s proportional hazards regression
analysis was carried out to explore whether CD8 was an
independent protective factor of OS. Unexpectedly, there was no
significant association between CD8 expression and OS (P
= .099, HR: .696, 95%CI: .441–1.096) (Table 4), although there
was a tendency that CD8 could increase OS. However, the
clinical stage was an independent risk factor of OS in lung
adenocarcinoma (P= .042, HR: 1.694, 95%CI: 1.037–2.766,
Table 4).
4. Discussion

During the progression of cancers, tumor cells interact with their
microenvironment, mainly including endothelial cells, tumor-
associatedmacrophages, T cells, B cells, dendritic cells (DCs), and
neutrophils.[11–13] Currently, accumulated data have shown that
inflammatory responses promote the development of cancers,
whereas high infiltrated number of lymphocytes, especially CD8+

T cells, could function as good prognostic indicators in various
kinds of cancers such as renal cell carcinoma, and colorectal
cancer.[14,15] However, the association between CD8 expression
and clinical, pathological characteristics, clinical outcome in
lung adenocarcinoma still remains to be explored. Therefore,
Figure 3. Association of CD8 expression with overall survival by the
Kaplan–Meier method.



+

Table 4

Association between CD8 expression and overall survival by univariate Cox’s and multivariate Cox’s proportional hazards regression
analysis.

Univariate Cox’s Multivariate Cox’s

P HR 95% CI P HR 95% CI

Lower Higher Lower Higher

CD8 .043
∗

.713 .515 .989 .099 .696 .441 1.096
Gender .190 1.357 .859 2.142 .251 1.409 .869 2.286
Age .567 .993 .970 1.017 .386 1.012 .983 1.041
Pathology grade .042

∗
1.416 1.013 1.980 .870 .995 .666 1.486

T <.001
∗∗

1.994 1.455 2.732 .240 1.385 .922 2.079
N <.001

∗∗
1.829 1.472 2.274 .921 1.110 .741 1.663

Clinical stage <.001
∗∗

2.010 1.549 2.608 .041
∗

1.694 1.037 2.766

CI = confidence interval, HR=hazard ratio.
∗
A P value <.05 was considered statistically significant.

∗∗
P value <.01 as highly significant. Significance of the comparison is determined by univariate and multivariate Cox’s proportional hazards regression analyses.
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identification of CD8 T cells in lung adenocarcinoma might be
useful for prognosis of lung adenocarcinoma. Based on all the
information related to CD8 and cancer, we assumed that CD8
functioned as a helpful biomarker to predict outcome of patients
with lung adenocarcinoma.
In our study, we assessed the expression of CD8 in lung

adenocarcinoma and adjacent lung adenocarcinoma determined
by immunohistochemistry. The expression of CD8 was found to
be significantly upregulated in tumor tissues compared with that
in adjacent noncancerous tissues in patients with lung adeno-
carcinoma, which consistent with other types of cancers and
NSCLC.[14–18]

CD8+ T cells, also known as cytotoxic T cells, are the central
elements in antitumor immunity and have been investigated
widely to examine the association of CD8 with various clinical
and pathological features in many cancers.[19,20] Therefore, we
next analyze the relationship between expression of CD8 and
clinical and pathological stage using the Spearman test. We found
that the levels of CD8 expression were negatively correlated with
pathological and N stage, which may be explained by that CD8+

T cells can eradicate tumor cells and destroy large tumor
masses.[21] However, there was no statistical correlation between
CD8 expression and T stage, or clinical stage.
The increased presence of infiltrating CD8+ T cells has been

reported to an independent favorable prognostic factor for
patients with NSCLC and other cancers.[11,14,16–18,22,23] Subse-
quently, the Kaplan–Meier survival curve was plotted to analyze
the association of CD8 expression with OS in this study. No
statistically significant association between CD8 expression and
OS was demonstrated in lung adenocarcinoma, which was not
the same as above-mentioned studies. The discrepancy might be
caused by the complexity of inadequate cases, different crowds,
and varied methods for grouping. However, there was a tendency
that patients with high-CD8 staining presented increased OS
compared with the groups with intermediate-CD8 and low-CD8
staining, indicating that CD8 might be a protective element for
outcome of patients with lung adenocarcinoma. Therefore,
univariate Cox’s and multivariate Cox’s proportional hazards
regression analyses were then performed to further investigate the
association between CD8 and OS. However, multivariate Cox’s
proportional hazards regression analyses revealed that there was
no significant association between CD8 expression and OS,
whereas the expression of CD8 was positively correlated with OS
when analyzed by univariate Cox’s proportional hazards
regression. Interaction effect among other factors, such as gender
5

and age, might be the main reason accounting for this different
result.
There were some limitations in this study: First, medications

during the observational period were not analyzed due to data
missing, which would affect the OS. However, the therapies after
surgery were almost similar that might not distract the prognosis
analysis. Second, it was obscure whether the CD8+ T cells activity
is for pathogens or for tumors, since lung shares common
microenvironment space for infectious pathogens as well as
adenocarcinomas. Nevertheless, the samples collected from the
patients in this study were confirmed to be cancer tissues which
might reduce the influence. Moreover, in our subsequent study,
we would determine the pathogens when tissue was collected.
In summary, the expression of CD8 was significantly increased

in lung adenocarcinoma. High-CD8+ T cells infiltration was
negatively correlated with pathological grade and T stage. Most
importantly, OSwas increased in patients with high expression of
CD8 than the group of low CD8 expression. All the evidence
indicated that CD8 is a protective factor for progression of lung
adenocarcinoma and might be a potential therapeutic target for
the treatment of lung adenocarcinoma.
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