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Abstract

Background: CD28 expression is correlated with malignancy development in long-term survivors after liver transplantation. Im-
mune cell activation is mediated by the interaction of CD28 with CD4 and CD8.
Objectives: In this study, we attempted to investigate the expression level and prognostic value of CD28 in hepatocellular carcinoma
(HCC).
Methods: A total of 54 HCC patients with complete clinical information were examined. The expression level of CD28 in HCC tissues
was detected by immunohistochemistry. The correlations of CD28 expression with clinical characteristics, CD4+/CD8+ T-cells, and
prognosis in HCC were analyzed. The expression profile of CD28 and survival time of HCC patients were retrieved from the TCGA
database, followed by survival analysis.
Results: The positive expression rate of CD28 in HCC tissues was 70.73%. The CD28 expression was significantly higher in the positive
expression group (area: 659174.9± 670060, IOD: 123348.3± 106348.6) than in the negative expression group (area: 8405.7± 9983.3,
IOD: 1959.6± 2117.7) (P < 0.01). The CD4+ and CD8+ cell counts were 526.13± 258.17 cells/µL and 383.93± 223.39 cells/µL, respectively.
The expression level of CD28 was significantly related to the degree of differentiation and the number of CD4+ and CD8+ T-cells (P <
0.05). The survival time of patients was longer in the positive CD28 expression group than in the negative expression group. Based
on the CD28 expression profiles of 406 HCC patients retrieved from the TCGA database, patients with high CD28 expression showed
a better prognosis than those with low expression (P < 0.05).
Conclusions: CD28 may play a vital role in the occurrence, development, and prognosis of HCC by interacting with CD4+ and CD8+
T-cells. Thus, CD28 could be suggested as the immune checkpoint target for HCC treatment.
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1. Background

Hepatocellular carcinoma (HCC) is the most frequent
form of liver cancer, accounting for more than 90% of all
liver cancers (1). The etiology of HCC is complicated, which
can be generally explained by the combination of environ-
mental factors, aging, unhealthy lifestyle, and genetic fac-
tors (2). Due to its asymptomatic feature in the early stage,
HCC is usually diagnosed at an advanced stage. Despite ad-
vancements in early diagnosis, the prognosis remains ex-
tremely poor in HCC patients. The patients’ prognosis ex-
hibits a global variation. It is reported that the median sur-
vival time of HCC patients in North America, Europe, and
China is 33, 24, and 23 months, respectively (3). Thus, HCC
remains a global public health concern, and novel curative
therapies are urgently needed.

Antitumor immune response mediated by immune
cells is an essential natural barrier to cancer development
and progression (4). The dysregulation of the interaction
between tumor and immune cells contributes to tumor
cells’ evasion from the immune system. T-cells constitute
a significant group of immune cells involved in tumor im-
mune response. Cell activity is mediated by the interaction
of the T-cell receptor with transmembrane receptor (5, 6).
CD28 is a glycoprotein expressed by most T-cells. Evidence
shows that CD28 polymorphism is associated with the risk
of breast cancer and cervical cancer (7, 8). It was reported
that treatment with CD28 antagonists conferred long-term
tolerance of mice with organ graft (6), proving the critical
role of CD28 in inducing immune responses. However, the
role of CD28 in the HCC prognosis has not been clarified.

Cytotoxic T-lymphoma (CTL) exerts immunologi-
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cally specific cytotoxicity in tumor cells by interacting
with antigenic molecules and T-cell receptor-mediated
MHC/peptide complexes. Besides, CD28 blocks the interac-
tion of T-cell receptors (including CD4 and CD8) with the
MHC complex (9). CD28 expression has been suggested
as the potential marker for malignancies in survivors of
liver transplantation (10). Currently, little is known about
the relationship of CD28 with CD4+ and CD8+ immune
cells in HCC. Given that CD28 plays a regulatory role in
tumor immunity by interacting with CD4 and CD8 (11), we
speculated that CD28 might be involved in the progression
of HCC, and its expression is correlated with the prognosis
of HCC patients.

2. Objectives

We investigated the expression level of CD28 in HCC
and its correlation with the prognosis of HCC patients. We
also investigated the correlation of CD28 with CD4 and
CD8. We hope that our study will have some guiding sig-
nificance for HCC treatment.

3. Methods

3.1. Clinical Tumor Sample Collection

From January 2014 to July 2019, HCC patients were re-
cruited from the First Affiliated Hospital of Henan Univer-
sity of Traditional Chinese Medicine. Hepatocellular carci-
noma was determined in patients based on the patholog-
ical diagnosis. Other inclusion criteria included patients
with complete clinical information and a history of hep-
atitis B. All the eligible patients had not received any treat-
ment before this study. On the other hand, patients with a
history of HBV infection and incomplete clinical informa-
tion were excluded.

Finally, 54 HCC patients (44 males and 10 females),
with an average age of 54.85 ± 11.14 years, were examined.
The basic information of patients is depicted in Table 1.
Pathological tumor tissues were collected under surgery
or puncture with informed consent. A total of 54 HCC tis-
sues were staged according to the Barcelona Clinical Liver
Cancer (BCLC) staging system (12), with stage A in 27 cases,
stage B in 13 cases, and stage C in 14 cases. The blood
samples of the included patients were collected at diagno-
sis, and the serum AFP level was detected by chemilumi-
nescence immunoassay kit (Mlbio, Shanghai, China) with
an automatic chemiluminescence analyzer (DX1800, Beck-
man Coulter, Inc., Fullerton, CA).

Table 1. Baseline Characteristics of Included Patients with Hepatocellular Carci-
noma Undergoing Surgical Resection a

Characteristics Values

Sex

Male 44

Female 10

Age (y), No. (mean ± SD) 54 (54.85 ± 11.14)

Tumor size (cm)

≤ 5 30

> 5 24

Number of tumors

Single 27

Multiple 27

TNM stage

I - II 43

III - IV 11

Differentiation

Low 11

Mild 25

High 18

Metastasis

Yes 8

No 46

PVTT

Yes 12

No 42

Abdominal dropsy

Yes 11

No 43

Abbreviation: PVTT, portal vein tumor thrombus.
a Values are expressed as No. unless otherwise indicated.

All the included patients were followed up for the
next five years. The survival data were collected dur-
ing the hospitalization period or by telephone contact
post-discharge. The Ethics Committee of the First Af-
filiated Hospital of Henan University of Traditional Chi-
nese Medicine reviewed and approved this study (approval
number: 2018HL-079-01).

3.2. Immunohistochemistry Assay

The CD28 expression in HCC tissues was detected by the
streptavidin-peroxidase (SP) immunohistochemistry two-
step method. Briefly, tissue slices (5 µm thickness) were
deparaffinized, dehydrated, and blocked with 3% H2O2 for
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10 min at room temperature. After being washed with
PBS three times, sections were incubated with the pri-
mary rabbit anti-CD28 antibody (1:1000, Beijing Boaosen
Biotechnology Co., Ltd., Beijing, China), followed by in-
cubation with peroxidase-conjugated IgG1 secondary anti-
body (1:1000, Beijing Boaosen Biotechnology Co., Ltd., Bei-
jing, China) at room temperature for 20 min. Then, the
sections were stained by diaminobenzidine (DAB) solution
(AR1026-5, Bosch Bioengineering Co., LTD, Wuhan, China)
at room temperature for 5 min and re-stained with hema-
toxylin.

3.3. Microscopic Analysis

After the immunohistochemistry assay, sections
stained with the CD28 antibody were analyzed in five
random high-power microscope fields. The positive CD28
protein expression was reflected by brown staining in the
cytoplasm. The positive staining was evaluated according
to the staining density (integrated optical density, IOD)
and percentage (area) by two independent pathologists in
random order. Based on the IOD value of CD28 staining,
sections were divided into the negative expression group
(IOD < 1000), low expression group (IOD range: 10000 -
250000), and high expression group (IOD range: 250000 -
450000). The semi-quantitative analysis of CD28 staining
was achieved using Image-Pro Plus software.

3.4. Flow Cytometry

A blood sample of 2 mL was collected from each pa-
tient in a vacuum tube containing an ethylenediaminete-
traacetic acid anticoagulant. Blood samples were pre-
pared for the flow cytometry (FCM) assay within 6 h post-
collection, followed by incubation with FITC-conjugated
antibodies against CD4 and CD8. After red blood cells and
unlabeled cells were lysed by FACS lysing solution (Becton-
Dickinson, Le Pont-De-Claix, France) (13), the percentages of
CD4+ and CD8+ cells were analyzed by FC500 Flow Cytome-
ter (Beckman Coulter, Miami, USA).

3.5. TCGA Data Acquisition

The mRNA expression datasets of HCC samples were
retrieved from the Cancer Genome Atlas (TCGA) online
database (https://www.cancer.gov). The samples without
survival data were excluded. The CD28 expression profiles
were extracted from 406 clinical samples. Based on the me-
dian CD28 expression level, tumor samples were divided
into high and low expression groups for survival curve
analysis.

3.6. Statistical Analysis

We applied SPSS 21.0 software for statistical analysis.
Data were expressed as mean ± standard deviation (SD).
The correlations of the CD28 expression level with clini-
copathological characteristics and AFP (alpha-fetoprotein)
level of HCC patients were tested by the chi-square test. The
Kaplan-Meier method was used for survival analysis. The
correlation of CD28 expression level with CD4+ and CD8+
T-cells was tested by Wilcoxon signed rank-sum test. The
differences were statistically significant at P < 0.05.

4. Results

4.1. CD28 Expression Level in HCC Tissues

The positive CD28 expression showed diffuse cytoplas-
mic staining in HCC tissues, and the staining was brown
or tan. As shown in Figure 1, CD28 expression was vari-
able in HCC tissues, exhibiting negative expression in 16
cases but weak and strong expressions in 26 and 12 cases,
respectively. In 54 HCC tissues, the positive expression
rate of CD28 was 70.73% (38/54). The intensity and area
of CD28 staining were remarkably higher in the positive
expression group (area: 659174.9 ± 670060, IOD: 123348.3
± 106348.6) than in the negative expression group (area:
8405.7 ± 9983.3, IOD: 1959.6 ± 2117.7) (P < 0.01, Figure 2).

4.2. Correlation Between CD28 Expression in HCC Tissues and
Clinicopathological Characteristics

The correlation analysis between CD28 expression level
and clinical variables was performed to understand the fac-
tors affecting CD28 expression. The results showed that
CD28 expression was significantly correlated with the de-
gree of tumor differentiation (P < 0.05). There was no cor-
relation between CD28 and gender, age, tumor size, TNM
stage, tumor thrombosis, metastasis, number of tumors,
and AFP level (P > 0.05). The detailed information is shown
in Table 2.

4.3. Relationship BetweenCD28 Expression Level inHCC Tissues
and Number of CD4+ and CD8+ T-cells

The numbers of CD4+ and CD8+ cells in blood samples
of HCC patients were analyzed by flow cytometry (Figure
3). The results showed that the CD4+ and CD8+ cell counts
were 526.13± 258.17 cells/µL and 383.93± 223.38 cells/µL in
HCC patients. The Wilcoxon signed-rank test was used to
analyze the correlation between the CD28 expression level
in HCC tissues and the numbers of CD4+ and CD8+ T-cells
in blood samples. The results showed that the CD28 expres-
sion level was correlated with the numbers of CD4+ T-cells
(W = 327.000, P = 0.032) and CD8+ T-cells (W = 921.500, P =
0.019).
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Figure 1. Immunohistochemistry staining of CD28 in HCC tissues; A, Negative expression of CD28 in HCC tissues (SP × 400); B, Weak staining of CD28 in HCC tissues (SP ×
400); C, Strong staining of CD28 in HCC tissues (SP × 400).

Figure 2. Quantitative analysis of CD28 expression in immunohistochemistry. Patients with weak and strong staining of CD28 were assigned to the positive expression group,
while those with negative expression of CD28 were regarded as the negative expression group. The integrated optical density (IOD) value and area of CD28 staining were
significantly higher in the positive expression group than in the negative expression group (*** P < 0.001).

4.4. Prognostic Value of CD28 in HCC

Survival analysis was performed to evaluate the rela-
tionship between CD28 expression and survival outcomes
of HCC patients. The results showed that in the cohort of
54 HCC cases included in this study, the survival time was
significantly longer in those with positive CD28 expression
than those with negative CD28 expression (P = 0.001, Figure
4). To validate the predictive value of CD28 expression for
survival outcomes, we performed Kaplan-Meier survival
analysis in 406 HCC patients according to CD28 expression
collected from the TCGA database. Based on the median of
68.95, HCC patients were divided into high and low CD28
expression groups. As illustrated in Figure 5, the survival
time was significantly higher in patients with high CD28
expression (P < 0.05).

5. Discussion

Hepatocellular carcinoma is a public health problem
for its high recurrence rate and poor prognosis. The cu-
rative treatment for HCC remains challenging. Currently,
immune-based therapy with checkpoint inhibitors has
emerged as a promising candidate for cancer therapy (14).
By targeting signaling pathways and immune checkpoint
proteins, the molecule inhibitor sorafenib has been ap-
plied as the first-line systemic therapy for advanced-stage
HCC; however, sorafenib systemic therapy for HCC is lim-
ited due to the modest benefits and serious side effects
(1) Thus, a novel therapeutic approach to HCC treatment
needs to be discovered.

CD28 is a founding member of a subfamily of costim-
ulatory molecules characterized by extracellular variable
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Table 2. Relationship Between CD28 Expression Level and Clinicopathological Characteristics of Hepatocellular Carcinoma Patients

Predictor No. CD28 Negative (N = 16) CD28 Positive (N = 38) χ2 P

Gender < 0.001 1.000

Male 44 13 31

Female 10 3 7

Age (y) 1.181 0.277

< 60 33 8 25

≥ 60 21 8 13

Tumor diameter (cm) 0.004 0.947

≤ 5 30 9 21

> 5 24 7 17

Differentiation 4.113 0.043

Low 11 6 5

High 43 10 33

TNM staging 0.316 0.574

I - II 43 14 29

III - IV 11 2 9

Portal vein tumor thrombus < 0.001 1.000

Yes 12 4 8

No 42 12 30

Metastasis < 0.001 1.000

Yes 8 2 6

No 46 14 32

Number of tumors 0.355 0.551

Single 27 9 18

Multiple 27 7 20

AFP (ng/mL) 0.031 0.860

≤ 20 28 8 20

< 20 26 8 18

Abbreviation: AFP; alpha-fetoprotein.

immunoglobulin-like domains, which are constitutively
expressed on T-cells (15, 16). CD28 is mainly expressed on
CD4+ and CD8+ T-cells and provides unique signals to con-
trol a range of intracellular biochemical events, from post-
translational protein modification (such as phosphoryla-
tion) to epigenetic changes, altering T-cell gene expression
program (17). The central role of CD28 as the costimulatory
signal in T-cell function makes it an attractive target for
agents regulating the function of effector T-cells and Treg
cells (18). In recent years, much evidence has suggested
that CD28 plays a crucial role in anti-tumor immunity, pre-
venting the occurrence and development of tumors so that
its expression in lung cancer, gastric cancer, breast cancer,

cervical cancer, and other tumor cells is closely related to
patients’ prognosis (19-22). However, little is known about
the expression level and role of CD28 in HCC patients.

This study included 54 HCC patients and analyzed
CD28 expression in liver tumor tissues. Our data showed
that the CD28 protein expression was correlated with the
degree of tumor differentiation in HCC patients. The sur-
vival time of HCC patients was significantly higher in the
positive CD28 expression group than in the negative ex-
pression group, verified by the survival analysis based
on the TCGA dataset. The results indicated that HCC pa-
tients in the high CD28 expression group showed a bet-
ter prognosis than those in the low expression group. Ev-
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Figure 3. Flow cytometry for the number of CD4+ and CD8+ cells; A, General images of flow cytometry; B, Flow cytometry image for the number of CD4+ cells; C, Flow cytometry
image for the number of CD8+ cells.

idence shows that the impaired cellular immunity in HCC
and hepatitis C virus (HCV) infection was accompanied by
reduced CD28 expression (23). CD28 expression was de-
creased in advanced HCC patients coinfected with HBV in-
fection (24) CD28 polymorphisms may increase the risk of
HCC (2). Similarly, clinical significance analysis of CD28 in
leukemia (ATL) revealed that patients with genetic abnor-
malities related to CD28 exhibited a worse prognosis than
those without, indicating the beneficial effects of CD28 ex-
pression on the survival time of ATL patients (25). Contro-
versially, the high expression of CD28 in lung cancer pa-
tients was associated with worse disease-free survival but a
better overall survival (26). Thus, we speculated that CD28
might play a different role in the prognosis of different can-
cers.

Besides, our results showed that the CD28 expression
was significantly correlated with the number of CD4+ and

CD8+ T-cells. It is reported that CD8+ T-cells play a crucial
role in inducing an adaptive immune response against the
tumor. The CD4+ T-cells are necessary for antitumor im-
munity by eliminating tumor cells and modulating the tu-
mor microenvironment (27, 28). The activation of T-cells in
response to antigens is mediated by CD4-CD8-p56lck com-
plexes and the costimulating molecule CD28 (24). CD28
generates positive signals conferring the T-cell response
(29). Qiu et al. suggested that the percentages of CD8+ cells
and CD8+CD28- cells were significantly increased, while
the CD8+CD28+ cells were decreased in HCC patients com-
pared to controls. There was a positive correlation between
the numbers of CD8+CD28- cells and CD8+ cells (9). CD28
is necessary for the development and survival of CD4+ T-
cells (30). The decreased expression of CD28 on CD4+ T-
cells is correlated with the poor prognosis of idiopathic
pulmonary fibrosis patients (31). Thus, CD28 may play a
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Figure 4. Kaplan-Meier curve analysis for 54 included HCC patients. Based on CD28 staining, patients were grouped into CD28 negative and positive expression groups. The
survival time between the two groups was compared by the Kaplan-Meier method. The survival time was longer in patients with positive expression than those with negative
expression.

key role in cell immunity by interacting with CD4 and CD8.
In this study, CD28 might have interacted with CD4+ and
CD8+ T-cells to affect the HCC prognosis, but further stud-
ies are warranted.

Furthermore, AFP is a kind of glycoprotein secreted
from endoderm-derived tumors. AFP is overexpressed in
HCC and serves as a biomarker for HCC diagnosis and prog-
nosis (32, 33). In this study, we performed correlation anal-
ysis between the AFP level and CD28 expression to evaluate
the diagnostic and prognostic value of CD28. The results
showed no association between AFP and CD28 expression,
which might be attributed to the small sample size in our
study.

There are some limitations to this study. First, the sam-
ple size in our study was relatively small. Second, this
study failed to reflect the correlation between the CD28 ex-

pression level and other clinicopathological characteris-
tics. Finally, healthy individuals were not examined since
it is challenging to collect liver specimens from a healthy
person. This study could not investigate the changes in
CD28, CD4, and CD8 in HCC patients compared to controls.
Thus, studies with a large sample size of HCC patients and
healthy controls are needed to provide more data to sup-
port the role of CD28 as the immune checkpoint for HCC
treatment.

In summary, CD28 may play a vital role in the occur-
rence and development of HCC, and its protein expression
level is an independent factor affecting the HCC prognosis.
CD28 could be suggested as an immune checkpoint target
for HCC treatment.
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Figure 5. Survival curve for HCC patients based on TCGA database. The expression profile of CD28 in 406 HCC patients was retrieved from the TCGA database. According to
the median expression value of CD28, the patients were classified into high or low expression groups. The Kaplan-Meier analysis was performed on clinical data of the TCGA
database. HCC patients with high CD28 expression showed a better prognosis than those with low CD28 expression.
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