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Abstract
AIM: To investigate the expression o� B7-H1 in human 
colorectal carcinoma (CRC) to define its regulating ef-
�ects on T cells in tumor microenvironment.

METHODS: One hundred and two paraffin blocks and 
33 �resh samples o� CRC tissues were subject to this 
study. Immunohistochemistry was per�ormed �or B7-H1 
and CD3 staining in CRC tissues. Ficoll-Hypaque density 
gradient centri�ugation was used to isolate peripheral 

blood mononuclear cells of fresh CRC tissues; flow cy-
tometry and immuno�luorescence staining were used 
�or detection o� regulatory T cells. Data was analyzed 
with statistical so�tware.

RESULTS: Costimulatory molecule B7-H1 was �ound 
strongly expressed in CRC tissues, localized in tumor cell 
membrane and cytoplasm, while weak or none expres-
sion o� B7-H1 was detected in pared normal colorectal 
tissues. Meanwhile, CD3 positive T cells were �ound 
congregated in CRC tumor nest and stroma. Statistic 
analysis showed that B7-H1 expression level was nega-
tively correlated to the total T cell density in tumor nest 
(�  < 0.0001) and tumor stroma (�  = 0.0200) o� 102 
cases o� CRC tissues. Among the total T cells, a variable 
amount o� regulatory T cells with a clear Foxp3+ (fork-
head box �3) staining could be detected in CRC tissues 
and patients’ blood. Interestingly, in the 33 samples 
(15 cases o� B7-H1high CRC tissues and 18 cases o� B7-
H1low CRC tissues) o� �reshly isolated mononuclear cells 
�rom CRC tissues, the percentages o� CD4+Foxp3+ and 
CD8+Foxp3+ regulatory T cells were found remarkably 
higher in B7-H1high CRC tissues than in B7-H1low CRC tis-
sues (�  = 0.0024, �  = 0.0182), indicating that B7-H1 
expression was involved in proli�eration o� regulatory T 
cell. No significant difference was found in CRC periph-
eral blood (�  = 0.0863, �  = 0.0678). �D-1 is the speci�-
ic ligand �or B7-H1 pathway trans�erring inhibitory sig-
nal to T cell, which is expressed by activated T cell. Our 
�urther analysis o� �D-1 expression on T cells in CRC 
tissues showed that conventional T cells (CD4+Foxp3-/
CD8+Foxp3-), which was thought to contribute to the 
anti-tumor immune response, highly expressed �D-1; 
while regulatory T cells (CD4+Foxp3+/CD8+Foxp3-) al-
most �ailed to express �D-1. The average percentage o� 
PD-1 expression on regulatory T cells was significantly 
higher than the percentage o� �D-1 on conventional T 
cells (CD4+Foxp3- T cell, �  < 0.0001; CD8+Foxp3- T cell, 
�  < 0.0001). The diverse expression o� �D-1 might lead 
to di��erent �ate o� T cell subsets in B7-H1 over-expres-
sion CRC tumor microenvironment.
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CONCLUSION: B7-H1 expression in tumor cells can in-
hibit the conventional T cell proli�eration in tumor micro-
environment through the �D-1 expression on conventional 
T cells.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Tumor genesis is associated with a wide array of  both ge�
netic and epigenetic changes. Although host immune sur�
veillance may prevent tumor outgrowth during the earli�
est stages of  tumor growth, locally invasive or metastatic 
tumors must evade host immunity[1]. Immune escape is 
not merely a passive process of  immune evasion but an 
active process in which tumor cells, stromal cells and im�process in which tumor cells, stromal cells and im� in which tumor cells, stromal cells and im�in which tumor cells, stromal cells and im� which tumor cells, stromal cells and im�
mune cells within the tumor microenvironment actively 
suppress the antitumor immune response. Both myeloid�
derived cells and lymphocyte subsets, most notably regu�
latory T cells �Treg�, collaborate with their malignants �Treg�, collaborate with their malignant �Treg�, collaborate with their malignant, collaborate with their malignant collaborate with their malignant 
counterparts to suppress the host immunitythe host immunityhost immunity[2,3]. Recent 
evidence showed that experimental depletion of  Tregs im�
proves immune�mediated tumor clearance and enhancess 
the response to immune�based therapy[4,5]. Tregs have 
been shown to suppress tumor-specific T cell immunity 
and therefore may contribute to the progression of  hu�
man tumorss[6,7]. Furthermore, tumor Tregs are associated 
with a reduced survival of the patients with ovarian carci�of the patients with ovarian carci� the patients with ovarian carci�the patients with ovarian carci�patients with ovarian carci�
noma and brain tumorss[8,9]. In contrast, it has been found 
in Hodgkin lymphoma that decreased number of  infiltrat�
ing Foxp3+ cells in conjunction with increased infiltration 
of  cytotoxic T lymphocytes predicts an unfavorable clini�
cal outcome[10]. Although previous studies have suggested 
that tumors could induce CD25+Foxp3+Tregs from naïve 
CD4 T cells in the absence of  thymus, the cellular and 
molecular mechanisms for that, however, are still not wellare still not well not well 
understood[11,12]. �ptimal activation of antigen�specific �ptimal activation of antigen�specific�ptimal activation of  antigen�specific 
lymphocytes requires specific antigen recognition by 
lymphocytes and costimulatory signals[13]. Up to date, a 
cohort of  important costimulatory molecules, includingincluding 
B7 family ligands, and those which interact with �nownand those which interact with �nownthose which interact with �nownwhich interact with �nowninteract with �nown 
or unknown receptors�� has been identified�� namely ��-���� has been identified�� namely ��-�� has been identified�� namely ��-��s been identified�� namely ��-�� been identified�� namely ��-�� 
�CD80�, B7�2 �CD86�, B7�H1 �PD�L1�, B7�DC �PD�L2�, 
B7�H2 �IC�S ligand�, B7�H3 and B7�H4 �B7x, B7�S1�, 

which essentially contribute to the T cell activation and 
tolerance[14�19]. ��-H�� was identified in ��999 as a member 
of  B7 family that was described to negatively regulate Twas described to negatively regulate T described to negatively regulate T 
cell function by engagement with PD�1, a CD28 fam�
ily member receptor. Besides antigen�presenting cells, 
B7�H1 mRNA was found in a variety of nonlymphoidwas found in a variety of nonlymphoid found in a variety of  nonlymphoid 
parenchymal organs, including the heart, placenta, s�el�
etal muscle, and lung[15]. B7�H1 was thought to inhibit Twas thought to inhibit T thought to inhibit T 
cell growth and cyto�ine production by ligation of  the 
PD�1 receptor[20], which is expressed on activated T and 
B cells[15,21]. Zou et al[22] reported the presence of  B7�H1 
protein by immunohistochemistry in a wide range of  
human cancers. Tumor�associated B7�H1 induced apop�d apop� apop�
tosis of  effector T cells and was thought to contribute towas thought to contribute to thought to contribute to 
immune evasion by cancer. �ther studies indicated that 
bloc�ade of  B7�H1 enhanced tumor immunity but had 
no direct effect on tumor cells[23�25]. To ma�e the situation 
more complicated, B7�H1 can also function as a receptor�H1 can also function as a receptorH1 can also function as a receptor 
to transmit signals to T cells and tumor cells[26,27]. In sum�
mary, B7�H1 can act as both ligand and receptor to ex�
ecute immuno�regulatory functions. B7�H1 was reported�regulatory functions. B7�H1 was reportedregulatory functions. B7�H1 was reported 
to be involved in the induction of  Tregs, dysfunctional 
dendritic cells that expressed up�regulated B7�H1 may that expressed up�regulated B7�H1 maythat expressed up�regulated B7�H1 mayed up�regulated B7�H1 may up�regulated B7�H1 may 
lead to the generation of  Tregs, and in vivo bloc�ing of  
B7�H1 signaling abolished the conversion in a tumor�the conversion in a tumor�conversion in a tumor�
induced Treg conversion model[28]. Whether the tumor�
associated B7�H1 could affect the Tregs generation in the 
tumor microenvironment deserves further exploration.s further exploration. further exploration.

Colorectal carcinoma �CRC� is one of  the most fre�
quent malignancies worldwide, its incidence and mortalityits incidence and mortality 
are especially high in Western developed counties, andespecially high in Western developed counties, andWestern developed counties, andestern developed counties, andand 
it is the second leading cause of cancer�related death the second leading cause of  cancer�related death[29]. 
CRC is a multi�pathway disease since numerous patholog� since numerous patholog� numerous patholog�
ical factors and polygene transformation are involved in 
its oncogenesis and progression. Within recent decades, 
varieties of  therapeutic strategies including conventional 
surgery, chemotherapy, radiotherapy and immunotherapy, 
or even combination of  these therapies have been avail�
able in the treatment of CRC patients. However, these of  CRC patients. However, theseCRC patients. However, these 
therapies yielded different outcomes due to differentyielded different outcomes due to different different outcomes due to different differentdifferent 
physical conditions of the patients, which shaped the tu�conditions of  the patients, which shaped the tu�, which shaped the tu�the tu�tu�
mor microenvironment with immune suppressions[30�32]. 
Therefore, it is critical for clinicians to perform further is critical for clinicians to perform further critical for clinicians to perform further 
analysis of  the immune suppression and establish indi�
viduali�ed strategy for CRC patients.i�ed strategy for CRC patients. strategy for CRC patients.

In the present study, we performed immunohisto�ed immunohisto� immunohisto�
chemistry to characteri�e the B7�H1 expression in human 
CRC and examined its effect on infiltrating T lympho�
cytes in tumor tissues. The regulatory T cells were de�
tected in the tumor tissues and peripheral blood of CRCthe tumor tissues and peripheral blood of CRCtumor tissues and peripheral blood of  CRC 
patients, and the relationship between the B7�H1 expres�
sion and Tregs population was analy�ed. The mechanism was analy�ed. The mechanism. The mechanismThe mechanismhe mechanism 
of  regulatory T cell expansion related to B7�H1�PD�1 
signal was also investigated. also investigated. investigated.

MATERIALS AND METHODS
Patients
For ��-H�� expression and T cell infiltration analysis�� ��02 
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patients with CRC who underwent surgery from �aywith CRC who underwent surgery from �ayCRC who underwent surgery from �aywho underwent surgery from �ayunderwent surgery from �ay 
2004 to December 2007 were included in the presentember 2007 were included in the present 2007 were included in the presentincluded in the present in the present 
study. No patient received pre�operative chemotherapy ore�operative chemotherapy or�operative chemotherapy or 
radiotherapy. The paraffin blocks of  tumor tissues were 
assembled from the archival collections of the Depart�of the Depart� the Depart�
ment of  Pathology�� and all ��02 specimens were identified 
as CRC by hematoxylin and eosin �H�� staining. For reg�by hematoxylin and eosin �H�� staining. For reg� hematoxylin and eosin �H�� staining. For reg�
ulatory T cell and B7�H1 expression analysis, 33 CRC pa�
tients who underwent surgery from �anuary 2008 to �ulywho underwent surgery from �anuary 2008 to �ulyunderwent surgery from �anuary 2008 to �ulyuary 2008 to �uly 2008 to �uly 
2009 were subjected to this study. No patient received 
pre�operative chemotherapy or radiotherapy. The freshlye�operative chemotherapy or radiotherapy. The freshly�operative chemotherapy or radiotherapy. The freshlyly 
removed tumor tissues were identified as colorectal car�
cinoma by pathologist according to the H� staining. Theaccording to the H� staining. The H� staining. The 
blood samples were collected from the 33 CRC patients 
before the surgery by venipuncture. Thirty�three normalThirty�three normal normal 
tissues from autologous non�malignant portion of  colon 
or rectum were resected surgically for the analysis as well,surgically for the analysis as well, for the analysis as well, 
and used as the normal tissue control.as the normal tissue control. the normal tissue control.

The specimens were collected from the Third �ffiliatedThird �ffiliatedhird �ffiliated�ffiliatedffiliated 
Hospital and the Fourth �ffiliated Hospital of �oochowospital and the Fourth �ffiliated Hospital of �oochowFourth �ffiliated Hospital of �oochowourth �ffiliated Hospital of �oochow�ffiliated Hospital of �oochowffiliated Hospital of �oochowHospital of Soochowospital of  Soochow 
University, China, with the approval of the �thic Com�approval of the �thic Com� of the �thic Com�of the �thic Com� the �thic Com�
mittees of these hospitals.s of these hospitals. of  these hospitals.se hospitals. hospitals.

Immunohistochemistry
Immunohistochemistry was performed using the Da�o 
�livisionT� according to the manufacturer’s instructions. 
�oth tumor tissues and non-malignant tissues were fixed 
with formalin, and embedded in paraffin wax. Before 
immunohistochemical staining, 3�μm�thic� consecutive 
sections were cut by microtome, dewaxed in xylene and 
rehydrated through graded ethanol solutions. Antigens 
were retrieved by heating the tissue sections at 100 ℃ 
for 30 min with citrate solution �10 mmol�L, pH 6.0, forwith citrate solution �10 mmol�L, pH 6.0, for citrate solution �10 mmol�L, pH 6.0, forpH 6.0, forH 6.0, for 
CD3 antigen retrieval� or ethylenediaminetetraacetic acidethylenediaminetetraacetic acidthylenediaminetetraacetic aciddiaminetetraacetic acidiaminetetraacetic acidtetraacetic acidetraacetic acidacidcid 
solution �1 mmol�L, pH 8.0, for B7�H3 antigen retrieval�.pH 8.0, for B7�H3 antigen retrieval�.H 8.0, for B7�H3 antigen retrieval�. 
Sections were cooled down and immersed in 0.3% hydro�
gen peroxide for 15 min to bloc� endogenous peroxidase 
activity, and then rinsed in phosphate�buffered saline 
�PBS� for 5 min, bloc�ed with 5% bovine serum albumin 
�BSA� at room temperature for 15 min, and incubatedBSA� at room temperature for 15 min, and incubated� at room temperature for 15 min, and incubated at room temperature for 15 min, and incubated 
with primary antibodies against CD3 ��aixin Biotechnol�
ogy Limited Corporation, Fu�hou, China� and B7�H1[21], 
respectively, at 4 ℃ overnight. Negative controls were 
performed by replacing the specific primary antibody 
with PBS. The sections were then rinsed in PBS for 5 min 
for 3 times and were followed by incubation with HRP�on with HRP� with HRP�
labeled goat anti mouse�rabbit secondary antibody �Da�o, 
Glostrup, Denmar��. Diaminoben�ene was used as the 
chromogen and hematoxylin as the nuclear counterstain. 
The sections were dehydrated, cleared and mounted.

Evaluation of B7-H1 and CD3 immunohistochemical 
staining
Two independent observers who blinded to the clinico�
pathological parameters of  the patients assessed the im�ed the im� the im�
munohistochemical staining sections. The B7�H1 immu�
nostaining intensities were scored according to a scale 
as grade 0, negative; grade 1, wea�ly positive; grade 2,ly positive; grade 2, positive; grade 2, 
moderately positive; grade 3, strongly positive. The nega�ly positive; grade 3, strongly positive. The nega� positive; grade 3, strongly positive. The nega�ly positive. The nega� positive. The nega�

tive means no tumor cells showing positive immunostain�means no tumor cells showing positive immunostain� no tumor cells showing positive immunostain�
ing. Sections were considered as positive when the tumor 
cells showed cytoplasmic or membranous B7�H1 im�
munostaining with proper intensities and were extended 
as grades 1, 2 and 3. The sections of grade 0 and grades 1, 2 and 3. The sections of grade 0 and grade 1, 2 and 3. The sections of grade 0 and gradeof grade 0 and grade grade 0 and grade 
�� were classified as low expression group�� and other sec�
tions of grade 2 and grade �� were classified as high ex-of grade 2 and grade �� were classified as high ex- grade 2 and grade �� were classified as high ex�
pression group.

Infiltrating T lymphocytes in both tumor stroma and 
tumor nest were determined according to the CD3 im�
munolabeling. First, the infiltrating T lymphocytes in 
tumor stroma were examined at low magnification (× 40)  
and categori�ed according to the density as: grade 0, 
scanty; grade ���� moderate infiltration; grade 2�� abundanton; grade 2, abundant; grade 2, abundant 
infiltration; grade ���� the most abundant infiltration. Theon; grade ���� the most abundant infiltration. The; grade ���� the most abundant infiltration. Theon. The. The 
group of grade 0 and grade �� was defined as low infiltra-of grade 0 and grade �� was defined as low infiltra- grade 0 and grade �� was defined as low infiltra�
tion group, and another group of grade 2 and grade 3on group, and another group of grade 2 and grade 3 group, and another group of grade 2 and grade 3of grade 2 and grade 3 grade 2 and grade 3 
was defined as high infiltration group. �econd�� the infil-on group. �econd�� the infil- group. �econd�� the infil�
trating T lymphocytes in tumor nest were counted as fol�
lows: five areas in tumor nest with the most intense infil�
trating T lymphocytes were selected at low magnification 
(× 40)�� then the infiltrating T lymphocytes were counted 
and recorded at high power field (HPF�� × 200 magnifica�
tion). Results from the five areas were averaged and used 
in the statistical analysis. In the present study, the sections 
with the infiltrating T lymphocytes in tumor nest of lessof  lessless 
than 60 per HPF were defined as low infiltration group��on group, group, 
and other sections with the infiltrating T lymphocytes in 
tumor nest of more than 60 per HPF were defined asof  more than 60 per HPF were defined asmore than 60 per HPF were defined as 
high infiltration group. The cutoff point of 60 T lym�on group. The cutoff point of 60 T lym� group. The cutoff  point of  60 T lym�
phocytes per HPF for low/high infiltration assessment inon assessment inassessment in 
tumor nest was set at the median value of  the entire sec�
tions.

Cell isolation from fresh tumor tissues and peripheral 
blood
Fresh tumor specimens were gently minced on a wire on a wirea wire 
mesh screen to obtain a cell suspension. The cell suspen�
sion was centrifuged over Ficoll�Hypaque �Amersham 
Biosciences, Sweden� at 1400 r�min for 25 min. After 
density gradient centrifugation, the mononuclear cells were 
collected and washed with RP�I 1640 media �Gibco, 
United States� containing 50 g�mL fetal bovine serum  
�Hyclone, United States� and 10 g�mL penicillin�strepto�
mycin �Sigma�Aldrich, United States�. Peripheral blood 
mononuclear cells were also isolated with Ficoll�Hypaquealso isolated with Ficoll�Hypaqueisolated with Ficoll�Hypaque 
density gradient centrifugation, and the isolated mono�
nuclear cells were subjected to the analysis immediately.

Flow cytometry and intracellular staining
Cells were washed in PBS containing 5 g�mL BSA and 
incubated with the specific ��uorochrome-conjugated anti-the specific ��uorochrome-conjugated anti-specific ��uorochrome-conjugated anti�
bodies identifying surface molecules on T cells for 30 mins for 30 min for 30 min 
at 4 ℃. The antibodies included CD4�FITC, CD8�FITC 
�Bec�man Coulter, United States� and PD�1�P� �eBiosci�
ence, United States�. For intracellular staining, washed 
cells were fixed with Foxp3 Fixation�Permeabili�ation 
Solution �eBioscince, United States� at room temperature, 
then incubated with P��cy5 conjugated anti�Foxp3 anti�

Hua D et al . B7-H1 and regulatory T cells in CRC
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body �eBioscince, United States� at room temperature in 
the dar� for 30 min. Labeled cells were re�suspended in  

0.5 mL cell staining buffer, and then were analy�ed with, and then were analy�ed with then were analy�ed with 
flow cytometry and the Bec�man�Coulter’s �xpo32 �ul�low cytometry and the Bec�man�Coulter’s �xpo32 �ul�cytometry and the Bec�man�Coulter’s �xpo32 �ul�ytometry and the Bec�man�Coulter’s �xpo32 �ul�
ticomp software �Bec�man Coulter, United States�. Iso� �Bec�man Coulter, United States�. Iso��Bec�man Coulter, United States�. Iso�
type controls were done for each staining.

Statistical analysis
Statistical analyses were performed using GraphPad Prism 
5.0 software pac�age �GraphPad Software, United States�. 
Paired or unpaired Student’s t test, Wilcoxon signed ran�test, Wilcoxon signed ran� 
test, and the Pearson and the Pearsonand the Pearson χ 2 test were used where appropri�
ate. A P value less than 0.05 was considered statisticallyvalue less than 0.05 was considered statisticallyly 
significant.t..

RESULTS
B7-H1 expression was found in colorectal carcinoma 
tissues but not in normal colorectal tissues not in normal colorectal tissues normal colorectal tissues 
Thirty�three cases of  paired CRC tissues and adjacent nor�

Figure 1  B7-H1 and CD3 immunostaining of colorectal carcinoma tissues. A and B: B7-H1 immunostaining in colorectal carcinoma tissues (A: Magnification 400 
×; B: Magnification 200 ×); C: B7-H1 immunostaining in normal colorectal tissues; D: Negative control in colorectal carcinoma tissues; E and F: CD3 stained infiltrating 
T lymphocytesb (E: Tumor stroma; F: Tumor nest).
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Figure 2  B7-H1 expression level in colorectal carcinoma tissues and adja-
cent normal tissues from 33 patients evaluated by immunohistochemisty. 
IHC: Immunohistochemisty.
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mal tissues resected surgically were used to investigate thesurgically were used to investigate the were used to investigate theinvestigate the the 
B7�H1 expression. As we described in previous wor�s in 
human gastric carcinoma[21], B7�H1 was also found strong�
ly expressed in tumor cells, locali�ed in the membrane and 
cytoplasm �Figure 1A and B�. Based on the immunohisto�
chemical scores, 33 cases of tumor tissues showed B7�H1cal scores, 33 cases of tumor tissues showed B7�H1 scores, 33 cases of  tumor tissues showed B7�H1showed B7�H1 B7�H1 
expression �Score 1, 2 or 3�, and 15 cases of tumor tissuesof  tumor tissuestumor tissues 
had high B7�H1 expression �Score 2 or 3�. In the normal high B7�H1 expression �Score 2 or 3�. In the normalIn the normaln the normal 
tissues, 3 cases showed low B7�H1 expression �Score 1�,showed low B7�H1 expression �Score 1�, low B7�H1 expression �Score 1�, 
and none showed high B7�H1 expression �Figure 1C�. Ac�ne showed high B7�H1 expression �Figure 1C�. Ac� showed high B7�H1 expression �Figure 1C�. Ac�showed high B7�H1 expression �Figure 1C�. Ac�high B7�H1 expression �Figure 1C�. Ac�
cording to the statistical analysis, B7�H1 expression level inlevel inin 
CRC tumor tissues was higher than in the adjacent normaler than in the adjacent normal than in the adjacent normalthan in the adjacent normal the adjacent normal 
colorectal tissues �P < 0.0001, Figure 2�.

B7-H1 expression level was negatively correlated to the 
total T cell infiltration density
CD3 staining was considered as T cell labeling, and the 
number of  positive cells represented the total T cell infil�
tration density[30]. CD3 positive T cells were found con�
gregated in CRC tumor and stroma �Figure 1� and F�. 
�ne hundred and two cases of  paraffin embedded CRC 
tissues were used to study the B7�H1 expression and thestudy the B7�H1 expression and the the B7�H1 expression and the 
T cell infiltration. �s shown in Table ���� tumor cell ��-H�� 
expression was negatively and significantly correlated towas negatively and significantly correlated to negatively and significantly correlated to 
the density of  CD3 positive T cells in tumor nest �P < 
0.0001, Table 1� and tumor stroma �P = 0.0200, Table 1�.  
Thus, the data further implied an important role of B7�H1ied an important role of B7�H1 an important role of  B7�H1 
in suppressing T cell�based cellular immune surveillance of  
CRC.

B7-H1high colorectal carcinoma tissues were infiltrated 
with elevated numbers of CD4+/CD8+ regulatory T cells 
To evaluate the effect of  tumor B7�H1 on intratumoral 
regulatory T cells�� we first characterized the percentage 
of  CD4+Foxp3+ T cells and CD8+Foxp3+ T cells. �ono�s. �ono�. �ono�
nuclear cells isolated from resected specimens of CRCed specimens of CRC specimens of  CRC 
patients were stained with multicolor�labeled antibodies 
and analy�ed by flow cytometry. The peripheral blood 
mononuclear cells were also analy�ed in the regulatoryanaly�ed in the regulatory in the regulatoryin the regulatory regulatory 
cell population. Among the CD4+ or CD8+ T cells, a pop�
ulation with a clear Foxp3+ could be detected �Figure 3�.  

A variable amount of  regulatory T cells was found in CRC  
tissues and patients’ blood. Next, to determine the cor�
relation between the tumor cell B7�H1 expression and 
regulatory T cells, we divided the 33 CRC specimens intos into into 
B7�H1high group �n = 15� and B7�H1low group �n = 18� 

Table 1  Correlation between infiltrating T lymphocytes and 
B7-H1 expression in colorectal carcinoma tissues

Infiltrating T lymphocytes in 
colorectal carcinoma tissues

Cases B7-H1 
expression

χ 2 P  value

Low High

Tumor stroma 9.549 0.0200
   Low infiltration 68 24 44
   (scanty and moderate)
   High infiltration 34 23 11
   (abundant and the most abundant)
Tumor nest 17.4 < 0.0001
   Low infiltration (less than 60 T 
   lymphocytes per HPF)

51 13 38

   High infiltration (more than 60 T 
   lymphocytes per HPF)

51 34 17

HPF: High power field.
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Figure 3  An elevated CD4+Foxp3+ and CD8+Foxp3+T cell amount observed 
in B7-H1high colorectal carcinoma tissues. Mononuclear cells were harvested 
from fresh tumor tissues (A) and the peripheral blood (B) of the same colorectal 
carcinoma patient. The percentage of the Foxp3+ T cells was determined by 
fluorescence-activated cell sorting analysis. A: The population of CD4+Foxp3+ 
and CD8+Foxp3+T cells was increased remarkably in B7-H1high colorectal car-
cinoma (CRC) tissues compared with B7-H1low CRC tissues; B: In peripheral 
blood, there was no significant diversity of regulatory T cells between the B7-
H1low and B7-H1high CRC patients.
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according the B7�H1 expression in tumor tissues. The re�
sults showed that in the CRC tumor tissues, the percent�
ages of  CD4+Foxp3+ T cells and CD8+Foxp3+ T cells ins in in 
B7�H1high group were remar�ably higher than in the B7�
H1low group �P = 0.0024, P = 0.0182�. �n the contrary, in 
the CRC peripheral blood�� there was no significant differ-�� there was no significant differ- there was no significant differ-re was no significant differ- differ�
ence of  the percentages of  regulatory T cells between B7�between B7� B7�
H1high group and B7�H1low group �P = 0.0863,, P = 0.0678�. 

PD-1 expression was decreased on regulatory T cells 
and increased on conventional T cells in colorectal on conventional T cells in colorectalon conventional T cells in colorectal conventional T cells in colorectalconventional T cells in colorectals in colorectal in colorectal 
carcinoma tissues
PD�1�B7�H1 ligation has been shown to have an inhibi�an inhibi�inhibi�
tory effect on T cells[33]. However, the effect of  this path�
way on regulatory T cells infiltrated in tumor tissues has 
not been investigated. The highly expressed B7�H1 on 
tumor cells could lead to a low amount of total T cella low amount of total T celllow amount of  total T cell 
infiltration�� but a high amount of regulatory T cell infil-�� but a high amount of regulatory T cell infil- but a high amount of regulatory T cell infil-a high amount of regulatory T cell infil-high amount of  regulatory T cell infil�
tration in the local tissues, which indicated that the PD�indicated that the PD� the PD�
1�B7�H1 pathway could be different in the conventionalin the conventionaln the conventional 
T cells and regulatory T cells. Therefore, we assessed thes and regulatory T cells. Therefore, we assessed the and regulatory T cells. Therefore, we assessed thethe 
surface PD�1 expression on CD4+Foxp3+�CD8+Foxp3+ 
regulatory T cells and CD4s and CD4 and CD4+Foxp3��CD8+Foxp3� conven�
tional T cells in CRC tissues. We found a high percentages in CRC tissues. We found a high percentage in CRC tissues. We found a high percentage 
of  CD4+Foxp3��CD8+Foxp3� conventional T cells ex�s ex� ex�
pressing PD�1 on the cell surface �Figure 4, 4,4, P < 0.0001�. 
However, the CD4+Foxp3+�CD8+Foxp3+ regulatory T 
cells could hardly express PD�1 �Figure 4,s could hardly express PD�1 �Figure 4, could hardly express PD�1 �Figure 4, P < 0.0001�, 
which could allow the survival of  regulatory T cells in 
B7�H1high tumor microenvironment.

DISCUSSION
B7�H1, with engagement of  either of  its receptor, PD�1, 
plays a critical role in suppressing T cell�based immunityng T cell�based immunity T cell�based immunity 
and has emerged as an important mediator of  tumor�
associated immune suppression. B7�H1 was found in sev�
eral solid tumors and evaluated as a potent prognostic 
factor. �ur previous wor� has described the immuno�
suppressive effects of  B7�H1 pathway in gastric carcino�
ma[33]. We demonstrated in this study that B7�H1 wasd in this study that B7�H1 wasthis study that B7�H1 was study that B7�H1 was that B7�H1 waswas 
over�expressed in human colorectal carcinoma, whereas 
B7�H1 was not expressed or expressed at a very low level was not expressed or expressed at a very low levelat a very low level 
in normal colorectal tissues. Furthermore, we found thatfound that that 
the protein levels of B7�H1 in tumor cells were negativelyprotein levels of  B7�H1 in tumor cells were negativelywere negativelynegatively 
correlated to the densities of total T cells, suggesting thatd to the densities of total T cells, suggesting that to the densities of  total T cells, suggesting that 
it may encompass a mechanism of  immune suppression 
in antitumor immunity in human CRC. This part of  wor� 
is consistent with the previous studies of B7�H1 in others of B7�H1 in other of  B7�H1 in other 
solid tumors, which again emphasi�e the important role 
of  up�regulated B7�H1 expression in human tumors.s.. 
Tumors have a specific microenvironment that containss 
many types of  immune cells. Although the potent value. Although the potent value Although the potent valueAlthough the potent valuelthough the potent value 
of  ��-H�� in tumor progression was confirmed repeat�
edly, the mechanism of  tumor�associated B7�H1 involved 
in the regulation of  these immune cells is still poorly un�is still poorly un� still poorly un�still poorly un�poorly un�
derstood.

Regulatory T cells have been identified in the lung�� gas-the lung, gas�lung, gas�
tric and esophageal, ovarian, breast and pancreatic tumor and pancreatic tumor pancreatic tumor 
specimens, and Hodg�in lymphoma. It has been suggested 
that CD4+CD25+Treg cells are involved in the mediation 
of  antitumor immunity by suppressing tumor�specific T 

100       101      102      103

103

102

101

100 CD4+Foxp3-

CD4+Foxp3+

�D-1

�D-1

100       101      102      103

103

102

101

100

�D-1

�D-1

CD8+Foxp3-

CD8+Foxp3+

20

15

10

5

0
CD4+Foxp3+ T   CD4+Foxp3- T

�D
-1

 e
xp

re
ss

io
n 

(%
)

�  < 0.001

40

30

20

10

0
CD8+Foxp3+ T   CD8+Foxp3- T

�D
-1

 e
xp

re
ss

io
n 

(%
)

�  < 0.001

A

B

Figure 4  PD-1 expression on CD4+Foxp3+ or CD8+Foxp3+ regulatory T cells and conventional T cells in colorectal carcinoma tissues. Mononuclear cells 
were harvested from fresh tumor tissues of the same colorectal carcinoma patient. The PD-1 expression was determined by fluorescence-activated cell sorting analy-
sis, gated on CD4+Foxp3+/- or CD8+Foxp3+/- T cells. A: CD4+Foxp3+ regulatory T cells could hardly express PD-1 on the cell surface, while PD-1 expression level was 
significantly higher on the conventional CD4+T cells; B: CD8+Foxp3+ regulatory T cells almost failed to express PD-1, while PD-1 expression was significantly higher 
on the conventional CD8+T cells as well.
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cell immunity, thereby contributing to the growth of hu�, thereby contributing to the growth of hu� thereby contributing to the growth of hu�ing to the growth of hu� to the growth of  hu�
man tumorss[6�10]. How regulatory T cells could survive ande and and 
expand in the tumor microenvironment remains unclear,d in the tumor microenvironment remains unclear,in the tumor microenvironment remains unclear,remains unclear,, 
and how to regulate the regulatory T cells in microenvi�s in microenvi� in microenvi�
ronment would be critical to tumor immunotherapy[34]. 
In the present study, we detected the CD4the present study, we detected the CD4present study, we detected the CD4ed the CD4 the CD4+Foxp3+ and 
CD8+Foxp3+ regulatory T cell population in the CRC 
tumor tissues and peripheral blood. The percentage ofThe percentage of  
regulatory T cells was significantly elevated in B7�H1egulatory T cells was significantly elevated in B7�H1was significantly elevated in B7�H1 significantly elevated in B7�H1ly elevated in B7�H1elevated in B7�H1high 
CRC tissues, but not in the peripheral blood. These results, but not in the peripheral blood. These results but not in the peripheral blood. These resultsthe peripheral blood. These resultsperipheral blood. These results 
indicated that the up�regulated B7�H1 expression could expression couldexpression could 
lead to a local congregation of  regulatory T cells, which 
might promote the tumor progression. B7�H1 expression 
was positively related to the regulatory T cell expansion, 
but negatively related the total T cell infiltration in CRC 
tissues. This suggested that B7�H1 pathway could have dif�
ferent effects and functions on the subgroups of T cells.s and functions on the subgroups of T cells. and functions on the subgroups of T cells.s on the subgroups of T cells. on the subgroups of T cells.the subgroups of T cells.subgroups of  T cells. 
B7�H1 pathway could participate in the immune suppres�
sions through multi�regulations of T cells.�regulations of T cells.regulations of  T cells.s..

T cells are a very diverse lymphocyte population with 
respective functions in tumor microenvironment. Un�
derstanding of  their polari�ation toward stimulatory or 
inhibitory activity is important to �now how they wor� in 
diseases[30,35]. Regulatory T cells expressing the hallmar� 
for�head transcription factor 3 �Foxp3� are of  therapeu�
tic value in cancer immunotherapy due to their potent 
immunosuppressive effects. The presence of  regulatory 
T cells was determined by the complex tumor microen�
vironment. How to decrease the number of  regulatory 
T cells and increase the conventional T cells is critical to 
obtain a desired outcome of  immunotherapy. Here, we 
assessed the PD�1 expression on T cell subsets to ex�
plore the mechanism of  B7�H1 pathway in regulation of  
tumor-infiltrated T cells. The data showed a very interest�
ing phenomenon that conventional T cells �CD4+Foxp3� 
�CD8+Foxp3�� expressed PD�1 on the cell surface at 
a high level, while regulatory T cells �CD4+Foxp3+ �
CD8+Foxp3+� almost failed to express PD�1. Under these 
circumstances, the ligation of  tumor�associated B7�H1 
with PD�1 on conventional T cells would lead to the fail�
ure of  T cell�mediated anti�tumor effect, and inhibit the 
conventional T cell proliferation and survival. At the same 
time, the loss of  PD�1 expression could allow the exis�
tence and expansion of  regulatory T cells, which could 
further inhibit the conventional T cells. B7�H1 expression 
in tumor cells could collaborate with its regulation out�
comes on T cells, suppress the tumor immune response, 
and shape the tumor immune escape circumstance.

In conclusion, the inhibitory co�stimulatory molecule 
B7�H1 expression was found in CRC tissues, but not in 
normal colorectal tissues. B7�H1 expression in tumor 
cells could inhibit the conventional T cell proliferation in 
tumor microenvironment through the PD�1 expression 
on conventional T cells. Regulatory T cells could barely 
express PD�1, and consequently gain the survival and 
expansion in a B7�H1high microenvironment. �ur wor�s 
also support the efforts to develop immunotherapeutic 
approaches targeting B7�H1 pathway for the treatment 
of  CRC.
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COMMENTS
Background
Inhibitory co-stimulatory molecules from B7-family have been implicated in sup-
pression of tumor immunity. B7-H1 was found to be over-expressed in manyin many many 
human malignancies, and was significantly correlated to the clinicopathologicaland was significantly correlated to the clinicopathologicalsignificantly correlated to the clinicopathologicalthe clinico�athological�athological 
parameters and prognoses of various human tumors. B7-H1 was suggested of various human tumors. B7-H1 was suggested. B7-H1 was suggested 
to �lay an im�ortant role in tumor immune esca�e�� while the �ull mechanism o� an im�ortant role in tumor immune esca�e�� while the �ull mechanism o�im�ortant role in tumor immune esca�e�� while the �ull mechanism o� 
tumor-associated B7-H1 pathway needs further studies.s further studies. further studies.studies..
Research frontiers
B7-H1 expression in tumor tissues was evaluated as a potent target for tumors was evaluated as a potent target for tumor was evaluated as a potent target for tumor 
immune therapy. The mechanism of B7-H1 pathway was considered involvinginvolving 
the suppressive effect on tumor-specific T cell immunity and therefore may con-suppressive effect on tumor-specific T cell immunity and therefore may con-
tribute to the progression of human tumors. Previous studies have suggesteds. Previous studies have suggested. Previous studies have suggested 
that tumors could induce CD25+Foxp3+ regulatory T cells (Treg) from naïve CD4 
T cells in the absence o� thymus�� while the key molecules and �athway are stillare still still 
unknown. In this study, the authors focus on the significance and function ofthe authors focus on the significance and function of focus on the significance and function offocus on the significance and function of the significance and function of 
tumor-associated B7-H1 in Tregs’ expansion.
Innovations and breakthroughs
The mechanism of B7-H1 pathway in tumor microenvironment is commonly 
considered as decreasing and suppressing of antigen-specific T cells. This 
article reported for the first time that tumor-associated B7-H1 was involved in 
the expansion of Tregs in colorectal carcinoma (CRC) tissues, which provided(CRC) tissues, which providedCRC) tissues, which provided) tissues, which provided tissues, which providedd 
a new strategy for the future researches. Furthermore, B7-H1-PD-1 was foundfuture researches. Furthermore, B7-H1-PD-1 was foundresearches. Furthermore, B7-H1-PD-1 was foundes. Furthermore, B7-H1-PD-1 was found. Furthermore, B7-H1-PD-1 was found 
not responsible for the Tregs expansion, which offers a presumption of another 
receptor for B7-H1 on Tregs. 
Applications
Regulatory T cells are of theraputic value in cancer immunotherapy due to theirutic value in cancer immunotherapy due to their value in cancer immunotherapy due to their 
potent immunosuppressive effects. How to decrease the number of regula-
tory T cells and increase the conventional T cells is critical to obtain a desireds is critical to obtain a desired is critical to obtain a desiredto obtain a desireddesired 
outcome of immunotherapy. This study supports the efforts to develop immuno-This study supports the efforts to develop immuno- supports the efforts to develop immuno-s the efforts to develop immuno- efforts to develop immuno-
thera�eutic a��roaches targeting B7-H1 �athway �or immune thera�y through 
regulating conventional and regulatory T cells in CRC.ng conventional and regulatory T cells in CRC. conventional and regulatory T cells in CRC.
Peer review
The authors investigated the immunolocali�ation of the protein B7-H1 in co-d the immunolocali�ation of the protein B7-H1 in co- the immunolocali�ation of the protein B7-H1 in co-
lorectal cancer tissues using a standardi�ed immunohistochemical approa- ch.- ch.ch. 
Furthermore, they compared the B7-H1 expression with the density of F��P3d the B7-H1 expression with the density of F��P3 the B7-H1 expression with the density of F��P3 
and CD3 immune cell infiltrate. They found that B7-H1 expression in tumor cells 
inhibits the proliferation of T cells, but allows the survival and expansion of T, but allows the survival and expansion of T but allows the survival and expansion of Ts the survival and expansion of T the survival and expansion of T 
regulatory lymphocytes. The manuscript is interesting, and well done.
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