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Abstract
Although PD-1/PD-L1 immunotherapy has been used successfully in treating many cancers, metastatic colorectal cancer
(CRC) patients are not as responsive. B7-H3 is a promising target for immunotherapy and we found it to have the highest
expression among B7-CD28 family members in CRC. Thus, the aim of the present study was to investigate B7-H3
expression in a large CRC cohort. B7-H3, B7-H4, and PD-L1 protein levels and differential lymphocyte infiltration were
evaluated in tissue microarrays from 805 primary tumors and matched metastases. The relationships between immune
markers, patient characteristics, and survival outcomes were determined. B7-H3 (50.9%) was detected in more primary
tumors than B7-H4 (29.1%) or PD-L1 (29.2%), and elevated B7-H3 expression was associated with advanced overall stage.
Co-expression of B7-H3 only with B7-H4 or PD-L1 was infrequent in primary tumors (6.3%, 5.7%, respectively).
Moreover, B7-H3 in primary tumors was positively correlated with their respective expression at metastatic sites (ρ= 0.631;
p < 0.001). No significant relationships between B7-H4 and PD-L1 and survival were observed; however, B7-H3
overexpression in primary tumors was significantly related to decreased disease-free survival. A positive relationship
between B7-H3 expression and high density CD45RO T cell was observed in primary tumors, whereas B7-H4 and PD-L1
overexpression were related to CD3 T-cell infiltration. In conclusion, compared with B7-H4 and PD-L1, B7-H3 expression
exhibited a higher prevalence and was significantly related to aggressiveness, worse prognosis and CD45RO T-cell
infiltration in primary tumors. Further exploration of this potential target of immunotherapy in CRC patients is warranted.

Introduction

Colorectal cancer (CRC) still presents a great burden on
human health. As reported by GLOBOCAN 2018, the
morbidity and mortality rates of CRC in both sexes rank
third and second, respectively [1]. In China, the burden of
CRC exhibits a continuously increasing trend. Approxi-
mately 370 thousand new CRC cases and 180 thousand
CRC deaths occurred in 2014 [2]. Despite the prevalence
and promotion of CRC screening, about a quarter of
patients are diagnosed with synchronous metastases and
~50% of cases suffer from metastases during long-term
follow-up [3–5]. For metastatic CRC (mCRC), the use of
multimodality therapy, which includes surgery, che-
motherapy, and ablative methods, has improved survival
[3]. However, at present mCRC prognosis is poor, with a 5-
year survival of 12–14% [4]. Thus, there is an urgent need
for new therapies to treat mCRC patients.

Immunotherapy, targeting the PD-1/PD-L1 pathway
to normalize the immune response in the tumor

* Zhao-Xu Zheng
zzx_20003@126.com

* Shuang-Mei Zou
zousm@cicams.ac.cn

* Xi-Shan Wang
wxshan1208@126.com

1 Department of Colorectal Surgery, National Cancer Center/
National Clinical Research Center for Cancer/Cancer Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical
College, Beijing, China

2 Department of Pathology, National Cancer Center/National
Clinical Research Center for Cancer/Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical College,
Beijing, China

Supplementary information The online version of this article (https://
doi.org/10.1038/s41379-020-0587-z) contains supplementary material,
which is available to authorized users.

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-020-0587-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-020-0587-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-020-0587-z&domain=pdf
http://orcid.org/0000-0001-8539-6291
http://orcid.org/0000-0001-8539-6291
http://orcid.org/0000-0001-8539-6291
http://orcid.org/0000-0001-8539-6291
http://orcid.org/0000-0001-8539-6291
mailto:zzx_20003@126.com
mailto:zousm@cicams.ac.cn
mailto:wxshan1208@126.com
https://doi.org/10.1038/s41379-020-0587-z
https://doi.org/10.1038/s41379-020-0587-z


microenvironment, is a key treatment modality in refractory
solid cancers, such as mCRC [6–9]. Two PD-1 inhibitors,
pembrolizumab and nivolumab, are used to treat deficient
mismatch repair (dMMR) or microsatellite instability-high
(MSI-H) mCRC, due to their durable response. Unfortu-
nately, only 5% of mCRC are dMMR or MSI-H, and most
proficient MMR (pMMR) or MSI-low (MSI-L) CRC are
unresponsive to immune checkpoint inhibitors [6]. Target-
ing other immune checkpoints may offer more immu-
notherapeutic choices for pMMR or MSI-L CRC patients,
who are excluded from current PD-1 inhibitor therapy.

B7-H3, also known as CD276, is a B7 superfamily
member [10]. B7-H3 is expressed in lymphoid cells and
inhibits T-cell-mediated immune response and natural killer
cell activation, although its receptor has not been identified
[11, 12]. Importantly, previous studies demonstrated B7-H3
overexpression in many cancers, including breast, pan-
creatic, hepatocellular, renal, lung, and CRC, but limited
expression in normal tissues [13–19]. In general, B7-H3-
positive cases are associated with aggressiveness,
chemoresistance, angiogenesis, and poor overall survival
[20–27]. Moreover, chimeric antigen receptor T cells that
limit tumor growth by targeting B7-H3 have been shown to
be effective and safe [28–31]. Thus, B7-H3 is crucial for the
immune response and targeting B7-H3 is a valid strategy for
cancer immunotherapy.

Although some previous studies have found the asso-
ciation of B7-H3 with poor prognosis in CRC [32–35], the
relationship between B7-H3 and alternative immune
checkpoints and tumor-infiltrating immune cells is unclear.
Furthermore, the concordant expression of B7-H3 between
primary and matched metastatic sites has yet to be investi-
gated. Thus, an extensive tissue microarray (TMA) CRC
cohort, including 805 primary tumors and the respective
metastatic sites, was designed to analyze the relationship of
B7-H3, B7-H4, and PD-L1 with clinical outcomes and
tumor-infiltrating immune cells.

Materials and methods

Patient cohort of China National Cancer Center and
follow-up

Immunohistochemistry (IHC) data were obtained from 805
CRC patients with unselected and non-consecutive CRC
that were treated from 2010 to 2014 at the National Cancer
Center/Cancer Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College. The patient
inclusion criteria included: (1) pathologically confirmed
colorectal adenocarcinoma; (2) completed radical (R0)
dissection of both primary and metastatic tumors; (3)
received no preoperative anti-cancer treatments.

Considering that tumor cells were rarely seen in the TMAs
to evaluate because of lots of mucus, patients diagnosed
with mucinous and signet-ring cell carcinomas were
excluded from this study. Meanwhile, patients with multiple
primary tumors or with a history of other malignancies or
recurrence or without complete follow-up data or enough
pathological tissue to construct the TMAs were excluded.
All enrolled patients gave written or oral informed consent.
Approval for the study was given by the Institutional
Review Board Committee.

Patient clinicopathological variables, including age, sex,
primary tumor site, tumor differentiation, TNM stage,
MMR status, and postoperative treatments were retro-
spectively recorded. After radical surgery, all stage III and
IV, and some stage II patients with high risk factors (such as
T4, poor differentiation, lymphovascular invasion, pre-
operative intestinal obstruction etc.) received adjuvant
treatment. Generally, XELOX regimen was used in colon
cancer, and long course chemoradiotherapy plus XELOX
regimen was used in rectal cancer. Patients were followed
up regularly according to the Chinese guidelines for CRC as
described previously [36]. Recurrence and distant metas-
tasis were determined during clinical, radiological exam-
inations, and/or histological examinations. The time
between the surgery date and tumor recurrence was termed
as disease-free survival (DFS). Overall survival (OS) was
measured from the surgery date to the time of death or last
follow-up, which was May 1, 2019.

TMA and IHC

TMA was constructed from representative areas of primary
tumors, metastatic lymph nodes, and liver metastases
selected from HE-stained paraffin blocks. The punched
sample with a core 1.5 mm diameter was brought into the
recipient block by an automatic tissue arrayer (AutoTiss 10
C, EverBio, Taiwan, China). Each TMA consisted of a
primary tumor sample and matched normal mucosa tissue
from the same individual. In addition, stage III TMAs
included a metastatic lymph node and matched normal
lymph node. Stage IV TMAs included a liver metastasis and
matched normal liver tissue. To ensure reproducibility and
reduce systematic errors, another copied TMA with a core
1.0 mm diameter from two different tumor areas was made
for each patient. Due to limited metastatic tissues, the
copied TMA only included primary tumors.

For IHC, rabbit monoclonal antibodies against B7-H3
(D9M2L), B7-H4 (D1M8I), and PD-L1 (E1L3N) and
mouse monoclonal antibodies against CD45RO (UCHL1)
were purchased from Cell Signaling Technology (Danvers,
MA, USA). The CD3 antibodies were purchased from
ZSGS-Bio (ZA0503, Beijing, China) and CD8 antibodies
were purchased from Dako (C8/144B, Denmark). An
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automated immunostainer (BenchMark ULTRA, Ventana
Medical Systems, Inc.) was utilized for IHC (4 μm thick)
following standard protocols.

Quantification of B7-H3, B7-H4, and PD-L1 protein
levels and immune cell infiltration

Two pathologists, blinded to patient characteristics, inde-
pendently assessed the slides. In the case of discrepant
results, the slides were reviewed and a consensus was
achieved between the investigators.

The staining intensity of B7-H3, B7-H4, and PD-L1
expression only in tumor cells was evaluated as negative
(no staining) or positive (weak to strong staining) expres-
sion. For different staining intensity in two spots from same
case, the higher score was recorded. Whole slides were
scanned for CD3, CD8, and CD45RO staining by a digital
slide scanner (KFBIO, China) using a 40× objective
equivalent. The density (cells/mm2) of positive immune
cells was calculated using image analysis (HALO Indica
Labs) within the tumor compartment [37].

Definition of pMMR and dMMR

MMR status in primary and metastatic sites was determined
by IHC testing for MLH-1, MSH-2, MSH-6, and PMS-2.
Patients simultaneously expressing all these markers were
defined as pMMR. Patients lacking expression of at least
one marker were defined as dMMR. For patients with
abnormal MLH-1, the BRAF-V600E mutation was deter-
mined to preclude the diagnosis of Lynch syndrome.

Statistical analysis

Correlations between B7-H3, B7-H4, and PD-L1 with other
patient characteristics, including the density of immune cell
infiltration, were evaluated using Chi-square tests. Spear-
man rank correlation coefficients were employed to calcu-
late correlations between B7-H3, B7-H4, and PD-L1 levels
in primary tumors and corresponding metastatic sites. Sur-
vival was assessed and compared with the Kaplan–Meier
method and log-rank tests, respectively; and comparison of
four quartiles of tumor-infiltrating lymphocytes via log-rank
test was made. Univariate and multivariate analyses were
conducted with a Cox regression model. p < 0.05 was
deemed significantly different. Statistical analyses were
two-sided and accomplished using SPSS software (Version
25.0; IBM Corp., New York, USA), and SAS statistical
software (Version 9.4, SAS Institute Inc., Cary, NC). Sta-
tistical analyses of RNA sequencing data from The Cancer
Genome Atlas (TCGA) database (https://genomecancer.
ucsu.edu/) were conducted with R version 3.4.1
(http://www.r-project.org).

Results

B7-H3, B7-H4, and PD-L1 expression in CRC

First, analyses of mRNA for B7-CD28 family members in
CRC from TCGA database were performed. Among the
immune markers, B7-H3 exhibited the highest expression
(Supplementary Fig. S1), indicating that B7-H3 may be a
potential immunotherapy target. Then, further investigation
of B7-H3 protein expression level via IHC staining was
performed in our cohort. We found that B7-H3 mainly
exhibited cytoplasmic/membrane staining and showed dif-
ferent staining intensity (Supplementary Fig. S2). Of 805
primary tumors analyzed, B7-H3 was expressed in 50.9%
(410/805) of CRC, including 30.9% (249/805) weak stain-
ing, 12.4% (100/805) medium staining, and 7.6% (61/805)
strong staining. For positive cases, 97.6% (400/410) of
samples showed positive staining in 100% of tumor cells in
the core, and positive rates between two different cores
correlated significantly (ρ= 0.963; p < 0.001). Meanwhile,
we randomly selected ten positive and negative cases to
assess B7-H3 expression in whole tissue sections, respec-
tively, and found that the positive rates in whole tissue
sections were consistent with those in TMAs (Supplemen-
tary Fig. S3), indicating homogeneous expression of B7-H3
in CRC. Also, we assessed B7-H3 expression in normal
tissues, and the positive rate in normal liver (42.4%) was
higher compared with normal mucosa (21.4%) and normal
lymph node (11.5%) (Supplementary Fig. S4).

The fractions of patients with B7-H4 and PD-L1 positive
primary tumors were 29.1% (234/805) and 29.2% (235/
805), respectively. Weak staining for B7-H4 and PD-L1
was observed in 20.9% (168/805) and 20.6% (166/805),
medium staining in 6.5% (52/805) and 6% (48/805), and
strong staining in 1.7% (14/805) and 2.6% (21/805) of
cases, respectively. The fraction of B7-H3 positive cases
that only co-stained with B7-H4 or PD-L1 was low (6.3%
and 5.7%, respectively) (Supplementary Fig. S5 and Sup-
plementary Table S1).

Available tissue samples of metastatic sites were col-
lected. Totally, 226 lymph node metastases from stage III
CRC and 131 liver metastases from stage IV CRC were
identified. All patients had only one corresponding metas-
tasis to make IHC staining.

Of the 357 cases analyzed, 53.8% (192/357) of patients
had B7-H3 positive primary tumors and 45.4% (162/357)
were positive in metastases. Despite discordant B7-H3
expression in primary tumors versus metastases was iden-
tified in 19% (68/357) of patients, B7-H3 protein in primary
tumors was moderately correlated with metastases, and the
p value was statistically significant (ρ= 0.631; p < 0.001).
Also, both B7-H4 and PD-L1 expression in primary tumors
and metastases correlated moderately, although discordant
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expression in primary tumors versus metastases was iden-
tified in over 16% of patients, as shown in Table 1 (Sup-
plementary Fig. S6).

B7-H3, B7-H4, and PD-L1 expression and
clinicopathological characteristics

Correlations between clinicopathological characteristics and
B7-H3, B7-H4, and PD-L1 protein levels were analyzed in
805 primary tumors, as shown in Table 2. We found that
42.7% (146/342) of stage I–II and 57% (264/463) of stage
III-IV CRC cases were B7-H3 positive (p < 0.001). No
other significant differences in the association of B7-H3
with clinicopathological characteristics were observed. The
associations of B7-H4 and PD-L1 positive primary tumors
with clinicopathological characteristics were also investi-
gated. B7-H4 positive tumors were associated with
advanced overall stage (p= 0.004), and PD-L1 positive
primary tumors were associated with dMMR (p= 0.023).

In addition, significant clinicopathological differences
between triple negative and triple positive primary tumors
were observed. We found that triple positive cases were
associated with advanced overall stage (Supplementary
Table S2).

Prognostic significances of B7-H3, B7-H4, and PD-L1

Table 3 shows the Cox regression analyses for DFS and
OS. Univariate analyses found that poor tumor differ-
entiation, stage III-IV, pMMR, adjuvant treatment and
positive B7-H3 expression in primary tumors (Fig. 1a, c)
were significantly associated with decreased DFS and OS
(p < 0.05). Multivariate analyses indicated that B7-H3
expression in primary tumors was an independent prog-
nostic indicator for DFS, but failed to stratify OS. Given
the fact that B7-H3 was significantly correlated to TNM
stage, it was not clear whether advanced TNM stage or B7-
H3 caused the poor prognosis. Thus, we re-assessed the
survival curves after adjustment of TNM stage via
Makuch-Ghali method [38], showing that B7-H3

expression was still significantly associated with worse
DFS, but not OS (Fig. 1b, d).

However, B7-H4 or PD-L1 positive primary tumors were
not significantly related to DFS and OS (Supplementary
Fig. S7).

Tumor-infiltrating lymphocytes and their
associations with B7-H3, B7-H4, and PD-L1
expression

We calculated CD3, CD8, and CD45RO T-cell densities
(cells/mm2) in whole TMA tissues using the HALO analysis
system on 764, 735, and 769 primary tumors, respectively.
T-cell subset densities were as follows: CD3, mean 894,
median 555, interquartile range (IQR) 237–1165; CD8,
mean 224, median 115, IQR 49-278; CD45RO, mean 714,
median 426, IQR 176-974.

As shown in Table 4, B7-H3 positive primary tumors
were significantly related to a higher CD45RO T-cell den-
sity (p= 0.001). CD3 and CD8 T-cell densities were not
significantly related to B7-H3 expression. On the other
hand, both PD-L1 and B7-H4 positive primary tumors were
significantly related to a higher density of CD3 T-cell (p <
0.001 and p= 0.001, respectively). PD-L1 or B7-H4
expression did not exhibit significant relationships with
CD8 and CD45RO T-cell densities. These data suggest that
B7-H3, B7-H4, and PD-L1 positive tumors have different
functions in regulating immune responses in patients with
CRC.

We also assessed the prognostic significance of T-cell
subset densities in CRC. Kaplan–Meier analyses without
adjustment of TNM stage indicated that higher CD3, CD8,
and CD45RO T-cell densities were favorable prognostic
predictors of DFS and OS (Fig. 2).

Discussion

In the current study, we found that B7-H3 showed high
expression at mRNA and protein levels, indicating that

Table 1 B7-H3, B7-H4, and
PD-L1 expression in primary
tumors and matched metastases.

Characteristics Primary tumors positive Primary tumors negative ρ; P

B7-H3 (n= 357) 0.631; <0.001

Metastases positive 143 (40.1%) 19 (5.3%)

Metastases negative 49 (13.7%) 146 (40.9%)

B7-H4 (n= 353) 0.644; <0.001

Metastases positive 84 (23.8%) 11 (3.1%)

Metastases negative 47 (13.3%) 211 (59.8%)

PD-L1 (n= 348) 0.603; <0.001

Metastases positive 74 (21.3%) 16 (4.6%)

Metastases negative 44 (12.6%) 214 (61.5%)
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targeting B7-H3 may be a valid strategy for immunotherapy
in CRC. In our study, B7-H3 protein expression was lower
than published reports demonstrating expression ranging
from 54.3% to 86% [16, 32, 33, 35, 39, 40]. In addition, we
observed mainly B7-H3 cytoplasmic/membrane staining,
without obvious nuclear staining, possibly due to different
analytical methods, antibodies, and sample sizes with
distinct races.

In addition to tumor cells, we found B7-H3 expression in
normal tissues, especially in endothelial cells of the liver,
which was similar to previous studies [17, 20, 28]. Detec-
tion of B7-H3 expression in normal tissues raises concerns
about toxicity. However, two antibodies targeting B7-H3,
MGA271 and 8H9, predominantly bind to tumor cells, with
limited recognition of normal tissues, demonstrating the
safety and effectiveness of targeting B7-H3 in clinical trials

[41–44]. More recently, antibody-drug conjugates and chi-
meric antigen receptor T cells directed at B7-H3 displayed
meaningful anti-tumor activity without obvious toxicity
[20, 29]. These results indicate that antibodies, pre-
ferentially binding to tumor cells, can be safely used in B7-
H3-overxepressing CRC.

Several studies have found that B7-H3 mainly has an
inhibitory function in tumor sites and creates an immuno-
suppressive microenvironment with other immune check-
points [45]. However, co-expression of B7-H3 and B7-H4
or PD-L1 at the protein level was relatively low, which was
similar to the results in lung cancer [18, 19]. These data
indicate that some CRC may use only one immune sup-
pression pathway. Therefore, it may be useful to explore
multi-checkpoint blockade in CRC patients who are unre-
sponsive or resistant to PD-1/PD-L1 inhibitors. Anti-B7-H3

Table 2 Association between clinicopathological features with B7-H3, B7-H4, and PD-L1 expression in primary tumors.

Characteristics n (%) B7-H3 expression B7-H4 expression PD-L1 expression

Positive Negative P value Positive Negative P value Positive Negative P value

All cases 805 410 395 234 571 235 570

Sex 0.310 0.177 0.417

Male 446 (55.4%) 220 (49.3%) 226 (50.7%) 121 (27.1%) 325 (72.9%) 125 (28%) 321 (72%)

Female 359 (44.6%) 190 (52.9%) 169 (47.1%) 113 (31.5%) 246 (68.5%) 110 (30.6%) 249 (69.4%)

Age (years) 0.259 0.947 0.342

<60 432 (53.7%) 228 (52.8%) 204 (47.2%) 126 (29.2%) 306 (70.8%) 120 (27.8%) 312 (72.2%)

≥60 373 (46.3%) 182 (48.8%) 191 (51.2%) 108 (29%) 265 (71%) 115 (30.8%) 258 (69.2%)

Tumor location 0.127 0.945 0.299

Rectum 417 (51.8%) 198 (47.5%) 219 (52.5%) 120 (28.8%) 297 (71.2%) 115 (27.6%) 302 (72.4%)

Left colon 217 (27%) 118 (54.4%) 99 (45.6%) 65 (30%) 152 (70%) 62 (28.6%) 155 (71.4%)

Right colon 171 (21.2%) 94 (55%) 77 (45%) 49 (28.7%) 122 (71.3%) 58 (33.9%) 113 (66.1%)

Tumor differentiation 0.429 0.093 0.607

Well-
moderate

736 (91.4%) 378 (51.4%) 358 (48.6%) 220 (29.9%) 516 (70.1%) 213 (28.9%) 523 (71.1%)

Poor 69 (8.6%) 32 (46.4%) 37 (53.6%) 14 (20.3%) 55 (79.7%) 22 (31.9%) 47 (68.1%)

TNM stage <0.001 0.004 0.089

I-II 342 (42.5%) 146 (42.7%) 196 (57.3%) 81 (23.7%) 261 (76.3%) 89 (26%) 253 (74%)

III-IV 463 (57.5%) 264 (57%) 199 (43%) 153 (33%) 310 (67%) 146 (31.5%) 317 (68.5%)

MMR status 0.926 0.440 0.023

dMMR 68 (8.4%) 35 (51.5%) 33 (48.5%) 17 (25%) 51 (75%) 28 (41.2%) 40 (58.8%)

pMMR 737 (91.6%) 375 (50.9%) 362 (49.1%) 217 (29.4%) 520 (70.6%) 207 (28.1%) 530 (71.9%)

Adjuvant
treatment

0.336 0.953 0.055

No 242 (30.1%) 117 (48.3%) 125 (51.7%) 70 (28.9%) 172 (71.1%) 82 (33.9%) 160 (66.1%)

Yes 563 (69.9%) 293 (52%) 270 (48%) 164 (29.1%) 399 (70.9%) 153 (27.2%) 410 (72.8%)

KRAS
mutationa

0.970 0.313 0.071

Yes 129 (16%) 66 (51.2%) 63 (48.8%) 41 (31.8%) 88 (68.2%) 45 (34.9%) 84 (65.1%)

No 181 (22.5%) 93 (51.4%) 88 (48.6%) 48 (26.5%) 133 (73.5%) 46 (25.4%) 135 (74.6%)

MMR mismatch repair, dMMR deficient mismatch repair, pMMR proficient mismatch repair.
aThree hudred ten patients were available for analysis.
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Table 3 Univariate and multivariate analyses of factors correlated with survival.

Disease-free survival Overall survival

Variables Univariate
analysis

Multivariate analysis Univariate
analysis

Multivariate analysis

P value HR 95% CI P value P value HR 95% CI P value

Sex (male vs. female) 0.111 0.057

Age, years (<60 vs. ≥60) 0.973 0.244

Tumor location (rectum vs. colon) 0.459 0.782

Tumor differentiation (poor vs. well-
moderate)

<0.001 2.748 1.968–3.836 <0.001 <0.001 3.010 2.139–4.236 <0.001

TNM stage (III–IV vs. I–II) <0.001 3.127 2.223-4.398 <0.001 <0.001 2.974 2.075–4.262 <0.001

MMR status (pMMR vs. dMMR) 0.017 2.370 1.377–4.076 0.002 0.018 2.645 1.449–4.827 0.002

Adjuvant treatment (yes vs. no) <0.001 1.168 0.814–1.676 0.398 <0.001 1.025 0.707–1.488 0.895

B7-H3 expression in PT (positive vs.
negative)

<0.001 1.353 1.065–1.718 0.013 0.006 1.277 0.991–1.646 0.059

B7-H4 expression in PT (positive vs.
negative)

0.656 0.621

PD-L1 expression in PT (positive vs.
negative)

0.178 0.570

MMR mismatch repair, dMMR deficient mismatch repair, pMMR proficient mismatch repair, PT primary tumor, HR hazard Ratio, CI confidence
Interval.

Fig. 1 Kaplan–Meier survival curves according to B7-H3 expres-
sion in primary tumors. a Disease-free survival according to B7-H3
expression; b Disease-free survival adjusted for TNM stage; c Overall

survival according to B7-H3 expression; d Overall survival adjusted
for TNM stage.
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mAbs in solid tumors showed promise in a phase I study.
Furthermore, several ongoing studies are focused on the
safety and effectiveness of combination therapy with B7-H3
and PD-1/CTLA-4 inhibitors [43, 46, 47].

Positive associations between primary and metastatic site
expression of B7-H3, B7-H4, and PD-L1 were observed,
although discordant expression was detected in over 16% of
cases. In contrast, Galon et al. showed that primary and
metastases tumor cells presented a heterogeneous immune
environment [48]. Moreover, many studies showed that
immune checkpoints, mainly PD-L1, were more commonly
expressed in metastases than primary sites, including in
CRC patients [49, 50]. Recently, Kudo et al. demonstrated
that brain metastases were associated with an immunosup-
pressed microenvironment and more tumor-associated
macrophages than corresponding primary sites in non-
small cell lung cancer, based on immune profiling and
immune gene sequencing analysis of 39 cases [51]. How-
ever, in a study by Szekely et al., metastatic breast cancers
were associated with an immune inert environment,
including lower tumor-infiltrating lymphocyte counts, lower
immune therapeutic targets, and lower immunotherapy
response signatures, compared with primary tumors [52].
Therefore, whether metastases from primary sites are more
immunosuppressive in CRC remains unclear, and future
work should be conducted to fully explore the genomic and
immune expression features in both primary tumors and
metastatic sites.

Differential T cells in the tumor microenvironment are
crucial in the immune response. Thus, we evaluated CD3,
CD8, and CD45RO T-cell densities associated with B7-H3,

B7-H4, and PD-L1 expression. We showed a significant
relationship between elevated CD3, CD8, and CD45RO T-
cell densities and improved prognosis, similar to previous
studies [53]. In addition, we noticed that tumor cell B7-H3,
B7-H4, and PD-L1 protein levels were associated with
differential lymphocyte infiltration, indicating that immune
checkpoint effects on T cells vary substantially. Although
B7-H3 was originally shown to positively affect T-cell
activation, recent studies demonstrated a potential B7-H3
inhibitory function during T-cell activation, and B7-H3
blockade increased CD8 T-cell infiltration and promoted
functional recovery of cytotoxic T cells [10–12, 45, 54].
However, we found a positive correlation between B7-H3
and CD45RO T-cell density, but not with CD3 and CD8 T-
cell densities. CD45RO, one isoform of CD45, is crucial in
immune cell activation. Previous studies showed that after
T-cell activation, CD45RO expression replaced the silenced
CD45RA, referred to as naive human T cells [55, 56].
CD45RO T cell may regulate the immune response to tumor
cells via activation of T cells. However, whether this
immune activation is further inhibited by B7-H3 over-
expression remains unclear, and future work should be
conducted to identify its receptor to explore the mechanism.

Previous studies suggest that dMMR tumors are asso-
ciated with an active immune environment, a high level of
immune cell infiltration, tumor PD-L1 overexpression, and
favorable prognosis compared with pMMR tumors [57–59].
In our study, we also observed a positive correlation of
dMMR status with favorable prognosis and PD-L1 over-
expression. This may partially explain why cases that were
PD-L1 positive had a higher density of CD3 T-cell in the

Table 4 Association of B7-H3, B7-H4, and PD-L1 expression with tumor-infiltrating lymphocytes in primary tumors.

Characteristics B7-H3 expression B7-H4 expression PD-L1 expression

Positive Negative P value Positive Negative P value Positive Negative P value

CD3 T-cell (n= 764) 0.057 0.001 <0.001

Q1 (0–237/mm2) 81 (20.7%) 109 (29.2%) 37 (16.7%) 153 (28.2%) 40 (17.6%) 150 (27.9%)

Q2 (237–555/mm2) 106 (27.2%) 85 (22.7%) 51 (23%) 140 (25.8%) 47 (20.7%) 144 (26.8%)

Q3 (555–1165/mm2) 101 (25.9%) 91 (24.3%) 66 (29.7%) 126 (23.3%) 55 (24.2%) 137 (25.5%)

Q4 (≥1165/mm2) 102 (26.2%) 89 (23.8%) 68 (30.6%) 123 (22.7%) 85 (37.5%) 106 (19.8%)

CD8 T-cell (n= 735) 0.085 0.185 0.072

Q1 (0–49/mm2) 86 (22.8%) 97 (27.1%) 44 (20.6%) 139 (26.6%) 43 (19.8%) 140 (27%)

Q2 (49–115/mm2) 104 (27.6%) 79 (22.1%) 63 (29.6%) 120 (23%) 54 (24.9%) 129 (24.9%)

Q3 (115–278/mm2) 101 (26.8%) 82 (22.9%) 53 (24.9%) 130 (24.9%) 53 (24.4%) 130 (25.1%)

Q4 (≥278/mm2) 86 (22.8%) 100 (27.9%) 53 (24.9%) 133 (25.5%) 67 (30.9%) 119 (23%)

CD45RO T-cell (n= 769) 0.001 0.276 0.096

Q1 (0–176/mm2) 74 (18.9%) 117 (31%) 47 (20.7%) 144 (26.6%) 44 (19.2%) 147 (27.2%)

Q2 (176–426/mm2) 111 (28.4%) 84 (22.2%) 62 (27.3%) 133 (24.5%) 58 (25.3%) 137 (25.4%)

Q3 (426–975/mm2) 106 (27.1%) 85 (22.5%) 63 (27.8%) 128 (23.6%) 62 (27.1%) 129 (23.9%)

Q4 (≥975/mm2) 100 (25.6%) 92 (24.3%) 55 (24.2%) 137 (25.3%) 65 (28.4%) 127 (23.5%)

Q1 first quartile, Q2 second quartile, Q3 third quartile, Q4 fourth quartile.
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current study. However, B7-H3 expression and MMR status
had no significant association. This suggests that anti-B7-
H3 therapy may be applicable to more patients with CRC,
and not only those with dMMR tumors.

B7-H4 is believed to be a negative regulator of the
immune response and is positively associated with the
infiltration depth and metastasis [60–62]. In the current
study, we found that B7-H4 expression correlates with high
CD3 T-cell density and advanced overall stage, indicating
that B7-H4 may be involved in metastasis. Future work
should focus on the function of B7-H4 in CRC.

Although a meta-analysis conducted by Fan et al. sug-
gested that B7-H3 expression in CRC was associated with
poor survival, B7-H3 expression in different cell sites had
different prognostic significance [34]. Only studies con-
ducted by Ingebrigsten et al. found that B7-H3 was
expressed in the nucleus and nuclear B7-H3 was an inde-
pendent poor prognostic factor, while the prognostic sig-
nificance of nuclear B7-H3 was not further confirmed by
their latter results [32, 39]. Most studies indicated that B7-
H3 was mainly expressed in the cytoplasm/membrane of

tumor cells, with variable impact on survival
[16, 32, 33, 35, 39, 40]. These discrepant results could have
been because of differences in antibodies, methodologies,
and sample sizes. In the current study, we used the validated
antibody (B7-H3, D9M2L) and a large cohort, finding that
B7-H3 expression was mainly detected in cytoplasm/
membrane of tumor cells and was independently associated
with decreased DFS, but not OS, which indicated that CRC
patients expressing B7-H3 are more likely to experience
relapses.

Our study had several limitations. First, it was a retro-
spective study, enrolling Chinese patients from a single-
center setting, which might cause selection bias. However,
the large sample size would make our findings more gen-
eralizable. Second, only colorectal adenocarcinoma was
included in this study, and other tumor subtypes, such as
mucinous and signet-ring cell carcinoma, were excluded,
which might lack representativeness. Thus, relationships
between B7-H3 expression and other histological subtypes
should be investigated in the future. Third, we used TMAs
to explore the immune checkpoints and lymphocyte

Fig. 2 Kaplan–Meier survival
curves according to
differential tumor-infiltrating
lymphocytes in primary
tumors without adjustment of
TNM stage. Disease-free
survival for CD3 (a), CD8 (c),
CD45RO (e) T cells; Overall
survival for CD3 (b), CD8 (d),
CD45RO (f) T cells. Q1–Q4
indicates first to fourth quartile.
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infiltration expression. The results might lack representation
because of tumor heterogeneity. However, increasing stu-
dies measuring immune checkpoints and lymphocyte infil-
tration expression in different tumors using TMAs showed
consistent results, demonstrating the reliability of this
approach [18, 53, 63, 64]. Moreover, we used two different
tumor cores to explore B7-H3 expression and the positive
rates in randomly selected whole tissue sections were con-
sistent with those in TMAs, which showed homogeneous
expression, supporting the reproducibility of our findings.
Fourth, although we performed an extensive analysis of
immune markers in metastases, all primary tumors had only
one matched metastasis. Several studies showed tumor
heterogeneity from different metastases [48, 65], therefore
all available metastases should be collected to make ana-
lyses in the future. In addition, although patients at high risk
for recurrence received adjuvant therapy, different cytotoxic
regimens and cycles might be used. Last, different anti-
bodies and analysis methods used in our study make it
difficult to compare with previous results.

In conclusion, compared with B7-H4 and PD-L1, B7-H3
expression exhibited a higher prevalence and co-expression
of B7-H3 with B7-H4 and PD-L1 was infrequent in primary
tumors. In addition, B7-H3 expression in primary tumors
correlated with their corresponding expression in metastatic
sites. Moreover, B7-H3 expression in primary tumors was
significantly related to advanced overall stage, worse
prognosis, and CD45RO T-cell infiltration, supporting B7-
H3 as a potential immunotherapeutic target in CRC patients.
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