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Abstract
Purpose To associate the global gene expression of B7/
CD28 family transcripts with pathologic features of colon
cancer, we determined the B7/CD28 family transcripts in
peripheral blood mononuclear cells (PBMCs) from normal
subjects and patients with adenomatous polyps and colon
cancer, and correlated the results with pathologic features
of colon cancer.

Methods PBMCs from age-matched normal subjects and
patients with adenomatous polyps and colon cancer were
analyzed for peripheral blood transcripts (PBTs) of B7/
CD28 family using real-time PCR. DiVerences in expres-
sion levels of B7/CD28 PBTs across all cancer stages and
between colon cancer patients with or without microscopic
lymphovascular invasion (LVI) were analyzed.
Results The results showed a signiWcant upregulation of
PBTs of co-inhibitory molecules such as B7-H3 and PD-1
and a signiWcant PBT downregulation of co-stimulatory
molecules including CD28 and ICOS in colon cancer
patients. Furthermore, the increase of B7-H3 PBT was
strongly associated with tumor invasion (P = 0.025) and
advanced TNM stages (P = 0.019), whereas the decline of
co-stimulatory ligand B7-H2 PBT was related to regional
lymph node metastasis (P = 0.028) and aggressive tumor
invasion (P = 0.031). In addition, the ratios of PBT expres-
sion of CD28 family to B7 family such as CTLA-4 to
B7-H2 and PD-1 to B7-H2 were signiWcantly higher in
colon cancer patients with microscopic LVI than in those
without LVI (P = 0.001 and P = 0.016, respectively).
Conclusions Our results suggest that B7/CD28 family
PBTs may serve as valuable markers reXecting the patho-
logical features of colon cancer.

Keywords B7/CD28 family · Peripheral blood transcript · 
Tumor progression · Lymphovascular invasion

Introduction

Co-signaling molecules including B7/CD28 family create a
dynamic network that modulates the initiation, mainte-
nance, and termination of immune responses (Greenwald
et al. 2005). Co-inhibitory ligands such as B7-H1 (PDL-1
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or CD274), B7-H3 (CD276), and B7-H4 (B7x or B7S1) are
ectopically expressed in non-lymphoid tissues, including
various human cancers (Choi et al. 2003; Dong et al. 2002;
Roth et al. 2007). These cancer-associated co-signaling
molecules are believed to be involved in the immune eva-
sion of cancer cells. B7-H1 expressed on cancer cells exerts
negative eVects on cytotoxic T lymphocytes (CTLs) by
inducing CTL apoptosis, anergy, and functional exhaustion
through an engagement of immunosuppressive PD-1 recep-
tor on the CTLs (Dong et al. 2002; Konishi et al. 2004;
Hirano et al. 2005). Recently, immunohistochemical analysis
revealed that B7-H1 expressed on renal and urothelial cell
carcinomas is strongly associated with cancer progression
and a poor patient survival rate (Thompson et al. 2006;
Boorjian et al. 2008). B7-H1 mRNA expression in cancer
tissues was also reported to be of prognostic value in pan-
creatic cancer (Loos et al. 2008). B7-H3, a member of the
B7 family, is reported to play a co-stimulatory or co-inhibi-
tory role, as demonstrated by in vivo studies showing
reduced allograft rejection in B7-H3 KO mice (Wang et al.
2005) or exacerbated autoimmune encephalitis caused by
an in vivo antibody blockade of B7-H3 (Prasad et al. 2004).
Although the function of B7-H3 remains controversial, the
aberrant expression of B7-H3 in prostate cancer, renal cell
carcinoma, and gastric carcinoma tissues is associated with
poor patient prognosis (Wu et al. 2006; Zang et al. 2007;
Crispen et al. 2008). Cancer-associated co-inhibitory mole-
cules, such as B7-H1 and B7-H3, may serve as potent prog-
nostic biomarkers for cancer patients.

Several reports have suggested that the proWle of B7/
CD28 family expression in peripheral blood mononuclear
cells (PBMCs) is likely to reXect functional status of immune
cells of patients or animal hosts with chronic viral infections;
in a mouse model for lymphocytic choriomeningitis virus
(LCMV) infection, PD-1 was upregulated in functionally
impaired virus-speciWc CTLs from mice with chronic, but
not acute, LCMV infection (Barber et al. 2006; Yao and
Chen 2006), reXecting that PD-1 upregulation may be a hall-
mark of functionally exhausted CTLs in chronic viral infec-
tion. Previously, we reported that B7-H1 upregulation on
monocytes in chronic hepatitis C patients is involved in sup-
pressed T cell functions (Jeong et al. 2008), further support-
ing the validity of peripheral blood expression of B7/CD28
family in assessing immune status and disease progression.

Since the prognostic value of cancer-associated co-sig-
naling molecules is based on a direct histological examina-
tion of cancer tissues, there is a need for new markers
derived from PBMCs that can reXect the pathological fea-
tures of cancers. In light of a signiWcant association of B7/
CD28 family expression in peripheral blood cells with dis-
ease progression in chronic viral diseases, in the present
study, we analyzed the global gene expression proWles of
peripheral blood transcripts (PBTs) of B7/CD28 family

members that are associated with clinicopathological fea-
tures such as tumor progression and microscopic invasion
into lymphovascular structures.

Materials and methods

Patient selection and pathology information

All peripheral blood samples from patients and normal sub-
jects were collected according to the procedures approved
by the institutional review board of Paik Hospital, Inje Uni-
versity, Korea. One hundred and three patients with colon
cancer who underwent surgical treatment at the Department
of Surgery were enrolled in this study. Preoperative clinical
and laboratory features included age, sex, and serum carci-
noembryonic antigen (CEA) concentration. Pathologic fea-
tures of colon cancers, including the 2002 primary tumor
classiWcation, regional lymph node involvement, distant
metastasis, TNM stage groupings, and microscopic inva-
sion into lymphovascular structure, were based on postop-
erative histopathologic Wndings (Table 1). Tumors were

Table 1 Clinical and pathologic features for colon cancer patients

Feature n

Age

>65 51

·65 52

Sex

Male 59

Female 44

2002 primary tumor classiWcation

Tis-T1 10

T2 12

T3 75

T4 5

Lymph node involvement

N0 62

N1/N2 41

Distant metastases

M0 103

M1 0

TNM stage grouping

0 4

I 17

II 41

III 41

Lymphovascular invasion

Positive 55

Negative 43
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staged according to the American Joint Committee on
Cancer (AJCC) TNM staging system. For participants
undergoing colonoscopic examination at the Department of
Internal Medicine between 2007 and 2008, blood samples
were generally drawn in a fasting state immediately before
the procedure. Based on the histological results of colonos-
copy, age-matched participants were classiWed into one of
two mutually exclusive categories: normal colonoscopy
(n = 30) and adenomatous polyps (n = 33). In addition, age-
matched normal subjects and patients with adenomatous
polyps who were enrolled in the study did not have clinical
manifestations of chronic diseases such as diabetes, hepati-
tis, tuberculosis, or autoimmune diseases such as rheuma-
toid arthritis or systemic lupus erythematosus at the time of
colonoscopic examination.

Preparation of peripheral blood total RNA and cDNA

PBMCs were puriWed by gradient centrifugation of hepa-
rinized blood using Ficoll-Hypaque. Total RNA was
extracted using a QIAamp RNA Blood Mini Kit (Qiagen,
Hilden, Germany). First-strand cDNA was synthesized by
reverse transcription with a High-Capacity RNA-to-cDNA
Kit (Applied Biosystems, USA), according to the manufac-
turer’s instructions.

Quantitative real-time PCR (qRT-PCR)

All of the primers and probes for the B7/CD28 family
members and the PCR master mix were purchased from
Applied Biosystems (USA). Expression of target genes was
measured via qRT-PCR using an ABI Prism 7900
Sequence Detection System (Applied Biosystems, Foster
City, CA, USA), according to the manufacturer’s instruc-
tions. The thermal cycling program used for qRT-PCR was
as follows: 50°C for 2 min and 95°C for 10 min followed
by 40 cycles of 95°C for 15 s and 60°C for 1 min. Glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) was used as
an endogenous control. Gene expression levels were calcu-
lated as a relative quantiWcation using standard curves gen-
erated by serial dilutions of human cancer cell line cDNAs
containing each target gene. All analyses were carried out
in duplicate.

Statistical analysis

The expression of B7 and CD28 family PBTs was com-
pared among three subjective groups and between colon
cancer patients with or without microscopic LVI using the
Mann–Whitney U test. DiVerences in expression levels of
co-signaling molecules across all cancer stages were ana-
lyzed using the Kruskal–Wallis test. All statistical investi-
gations were performed using the Statistical Package for

the Social Sciences (SPSS version 13.0 for Windows,
Chicago, IL, USA) and MedCalc Statistical Software (version
9.6.4.0 for Windows, Mariakerke, Belgium).  P < 0.05 was
considered statistically signiWcant.

Results

Expression analysis of B7/CD28 family PBTs

We Wrst examined the blood transcript levels of each B7/
CD28 family member using real-time PCR. Unlike the
previous results showing the upregulation of cancer-asso-
ciated co-inhibitory ligands such as B7-H1, B7-H3, and
B7-DC, PBT expression of B7-H3, but not B7-H1 and
B7-DC, was signiWcantly higher in colon cancer patients
than in normal subjects (P = 0.028, Fig. 1). Rather, B7-DC
PBTs were downregulated in colon cancer patients com-
pared to normal subjects (P = 0.044). However, there was
no signiWcant diVerence in PBT levels of the rest of B7
family ligands between normal subjects and colon cancer
patients (Fig. 1). PBT expression of CD28 family recep-
tors were diVerentially expressed in colon cancer patients;
co-stimulatory receptors including CD28 and ICOS were
transcribed at a lower level (P < 0.001, P = 0.009, respec-
tively) and co-inhibitory PD-1 PBT was signiWcantly
higher in colon cancer than in normal subjects (P < 0.001).
Interestingly, unlike PD-1, PBT expression of co-inhibi-
tory receptors such as CTLA-4 and BTLA was signiW-
cantly lower in colon cancer patients than in normal
subjects (P = 0.010, P = 0.002, respectively). We also
compared the PBT expression of B7/CD28 family between
patients with adenomatous polyps and normal subjects.
There was a signiWcant downregulation of B7-2, B7-DC,
CD28, and ICOS and a signiWcant upregulation of PD-1 in
patients with adenomatous polyps compared with normal
controls. In addition, the result showed a signiWcant upreg-
ulation of B7-H3 PBT (P = 0.013) and downregulation of
BTLA (P < 0.001) in colon cancer patients compared to
those with adenomatous polyps. Interestingly, B7-H4
PBTs were not detectable after qRT-PCR using Taqman
primers and probes for exons three and four of B7-H4
(data not shown).

We also evaluated B7/CD28 family PBTs for discrimi-
nation of colon cancer patients from normal subjects using
ROC curves. The area under the curve (AUC) values
obtained by ROC curve analysis were higher for CD28
family than for B7 family. The average AUC for B7 family
versus CD28 family was 0.56 § 0.06 versus 0.69 § 0.03
(P = 0.005). The highest AUC to identify colon cancer
patients was found for BTLA (0.725) followed by CD28
(0.723) and PD-1 (0.703). Interestingly, as shown in Fig. 2,
the multivariate logistic regression ROC curve for
123



1448 J Cancer Res Clin Oncol (2010) 136:1445–1452
combined co-signaling molecule PBTs greatly enhanced
AUC values to discriminate colon cancer patients with
TNM stage I and II, and normal subjects; PD-1 in combina-
tion with CD28 and BTLA PBTs yielded AUC values of
0.837 (95% CI, 0.764–0.895) and 0.804 (95% CI, 0.727–
0.867), respectively, signiWcantly higher than that of each
PD-1 and CD28 PBT alone. A similar enhancement of
AUC value was observed in the analysis of ROC curve for
combined co-signaling molecule PBTs in the colon cancer
patients with any TNM stages and normal subjects (data not
shown).

B7/CD28 family PBTs and primary colon cancer pathology

We compared the PBT expression of B7/CD28 family
members with pathologic features of colon cancer includ-
ing tumor invasion staged according to the 2002 primary
tumor classiWcation and AJCC TNM staging system, and
lymph node involvement. Among the co-signaling mole-
cules examined, only B7-H3 showed a signiWcant upregula-
tion of PBT with increasing tumor invasion (Table 2); the
median B7-H3 PBT value from colon cancer patients with
Tis/T1, T2, and T3/T4 stage cancers was 0.188, 0.29, and

Fig. 1 Expression of peripheral 
blood transcripts of B7/CD28 
family members. Total RNA 
was extracted from PBMCs of 
normal subjects and patients 
with adenomatous polyps or 
colon cancer. Quantitative real-
time PCR for B7/CD28 family 
was performed. Gene expression 
levels were calculated as a rela-
tive quantiWcation using stan-
dard curves generated by serial 
dilutions of human cancer cell 
line cDNAs containing each 
target gene (N normal subjects, 
P patients with adenomatous 
polyps, C patients with colon 
cancer)

Fig. 2 ROC curve analysis of 
combined PD-1 and CD28 or 
BTLA for diVerentiation of 
patients with TNM stage I and II 
colon cancer from normal 
subjects
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0.35, respectively (P = 0.025). Additionally, the median
B7-H3 PBT value from cancer patients with TNM stages 0,
I, II, and III also signiWcantly increased to 0.18, 0.27, 0.32,
and 0.42, respectively (P = 0.019). Elevated B7-H3 PBT
level was observed in colon cancer patients with regional
lymph node involvement; however, this trend was not sta-
tistically signiWcant (P = 0.262). Contrast to B7-H3 PBT,
the median value of B7-H2 PBT from patients with TNM
stage 0, I, II, and III colon cancers signiWcantly decreased
to 9.74, 6.0, 5.31, and 4.65, respectively (P = 0.031). In
addition, a signiWcant decline in the median B7-H2 PBT
level was also observed in patients with colon cancer that
was extended into regional lymph nodes (P = 0.028). The
median value of B7-H2 PBT decreased in colon cancer
patients with Tis/T1, T2, and T3 cancers, but, the decrease
did not reach statistical signiWcance (P = 0.126). No clear
relationship was observed between the PBT levels of the
rest of B7/CD28 family and the pathologic features such as
tumor invasion and regional lymph node involvement;
however, there was a tendency for CTLA-4 and ICOS
PBTs to decrease across all TNM stages (Table 3). B7/
CD28 family PBTs did not vary according to age or sex in
colon cancer patients with the exception of B7-H2; colon
cancer patients over age 65 showed a signiWcant increase in
B7-H2 PBT expression compared to the patients at age 65
or less (P = 0.042) (Table 2). No statistically signiWcant
correlations were observed between B7/CD28 family PBT

expression and serum CEA concentrations (data not
shown).

B7/CD28 family PBTs and lymphovascular invasion 
of colon cancer

We next examined whether the co-signaling molecule
PBTs discriminate colon cancer patients with LVI (n = 55)
from those without LVI (n = 43). ROC curves used the
microscopic invasion into adjacent lymphovasculature as
the end point for discrimination. No signiWcant relationship
was observed between single PBT level of B7/CD28 family
and the presence of microscopic LVI in primary colon can-
cer patients (data not shown). However, ROC curve analy-
ses showed that the PBT ratios of co-inhibitory receptor to
B7 family were able to discriminate colon cancer patients
with microscopic LVI from those without LVI. SpeciW-
cally, the highest AUC to detect colon cancer patients with
LVI was found for the ratio of CTLA-4 to B7-H2
(AUC = 0.690, 95% CI = 0.588–0.780) followed by the
PBT ratio of PD-1 to B7-H2 (AUC = 0.643, 95%
CI = 0.539–0.737), and CTLA-4 to B7-1 (AUC = 0.623,
95% CI = 0.519–0.719). However, ROC curves for the
PBT ratios of co-inhibitory receptors other than CTLA-4
and PD-1 to B7 family was not statistically signiWcant (data
not shown). Consistent with this Wnding, the median value
of the PBT ratio of CTLA-4 to B7-H2 was signiWcantly

Table 3 Associations of the expression levels of peripheral blood transcripts of CD28 family with clinical and pathologic features for 103 colon
cancer patients

Feature CD28 CTLA4 ICOS PD-1 BTLA

Median (range) P Median (range) P Median (range) P Median (range) P Median (range) P

Age

>65 5.75 (1.64–10.62) 0.480 0.96 (0.26–1.52) 0.678 0.93 (0.26–2.55) 0.209 4.80 (1.55–11.60) 0.769 0.76 (0.24–2.82) 0.359

·65 4.88 (1.18–9.67) 0.91 (0.18–2.27) 0.85 (0.19–2.01) 5.02 (1.02–14.48) 0.67 (0.12–2.56)

Sex

Male 5.66 (1.18–10.40) 0.655 0.94 (0.18–2.27) 0.808 0.93 (0.27–2.55) 0.714 4.79 (1.02–12.17) 0.507 0.76 (0.12–2.56) 0.834

Female 5.03 (1.57–10.62) 0.94 (0.22–1.81) 0.90 (0.19–2.30) 5.12 (1.88–14.48) 0.69 (0.14–2.82)

2002 primary tumor classiWcation

Tis and T1 5.04 (1.64–6.90) 0.453 1.00 (0.26–1.38) 0.996 0.94 (0.38–2.14) 0.610 4.38 (2.62–9.32) 0.551 0.64 (0.35–2.13) 0.70

T2 5.97 (4.09–8.55) 0.91 (0.62–1.48) 1.14 (0.44–2.01) 3.84 (1.80–9.15) 0.76 (0.54–1.89)

T3 and T4 5.49 (1.18–10.62) 0.93 (0.18–2.27) 0.89 (0.19–2.55) 5.12 (1.02–14.48) 0.72 (0.15–2.82)

Lymph node involvement

N0 4.88 (1.18–10.62) 0.334 0.94 (0.18–1.80) 0.609 0.97 (0.26–2.55) 0.228 4.85 (1.02–12.17) 0.644 0.67 (0.12–2.82) 0.405

N1/N2 5.87 (1.57–9.53) 0.87 (0.22–2.27) 0.82 (0.19–2.25) 5.59 (1.55–14.48) 0.80 (0.14–2.56)

TNM stage grouping

0 5.14 (4.03–6.60) 0.553 1.05 (0.76–1.31) 0.819 1.00 (0.78–2.14) 0.594 6.29 (3.12–9.32) 0.866 0.92 (0.61–2.13) 0.5

I 5.36 (1.64–8.55) 0.96 (0.26–1.48) 0.98 (0.38–2.01) 4.76 (1.80–9.15) 0.71 (0.34–1.89)

II 4.5 (1.18–10.62) 0.93 (0.18–1.80) 0.93 (0.26–2.55) 4.90 (1.02–12.17) 0.66 (0.12–2.82)

III 5.87 (1.57–9.53) 0.87 (0.22–2.27) 0.82 (0.19–2.25) 5.59 (1.55–14.48) 0.8 (0.14–2.56)
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higher in LVI-positive colon cancer patients than in LVI-
negative patients (0.22 vs. 0.14, P = 0.001) (Table 4). We
also found that the PBT ratios of PD-1 to B7-H2 and
CTLA-4 to B7-1 showed signiWcantly higher median val-
ues in colon cancer patients with LVI than in those without
LVI (for PD-1 to B7-H2 ratio, 1.17 vs. 0.81, P = 0.016; for
CTLA-4 to B7-1 ratio, 1.0 vs. 0.8, P = 0.038).

Discussion

In this study, we demonstrate the global gene expression of
B7/CD28 family blood transcripts in normal subjects and
patients with adenomatous polyps and colon cancer. Our
results reveal a signiWcant downregulation of co-stimula-
tory ligands and receptors such as B7-2, B7-DC, CD28, and
ICOS and a signiWcant upregulation of co-inhibitory recep-
tor PD-1 in patients with adenomatous polyps compared
with normal controls. This result suggests that expression
proWles of B7/CD28 family related to an immunosuppres-
sive status is already established even in patients with ade-
nomatous polyps. In addition, the global gene expression
proWles also show that blood transcripts of B7-H3 and PD-1,
co-inhibitory molecules associated with poor prognosis
in cancer patients, are signiWcantly upregulated, whereas
transcripts of co-stimulatory receptors including CD28 and
ICOS are downregulated in colon cancer patients. This
result is in line with the previous studies showing that
upregulation of co-inhibitory molecules in tumor tissues or
increase of soluble forms of co-inhibitory molecules in
peripheral bloods from cancer patients has prognostic val-
ues to predict clinical outcomes in patients with various
cancers including renal carcinoma (Thompson et al. 2006),
pancreatic cancer (Loos et al. 2008), esophageal carcinoma
(Ohigashi et al. 2005), and ovarian cancer (Simon et al.
2007). Therefore, our data suggest that blood transcript of
co-signaling molecules in colon cancer patients can reXect
the expression proWle of cancer-associated co-signaling

molecules in peripheral tumor tissues. This notion can be
explained by the previous reports that cytokines from tumor
microenvironment aVect the expression of co-inhibitory
molecules on tumor cells; cancer-associated B7-H1 is
upregulated by IL-10 and VEGF (Curiel et al. 2003), and
B7-H4 expression on tumor macrophages is increased by
IL-6 and IL-10 (Kryczek et al. 2006). Thus, it is reasonable
to speculate that blood transcripts of B7/CD28 family in
cancer patient immune cells may be diVerentially regulated
by the tumor-derived cytokines, reXecting expression pat-
terns of co-signaling molecules in tumor microenviron-
ment. Further study is needed to validate the correlation of
blood transcript expression with tissue expression of co-
signaling molecules in cancer patients. Our results also
demonstrate that combining two diVerent co-signaling mol-
ecule PBTs greatly improves the ability to diVerentiate
patients with early stage colon cancer from normal subjects.
For example, combination of PD-1 and CD28 PBTs is more
likely to discriminate patients with TNM stage I and II
colon cancer from normal subjects compared to each PBT
alone. However, due to overlapping PBT expression
between normal subjects and patients with adenomatous
polyps or colon cancer, it is unlikely that each B7 and
CD28 PBT would be an eVective screening method for
detection of the presence of colon cancer and adenomatous
polyps.

Our results also indicate that B7 rather than CD28 family
PBTs are associated with tumor progression. SpeciWcally,
PBT expression of B7-H2, a co-stimulatory ligand, is sig-
niWcantly downregulated in colon cancer patients with
lymph node involvement compared with those without
lymph node metastasis. Furthermore, a signiWcant decrease
of B7-H2 blood transcript is seen in patients with advanced
colon cancer stage compared with the patients with early
stage of colon cancer. Interestingly, although B7-H2 PBT
proWle does not discriminate colon cancer patients from
normal subjects; its expression in colon cancer patients is
negatively associated with pathological features, including
regional lymph node metastasis and aggressive tumor pro-
gression. For some reasons, B7-H2 blood transcript is
increased in old colon cancer patients over age 65. In con-
trast, PBT level of B7-H3, a co-inhibitory ligand associated
with poor prognosis of cancer patients, shows a strong
association with more aggressive tumor invasion and
advanced TNM stage, as evidenced by a signiWcant upregu-
lation of B7-H3 PBT in colon cancer patients with
increased tumor invasion or advanced TNM stage com-
pared with the patients with Tis/T1 and T2 primary tumor
classiWcation or early TNM stage. Although PBT expres-
sion of PD-1 is signiWcantly upregulated in colon cancer
patients, it is not associated with colon cancer progression.
Therefore, co-signaling ligand PBTs, such as B7-H2 and
B7-H3, may serve as valuable markers reXecting the

Table 4 Associations of the ratios of CD28 family to B7 family
transcripts in colon cancer patients with or without lymphovascular
invasion

a Values are median (range)

Gene ratio Lymphovascular invasion (LVI)a P value

Positive (n = 55) Negative (n = 43)

CTLA-4 to B7-H2 0.22 (0.05–0.92) 0.14 (0.04–0.43) 0.001

PD-1 to B7-H2 1.17 (0.31–4.23) 0.81 (0.19–2.83) 0.016

CTLA-4 to B7-1 1.00 (0.20–3.09) 0.80 (0.18–2.51) 0.038

CTLA-4 to B7-2 0.16 (0.04–0.32) 0.13 (0.04–0.35) 0.043

PD-1 to B7-1 5.87 (1.09–23.5) 4.01 (0.67–14.5) 0.140

PD-1 to B7-2 0.81 (0.24–3.45) 0.57 (0.16–5.29) 0.113
123



1452 J Cancer Res Clin Oncol (2010) 136:1445–1452
pathological features of colon cancer. Despite inability of
each PBT to discern LVI-positive colon cancer patients
from LVI-negative patients, the ratios of PBT expression of
CD28 family to B7 family members, especially those of
CTLA-4 to B7-H2 and PD-1 to B7-H2, enables discrimina-
tion of patients with microscopic LVI-positive cancers
from those with LVI-negative cancers, indicating that the
PBT ratios, rather than each PBT alone, of B7/CD28 family
have a signiWcant predictive value for cancerous micro-
scopic invasion. Thus, blood transcripts of B7/CD28 family
may be complementary to immunohistochemical analysis
for the pathological features of cancer in the context of pre-
dictive measure able to reXect the cancer progression.

To our knowledge, this study is the Wrst to report on the
relationship between B7/CD28 family blood transcripts and
the pathological features of colon cancers, such as aggres-
sive tumor progression and microscopic LVI. The major
shortcomings of our study include the relatively small num-
ber of peripheral blood samples examined and uneven
TNM cancer stage distribution among patients. Neverthe-
less, we found strong associations between the expression
of B7/CD28 family transcripts and the pathological features
in colon cancer patients. A long-term follow-up study is
needed to determine whether B7/CD28 family PBT expres-
sion is correlated with clinical outcome.
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