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Decreased expression of TFPI-2 correlated with
increased expression of CD133 in cholangiocarcinoma
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Abstract: Background: Recent findings suggest decreasing TFPI-2 expression plays a significant role in inhibiting
cell migration and tumor invasion. The clinicopathological significance of the expression of TFPI-2 and its possible
correlation with the expression of CD133 in cholangiocarcinoma remains to be solved. Methods: We investigated if
TFPI-2 was involved in the clinicopathological significance of cholangiocarcinoma. An immunohistochemical method
was used to detect 218 cases of cholangiocarcinoma, 30 para-neoplastic and 20 normal bile ducts for their expres-
sion status of TFPI-2 and CD133, and then the results were analyzed with the patient’s age, sex, tumor site and the
histological grade, clinical stage as well as overall mean survival time. Results: Compared with the para-neoplastic
and normal cholangiocytes, the expression of TFPI-2 was obviously decreased while the expression of CD133 in
carcinoma cells was increased. Carcinomas with low expression of TFPI-2 were significantly corresponding to the
tumor site (P = 0.006), size (P = 0.005), histological grade (P = 0.0001) and clinical stage (P = 0.0001), but not to
the age (P =0.066) and sex (P = 0.411), respectively. By Kaplan-Meier survival analysis, the low expression of TFPI-2
was significantly correlative with the overall survival time (P = 0.0001). Further, the expression of TFPI-2 was found
inversely correlative with the expression of CD133 (g = -0.3876, P < 0.0001). Conclusions: Our finding suggests
that the decreased expression of TFPI-2 may play an important role in the carcinogenesis and progression, and may
become a new adjunct marker in the diagnosis and prognosis in cholangiocarcinoma. The expression of TFPI-2 may
be inversely correlative with the expression of CD133.
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Introduction tumor-free 5-year survival rate of 13.3%. Among

the variously different causes for incidence, the

Cholangiocarcinoma is one of the most aggres-
sive malignancies, with an extremely poor prog-
nosis. It is because that by the time of becom-
ing clinically evident, most cancers of the biliary
tract will have grown beyond the limits of cura-
tive resection. Complete resection looks the
only potentially curative therapy for all types of
biliary tract neoplasms. In prognosis, although
5-year survival rates for intrahepatic and distal
cholangiocarcinomas are generally better than
those for perihilar carcinomas (30-40%,
20-30%, and 9-18%, respectively) [1, 2], stage-
related 5-year survival rates seem more com-
parable. The morbility of bile duct cancer is as
if different in the different country, the different
area, and the different races [3]. In China, the
number of this kind of rare carcinoma in
Western country obviously increases with the

hepatitis virus infection, especially hepatitis C
virus (HCV), the chronic biliary infects of intesti-
nal source, the primary desmoplastic cholangi-
tis, the bile duct lithiasis, the infection of the
Clonorchis sinensis, and the worse environmen-
tal carcinogens are possibly the pathogenesis
factors for Chinese cholangiocarcinoma pati-
ents. Advances in biological research, especial-
ly those in mutation-independent activation of
the Hedgehog pathway [4], have provided inter-
esting information on the carcinogenesis of this
rare tumor. Furthermore, these results bring us
the opportunity of development of future tar-
geted therapies in biliary tract cancer. However,
early pathologic diagnosis is still difficult in
these highly desmoplastic, submucosal, infil-
trating cancers, and sensitivity for the diagno-
sis of cholangiocarcinoma is only 30% for cytol-
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ogy to 40 to 70% for combined brush cytology
and biopsy, making a negative result virtually
useless [1, 2]. This reality has raised therapeu-
tic problem, and new early diagnostic tools and
therapeutic techniques in this disease are
urgently needed.

Tissue factor pathway inhibitor-2 (TFPI-2), a
32-kDa broad-spectrum Kunitz-type serine pro-
teinase inhibitor, abundantly produced by a
variety of human tissues and directionally
secreted into their extracellular matrix (ECM)
[5-7]. Proteolytic degradation of the extracellu-
lar matrix (ECM) is considered to be an essen-
tial step in tumor growth and metastasis.TFPI-2
is thought to negatively regulate the enzymatic
activity of ECM-associated trypsin, plasmin,
and Vlla-tissue factor complexly to protect the
ECM stability [8].

In humans, TFPI-2 gene is located on chromo-
some 7q22, and consists of three Kunitz-type
serine proteinase inhibitory domains similar to
the classical tissue factor pathway inhibitor
(TFPI-1). While the first Kunitz-type domain of
TFPI-2 appears to contain the main inhibitory
activity towards a number of serine proteinases
[9]. The degradation of ECM involves a variety
of proteases, particularly metalloproteinases
(MMPs). MMPs take part in virtually all events
of ECM remodeling. It is reported that upregula-
tion the expression of MMPs strongly associat-
ed with the progression of several malignan-
cies, including cervical cancer [10]. TFPI-2 has
also been reported to effectively regulate
MMPs activity by inhibiting activation of proM-
MPs by trypsin-like serine proteinases [11].
TFPI-2 gene promote contains a complete CpG
island region of at least 220-bp. It is observed
that the TFPI-2 expression, decreasing or even
diminishing, attributed to promoting hyper-
methylation in nasopharyngeal carcinoma [12].
Recent findings suggest decreasing TFPI-2
expression plays a significant role in inhibiting
cell migration and tumor invasion by a mecha-
nism that involves its inhibitory activity [13, 14].
Recently it has been reported that TFPI-2 inhib-
its the growth and invasion of hepatocellular
carcinoma cells and is inactivated in human
hepatocellular carcinoma; and furthermore,
adenovirus-mediated gene transfer of tissue
factor pathway inhibitor-2 inhibits gallbladder
carcinoma growth in vitro and in vivo. However,
the expression of TFPI-2 has not yet been stud-
ied in cholangiocarcinoma. We wonder if TFPI-2
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is a putative tumor suppressor in cholangiocar-
cinoma and thus the significance of expression
of TFPI-2 in cholangiocarcinoma needs further
explored.

CD133 is one of the most important cancer-
initiating (stem) cell markers [15-17] and was
confirmed to be expressed in solid cancers
such as colon cancer [18] and brain tumors
[19, 20]. There has been a group of research on
CD133 in cholangiocarcinoma from Japan [21],
Thailand [22] and China [23], indicating that
CD133 expression tends to be related to higher
incidences of metastasis; and CD133 is inde-
pendently related to worse prognosis in cholan-
giocarcinoma. However, there is no investiga-
tion in the relationship between TFPI-2 and
CD133 in cholangiocarcinoma to date. It is
interesting that if there is any association
between TFPI-2 and CD133. We performed an
immunohistochemical study to investigate the
possible role of the TFPI-2 in clinicopathology
and prognosis in two hundred-eighteen cases
of cholangiocarcinoma, and then to analyze the
possible relationship between the expression
of TFPI-2 and CD133. It is hoped that the study
will give information on the pathogenesis of this
disease.

Materials and methods
Patients and specimens

Two Hundred and eighteen cases of cholangio-
carcinoma tissue samples derived from a
cohort of patients who had undergone surgery
for cholangiocarcinoma, 30 cases of the corre-
sponding para-neoplastic bile duct tissue and
20 cases of normal bile ducts with inflamma-
tion were retrieved from the archival file of the
Department of Pathology, Chinese People’s
Liberation Army (PLA) General Hospital. Each
tissue specimen was histologically evaluated
by at least two experienced pathologists. The
carcinoma patients included 130 men and 88
women with the age from 17~73 (mean = 53.6;
median = 56.0) years old. In tumor location, 53
were intrahepatic, 103 perihilar, and 62 distal
cholangiocarcinomas. Tumor grading and stag-
ing was performed by applying WHO and UICC
criteria, and in grading, 69 was at grade 1, 91
at grade 2 and 58 at grade 3; in staging, 7 was
at stage |, 95 at stage Il, 88 at stage lll and 28
at stage IV. Ethical approval for the study was
not required by our institution as the experi-
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Figure 1. Expression of TFPI-2 in cholangiocarcino-
ma. TFPI-2 was lowly expressed positive in the mem-
brane and cytoplasm of cancer cells in cholangiocar-
cinoma. (TFPI-2 x400).

ments carried out did not relate to patient’s pri-
vacy, impairment and treatment.

Immunohistochemical analysis

Paraffin tissue sections, 4 um in thickness,
were cut, dewaxed in xylene and rehydrated in
a graded ethanol series. Then sections were
immersed in 3% hydrogen peroxide in methanol
for 10 minutes to block endogenous peroxi-
dase activity and rinsed in running water. They
were then immersed in boiling 0.01 M citrate
buffer (pH 6.0) in a pressure cooker. The pres-
sure cooker was then sealed and brought to full
pressure. The heating time was 2 minutes.
After that, the pressure cooker was de-pres-
sured and cooled under running water. The lid
was then removed, and the hot buffer was
flushed out with cold water from a running tap.
The cooled sections were washed twice in
phosphate buffered saline (PBS) before immu-
nohistochemical staining. The primary antibod-
ies were then added to the sections and then
the sections were incubated at 4°C overnight in
a humidified chamber with monoclonal mouse
antibody against human TFPI-2 (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) and poly-
clonal rabbit antibody against human CD133
(Abcam Inc., Cambridge, MA, USA) diluted
1:100 in blocking solution. After exposure to
primary antibody, the sections were allowed to
react with the poly peroxidase-anti-mouse/rab-
bit IgG for 20 minutes by the standard non-bio-
tin PV-6000 Polymer Detection System (Zymed
Laboratories Inc., South San Francisco, CA).
The sections were then washed in water, coun-
ter-stained with Mayer’'s haematoxylin for one
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minute at room temperature, dehydrated,
cleaned and finally mounted. Paraffin blocks of
human breast ductal carcinoma tissues were
used as the positive controls. Negative controls
were sections treated the same as above but
with omission of the primary antibody and
replaced by 0.01 M PBS. For immunohisto-
chemical evaluation of TFPI-2 and CD133,
membranous and cytoplasmic labeling of tumor
cells was classified as either negative. In scor-
ing expression of TFPI-2 and CD133 protein,
both the extent and intensity of immunopositiv-
ity were considered, according to Hao et al.
[24]. The intensity of positivity was scored as
follows: O, negative; 1, weak; 2, moderate; 3,
strong. The extent of positivity was scored as
follows: O, < 5%; 1, > 5-25%; 2, > 25-50%; 3, >
50-75%; 4, > 75% of the cells in the respective
lesions. The final score was determined by mul-
tiplying the intensity of positivity and the extent
of positivity scores, yielding a range from 0 to
12. Scores > 4 were defined as high expression
pattern. Scores < 4 were recorded as low
expression pattern.

Statistical analysis

Fisher's exact test, Pearson Chi square’s test,
Spearman’s correlation coefficient test for
trends in proportions and Kaplan-Meier meth-
od with Log rank test or Cox regression method
for univariate or multivariate overall survival
analysis were used to assess the associations
between TFPI-2 or CD133 expression and path-
ological indices. A P < 0.05 was considered sta-
tistically significant.

Results

TFPI-2 expression in normal, para-neoplastic
bile duct tissue and cholangiocelluar car-
cinoma

TFPI-2 protein was expressed high or positive
diffusely in the membrane and cytoplasm of
cholangiocytes in all thirty para-neoplastic and
twenty normal bile ducts. In carcinoma, TFPI-2
was expressed diffusely in the membrane and
cytoplasm of cancer cells in one hundred and
four out of two hundred-eighteen cases (47.7%).
The expression of TFPI-2 was low and negative
in 114 (52.3%) cases of carcinoma (Figure 1).
Most poorly-differentiated cancer cells were
negative for TFPI-2 protein. There was a statisti-
cal difference between cholangiocarcinomas
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Table 1. The relationship between expression of TFPI-2 or CD133 and clinicopathological features

o . TFPI-2 CD133
Clinicopathological features parameter — P - P
low high low high
Age > 60 47 30 0.066 33 44 0.395
<60 67 74 70 71
Sex Man 71 59 0.411 58 72 0.407
Woman 43 45 45 43
Tumor site Intrahepatic 37 16 0.006 22 31 0.068
Perihilar 52 51 44 59
Distal 25 37 37 25
Size <2cm 45 58 0.005 60 43 0.003
>2<5cm 50 41 37 54
>5cm 19 5 6 18
Grade 1 18 51 0.0001 45 24 0.0001
2 53 38 42 49
3 43 15 16 42
TNM | 3 4 0.0001* 5 2 0.0001~
Il 34 61 57 38
111 56 32 35 5322
\% 21 7 6 16.9
Survivalz Mean (months) 16.8 31.1 0.0001 31.2 0.0001
*: |~1l vs l1~IV.
Survival Functions and para-neoplastic or normal
v o TFPI2 bile ducts (P < 0.0001).
if%?censored Relation.ship between TFRI-2
— 1.00-censored expression and age, sex, site,
057 size, histological grade, clini-
cal stage and prognosis
2 os In this group of 218 cholangio-
% carcinomas, TFPI-2 low expres-
E sion was correlative with tumor
O 04 site (P =0.006) and tumor size
(P =0.005) but not with age (P
= 0.066) and sex (P = 0.411)
0.27 (Table 1). The percentage of
carcinomas with low expres-
sion of TFPI-2 increased from
0.07 26.1% (18 of 69) in well-differ-

T T T T T T T
0.00 10.00 20.00 30.00 40.00 50.00 60.00

Survival time(months)

Figure 2. Kaplan-Meier survival analysis by TFPI-2 status (n = 218). The y-ax-
is represents the percentage of patients; the x-axis, their survival in months.
The green line represents TFPI-2- high expressive patients with a trend of
better survival than the blue line representing TFPI-2- low expressive pa-
tients (Log rank = 45.149; P = 0.0001). Mean overall survival (OS) time was
31.1 months for the TFPI-2-high expressive group and 16.8 months for the
TFPI-2- low expressive group.

entiated cancers (grade 1) to
58.2% (53 of 91) in moderate-
ly differentiated cancers (gra-
de 2) and to 74.1% (43 of 58)
in poorly differentiated can-
cers (grade 3), thus this asso-
ciation of increased histologi-
cal grade of tumors with low
expression of TFPI-2 was sta-
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Figure 3. Expression of CD133 and TFPI-2 protein in cholangiocarcinoma. CD133 was highly expressed (A) but TFPI-
2 was negatively expressed (B) in the same cancerous glands in moderately differentiated cholangiocarcinoma.

(CD133, TFPI-2 x400).

Survival Functions
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Cum Survival
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ence in overall mean survival
cD133 time between the carcinomas
o0 with TFPI-2 low expression
i .163?6%30[“ (16.8 months) and those with
—1— 1.00-censored high expression (31.1 months)
(Log rank = 45.149; P =
0.0001) (Figure 2). It was sug-
gested that the TFPI-2 low
expression was significantly
related to the cancers with
shorter mean survival time (P
=0.0001). In the result of mul-
tivariate analysis by Cox Re-
gression, TFPI-2 expression
was an independent prognos-
tic factor (P = 0.0001).

CD133 expression in normal,
para-neoplastic bile duct
tissue and cholangiocelluar
carcinoma

Figure 4. Kaplan-Meier survival analysis by CD133 status (n = 218). The

y-axis represents the percentage of patients; the x-axis, their survival in
months. The green line represents CD133-high expressive patients with a
trend of worse survival than the blue line representing CD133- low expres-
sive patients. Mean survival (0OS) time was 16.9 months for the CD133- high
expressive group and 31.2 months for the CD133- low expressive group (Log

rank = 41.642; P = 0.0001).

tistically significant (P = 0.0001, Table 1). In
this re-
search, the carcinomas with TFPI-2 low expres-
sion was 36.3% (37 of 102) at stage | to Il, but
66.4% (77 of 116) at stage Il to IV. Statistically,
the low expression of TFPI-2 was significantly
associated with more advanced clinical stage
of the tumors (P = 0.0001, Table 1). Follow-up
data showed that there was a significant differ-
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In carcinoma, CD133 expres-
sion was expressed high and
observed diffusely and strong-
ly in the membrane and cyto-
plasm of cancer cells in one
hundred-fifteen out of two hun-
dred-eighteen cases (52.8%).
Most cancer cells were diffusely and strongly
positive for CD133 protein in the membrane
and cytoplasm of cholangiocarcinoma (Figure
3A). CD133 protein was expressed low or nega-
tive in all thirty para-neoplastic and twenty nor-
mal bile ducts. There was a statistical differ-
ence between cholangiocarcinomas and
para-neoplastic or normal bile ducts (P <
0.0001).
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The expression of TFPI-2 vs CD133
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Figure 5. The inverse correlation between TFPI-2 and
CD133. From left to right, expression of TFPI-2 com-
pared with that of CD133 (n = 218) as low to low (1,
n = 40), low to high (2, n = 74), high to low (3, n = 63)
and high to high (4, n =41) (r =-0.3876, P = 0.0001).

Relationship between CD133 expression and
age, sex, site, size, histological grade, clinical
stage and prognosis

In this group of 218 cholangiocarcinomas,
CD133 high expression was correlative with
tumor size (P = 0.003) but not with tumor site (P
= 0.068), age (P = 0.395) and sex (P = 0.407)
(Table 1). The percentage of carcinomas with
high expression of CD133 increased from
34.8% (24 of 69) in well-differentiated cancers
(grade 1) to 53.8% (49 of 91) in moderately dif-
ferentiated cancers (grade 2) and to 72.4% (42
of 58) in poorly differentiated cancers (grade
3), thus this association of increased histologi-
cal grade of tumors with expression of CD133
was statistically significant (P = 0.0001, Table
1). In this research, the carcinomas with CD133
high expression was 39.2% (40 of 102) at stage
| to Il, but 64.7% (75 of 116) at stage Il to IV.
Statistically, the high expression of CD133 was
significantly associated with more advanced
clinical stage of the tumors (P = 0.0001, Table
1). Follow-up data showed that there was a sig-
nificant difference in overall mean survival time
between the carcinomas with CD133 high
expression (16.9 months) and those with low
expression (31.2 months) (Log rank = 41.642;
P = 0.0001) (Figure 4). It was suggested that
the CD133 high expression was significantly
related to the cancers with shorter mean sur-
vival time (P = 0.0001). In the result of multi-
variate analysis by Cox Regression, CD133
expression was also an independent prognos-
tic factor (P = 0.0001).
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Relationship between TFPI-2 and CD133
expression

Frequently, when TFPI-2 was negative or low
expressive (Figure 3B), CD133 was found high-
ly expressive in cancerous glands of cholangio-
carcinoma (Figure 3A). Of the cholangiocarci-
nomas with high expression of CD133, TFPI-2
expression was found only in 35.7% (41/115),
whereas of the cancers with low expression of
CD133, TFPI-2 presented high up to 61.2%
(63/103). A significantly inverse relationship
was found between expressions of TFPI-2 and
CD133 (r =-0.3876, P = 0.0001, Figure 5).

Discussion

Human TFPI-2, also known as placental protein
(PP5) and matrix-associated serine protease
inhibitor (MSPI), is an ECM-associated Kunitz-
type serine proteinase inhibitor [25]. TFPI-2
plays an important role in normal ECM remodel-
ing, and is also becoming increasingly recog-
nized as a tumor suppressor gene. In several
types of malignancies, such as choriocarcino-
ma [26], glioma [27], prostate cancer [28], pan-
creatic carcinoma [29] and lung cancer [30],
TFPI-2 has significantly demonstrated tumor-
suppressive functions during tumor cell inva-
sion, metastasis, apoptosis, proliferation and
angiogenesis. It was reported that, TFPI-2
showed high frequency of CpG islands aber-
rantly methylated in both cervical cancer speci-
mens and cell lines [31, 32]. But, to our knowl-
edge, little is known on the role of TFPI-2
silencing in cholangiocarcinoma. To investigate
the relationship between TFPI-2 and clinico-
pathological indices in patients with cholangial
cancer, we analyzed the immunohistochemical
expression levels of TFPI-2, with relationship to
CD133 in cholangiocarcinoma tissues. In 218
cholangiocarcinoma with follow up data our
results indicated that TFPI-2-low expression
level was correlative with the histological
degree (P = 0.0001) and the clinical stage (P =
0.0001). Furthermore, our data also showed
that the low expression of the TFPI-2 protein
was greatly associated with overall survival (P =
0.0001), suggesting TFPI-2 expression might
be a potential prognostic factor in cholangio-
carcinoma. Thus it is suggested that TFPI-2
might be a regulatory molecule as a tumor sup-
pressor in cholangiocarcinoma.

CD133 is one of the hot markers in a variety of
tumor stem cells [15-17]. In this research we
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found that CD133 is positive in 52.8% of chol-
angiocarcinoma patients in China. The present
study investigated the expression of CD133
protein in 218 cholangiocarcinoma with follow
up data and the results indicated that CD133
expression level was correlative with the histo-
logical degree (P = 0.0001) and the clinical
stage (P = 0.0001). Furthermore, our data also
showed that the expression of the CD133 pro-
tein was greatly associated with overall survival
(P = 0.0001), suggesting CD133 expression
might be a potential prognostic factor in chol-
angiocarcinoma. Our results are corresponding
to previous reports in cholangiocarcinoma from
Japan [21], Thailand [22] and another research
group from Xi'an, China [23], in which the posi-
tive rate of CD133 was 48.3%, 67.6% and
74.0%, respectively and also CD133 expres-
sion was considered as a potential prognostic
indicator. The expression of TFPI-2 can inhibit
the growth of gall bladder cancer and hepato-
cellular carcinoma [33, 34]. In this study, TFPI-2
expression was inversely associated with clini-
copathological features as clinical stage, histo-
logical grade and poor prognosis in cholangio-
carcinoma (Table 1). Our finding also suggests
that TFPI-2 is inversely correlative with CD133
(P = 0.0001), implying loss of TFPI-2 function
may exist in CD133-high expressive cancer
cells. But the association between both genes
is rather descriptive than causative to date and
a clear functional relation needs to be explored
further. Taken together, TFPI-2 is low expressed
in cancer cells of cholangiocarcinoma. The
combined detection of TFPI-2 and CD133
expression, to some extent, can reflect the bio-
logical behavior of cholangial cancer cells, thus
guiding the choice of chemotherapy and molec-
ular targeting therapy.
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