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Abstract: Background: Hepatocellular carcinoma (HCC) is an aggressive type of tumor with high mortality and poor
prognosis, KAI1 is a metastasis suppressor gene which was first found in prostate carcinoma and mapped to chro-
mosome 11p11.2. Vasculogenic mimicry (VM) is a new blood supply phenomenon that exists in highly malignant
tumors. CD133 is one of the most common CSC markers for cancer stem cells, and it is related to drug resistance.
The purpose of this study was to verify the hypothesis that the above biomarkers have some association with metas-
tasis and prognosis in HCC. Methods: The levels of KAI1, VM and CD133 in 108 whole tissue samples of HCC were
detected by immunohistochemistry and histochemistry. Clinical data were also collected. Results: Levels of CD133
and VM were significantly higher, and the level of KAI1 was significantly lower in HCC tissues than that in normal
liver tissues. Levels of CD133 and VM were positively associated with cirrhosis, grade, venous invasion, lymph node
metastasis (LNM), intrahepatic metastasis, and tumor-node-metastasis (TNM) stages, and negatively with patients’
overall survival (0OS). The level of KAI1 was negatively correlated with cirrhosis, grade, venous invasion, lymph node
metastasis (LNM), intrahepatic metastasis and TNM stages, and positively with patients’ overall survival (OS). In a
multivariate analysis, CD133, VM KAI1, and TNM stage were independently correlated with OS in patients with HCC.
Conclusions: KAI1, CD133, and the existence of VM may have important impacts on metastasis and prognosis in
HCC.
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Introduction ma, has the ability to suppress the metastasis

of tumors, and it is located on human chromo-

Primary liver cancer is the most common malig-
nant tumor, and it is the second leading cause
of cancer deaths worldwide [1]. The incidence
of liver cancer in China is 25.7/100,000, and it
is only lower than lung cancer and stomach
cancer, but the fatality rate of liver cancer is
23.7/100,000, ranked 2" in cancer mortality
rate in China [2]. Hepatocellular carcinoma
(HCC) is the most common type of liver cancer
and it is an aggressive type of tumor with a high
mortality and poor prognosis. The symptoms
are not obvious in patients in the early stages
of HCC. Recurrence and metastasis are the
main causes of treatment failure in advanced
liver cancer [3, 4], and these may be related to
downexpression or loss of the suppressor gene.
KAI1, which was first found in prostate carcino-

some 11p11.2 [5]. It belongs to the tetraspanin
superfamily, which is composed of four mem-
brane-spanning domains and has the ability to
control the regulation of cell migration, fusion,
adhesion, differentiation and proliferation [6,
7]. Further research has demonstrated that the
decreased expression or loss of the KAI1 gene
is closely associated with metastasis and
recurrence in different kinds of tumors, such as
laryngeal carcinoma [8], breast carcinoma [9],
lung carcinoma [10], gastric carcinoma [11] and
colon carcinoma [12].

Classic angiogenesis theory suggests that an-
giogenesis mainly depends on vascular endo-
thelial cells. In 1999, vasculogenic mimicry
(VM) was firstly found by Maniotis et al. [13].
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Table 1. Patients characteristics

Frequency Percentage

Patients characteristics n) (%)

Gender

Male 62 574

Female 46 42.6
Age, yr

<60 77 71.3

> 60 31 28.7
Location

Left 48 44.4

Right 60 55.6
Tumor size, cm

<5 46 42.6

>5 62 57.4
Cirrhosis

Absent 47 43.5

Present 61 56.5
Grade

Well 42 38.9

Moderate 42 38.9

Poor 24 22.2
Intrahepatic metastasis

Absent 50 46.3

Present 58 53.7
LNM

Absent 76 70.4

Present 32 29.6
Venous invasion

Absent 41 38.0

Present 67 62.0
TNM Stage

I+11 42 38.9

H+1V 66 61.1

Vasculogenic mimicry (VM) is a new blood sup-
ply phenomenon. It is a vascular channel struc-
ture produced by some highly aggressive tumor
cells that are present in malignant tumors,
such as prostatic tumors [14] and gastrointesti-
nal malignancy [15]. The presence of VM can
explain the failure of anti-angiogenic therapy.
VM is composed of three parts: tumor cells, the
abundant extracellular matrix, and the vasculo-
genic-like channel [16-19]. A growing number of
studies have shown that VM should be consid-
ered a valuable biomarker when predicting
metastasis and prognosis of many cancers
[20].
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So tumor recurrence and metastasis also have
some association with a small number of tumor
cells termed cancer stem cells (CSCs) or tumor
initiating cells (TIC). CSCs have the abilities of
proliferation, self-renewal and multilineage dif-
ferentiation and maintain the growth of the
tumor [21]. CD133 is one of the most common
CSC markers for cancer stem cells in various
cancers like melanoma [22], lung [23], colon
[24], breast [25], and ovarian cancer [26].
CD133 was originally found as a marker of
hematopoietic stem cells. It is a 120 kDa five
transmembrane domain cell surface glycopro-
tein [27, 28]. As mentioned earlier, CD133-
expressing cells have more tumorigenic and
aggressive capabilities than CD133-free cells
[29].

Overall, studies of KAI1, VM and CD133 showed
that these biomarkers might have a great effect
on tumor development. However, correlations
among KAI1, CD133, and VM in HCC remain
unclear. In this study, we explored the relation-
ship between their expression and clinicopath-
ological characteristics.

Patients and methods
Patients and tissue samples

Primary tumor tissues diagnosed with HCC and
adjacent normal liver tissues were collected
from the department of pathology of the First
Hospital Affiliated of Bengbu Medical College
from January 2011 to December 2011. Normal
liver tissues were collected from the same
patients, at least 5 cm away from the carcino-
ma margins. Patients who had received preop-
erative chemotherapy or embolization were
excluded. The clinical, pathological, and follow-
up data (8 months by phone, mail, or email) for
all patients was incomplete. The study group
includes 108 patients, 62 males and 46
females, ranging in age from 31 to 86 years;
the average age is 54.87 + 10.361 years.
Overall survival (0S) time was collected from
the surgery date to the death date or to
December 2016 (mean OS time 26.8 months;
range 2-72 months). The grade of tumor differ-
entiation was defined according to the World
Health Organization criteria. The clinical stages
were defined according to the International
Union Against Cancer’s tumor-node-metastasis
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Figure 1. Immunostaining of KAI1, or VM or CD133 in HCC or the control tissues. A. Negative staining of KAI1 in the
cancer cells (100 magnification). B. Positive staining of KAI1 in the membrane of the control tissue (400 magnifica-
tion). C. Positive staining of VM in the HCC tissue (100 magnification, red arrow is a VM structure, black arrow is a
microvessel). D. Positive staining of VM in the HCC tissue (400 magnification, red arrow is a VM structure). E. Nega-
tive staining of CD133 in the control tissue (100 magnification). F. Positive staining of CD133 in the membrane and
cytoplasm of cancer cells (400 magnification).

classification. Other clinicopathological charac-
teristics of the cases are provided in Table 1.

All experimental work with the tissue speci-
mens was approved by the patients. The ethical
approval of this study was obtained from the
Ethics Committee of Bengbu Medical College
and was conducted according to the moral
code of the Helsinki Declaration.

Immunohistochemistry

Immunohistochemistry was conducted on the
basis of the Elivision™ Plus detection kit instruc-
tions (Lab Vision, USA). All specimens were
fixed in 10% buffered formalin, embedded in
paraffin and sectioned (thickness, 4 um).
Sections were then deparaffinized and dehy-
drated with xylene and graded alcohol. Sub-
sequently, the sections were washed in phos-
phate-buffered saline (PBS, pH 7.2) for 10
min. The endogenous peroxidase activity was
blocked by incubation in 3% H,0, at room tem-
perature for 10 min, then placed in a citrate
buffer (pH 6.0) and heated to 95°C for 30 min
for antigen repair. After washing in PBS three
times, the sections were blocked in goat serum
and incubated with mouse monoclonal anti-
body against human KAIL (Abcam, USA) or
CD34 (Abcam, USA), or CD133 (Abcam, USA)
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for 1 h at 37°C. All samples underwent periodic
acid-Schiff (PAS)-CD34 dual staining to deter-
mine the endothelial cells in the glycosylated
basement membranes of the vessels, as well
as vessel-like (VM) structures [30]. Furthermo-
re, we found no necrosis and hemorrhage in
tumor tissue near the VM structures. All sec-
tions were counterstained with hematoxylin,
dehydrated, air-dried, and mounted.

Immunohistochemical evaluation

Slides were read by two pathologists who were
blinded to all information about the cases. The
positive expressions of KAl1 and CD133 were
both found mainly on the membranes and cyto-
plasms of the HCC cells and normal liver tis-
sues. They were presented as a brown granular
material under the microscope. The intensity of
the positive results was scored as follows: O,
negative; 1, weak; 2, moderate; 3, strong. The
extent of positivity was scored according to the
percentage of cells that were stained positive:
<10%is 1; 11 to 50% is 2; 51 to 75% is 3; >
75% is 4. The final score was determined by
multiplying the intensity of positivity and the
extent of positivity scores, which ranged from O
to 12. The expressions of KAI1 and CD133
were considered positive when the scores were
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Table 2. The correlations between VM, KAI1, CD133 an
cellular carcinoma

d clinicopathological characteristics in hepato-

) VM KAIL1 CD133

Variable —T p —f p —7

Gender 0.868 0.785 0.540
Male 30 32 38 24 32 30
Female 23 23 27 19 21 25

Age, yr 0.073 0.309 0.738
<60 42 35 44 33 37 40
> 60 11 20 21 10 16 15

Location 0.322 0.965 0.830
Left 21 27 29 19 23 25
Right 32 28 36 24 30 30

Tumor size, cm 0.579 0.503 0.182
<5 24 22 26 20 26 20
>5 29 33 39 23 27 35

Cirrhosis <0.001 <0.001 <0.001
Absent 39 8 15 32 35 12
Present 14 47 50 11 18 43

Grade <0.001 <0.001 <0.001
Well 39 3 10 32 38 4
Moderate 14 28 31 11 10 32
Poor 0 24 24 0 5 19

Intrahepatic metastasis <0.001 <0.001 0.004
Absent 37 13 16 34 32 18
Present 16 42 49 9 21 37

LNM <0.001 0.004 <0.001
Absent 45 31 39 37 47 29
Present 8 24 26 6 6 26

Venous invasion <0.001 <0.001 <0.001
Absent 38 3 10 31 38 3
Present 15 52 55 12 15 52

TNM Stage <0.001 <0.001 <0.001
[+I1 36 6 13 29 35 7
+1V 17 49 52 14 18 48

Table 3. Correlations among KAI, VM and CD133 in
HCC

Statistical analysis

The relationships between the expres-
sions of the above biomarkers and clinico-
pathological parameters were compared

) KAIL CD133
VarlableT r p —+ r p
VM -0.677 <0.001 0.592 <0.001

- 14 39 42 11

+ 51 4 11 44
CD133 -0.526 <0.001

- 18 35

+ 47 8

using Fisher's exact test or chi-square
test. The correlations among KAI1, VM, or
CD133 were compared using Spearman’s
coefficient test. The effects of KAI1, VM, or
CD133 on survival were determined by
univariate and multivariate analysis. In-

2> 3. A modified Yue’s method was used to eval-
uate the VM of HCC [31].
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dependent prognostic factors were deter-
mined using the Cox regression model for
multivariate analysis. The Kaplan-Meier meth-
od with log-rank test for univariate OS analysis

Int J Clin Exp Pathol 2018;11(7):3638-3646
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Figure 2. Kaplan-Meier analysis of the survival rate of patients with HCC. (A) Overall survival of all patients in relation
to KAI1 expression (log-rank = 56.769, P < 0.001). (B) Overall survival of all patients in relation to VM (log-rank =
78.447, P < 0.001). (C) Overall survival of all patients in relation to CD133 (log-rank = 77.921, P < 0.001). In (A-C)
analyses, the green line represents the positive staining of factors and the blue line represents negative staining

factors.

was used to evaluate associations between
KAI1+, VM+, CD133+ and clinical characteris-
tics using SPSS (IBM, New York, NY, USA, ver-
sion 24). A value of P < 0.05 was statistically
significant.

Results

Expression of KAl1, VM and CD133 in HCC
and their association with clinicopathology

In order to assess the function of KAI1, VM and
CD133 in HCC, their expression levels were
evaluated in both HCC and normal liver tissue
slides by immunohistochemistry. These data
were then compared to patients’ clinical char-
acteristics. The rates of KAI1 in HCC tissue
were 39.8% (43/108) and 88.9% (96/108) in
control tissues (Figure 1A and 1B). This differ-
ence was statistically significant (P < 0.001).
The expression level of KAI1 was clearly lower
in HCC tissues than that in the control normal
tissues. The expression level of KAI1 in HCC
patients was inversely correlated with cirrhosis,
tumor-node-metastasis (TNM), grade, intrahe-
patic metastasis, lymph node metastasis
(LNM), venous invasion (P < 0.05), but not with
the patients’ gender, age, location or tumor size
(P> 0.05, Table 2).

In contrast to the KAI1 expression, the rate
of VM+ findings (small vessel, which is like a
channel in HCC, the channel is PAS-positive
but CD34-negative. The VM structure pattern
included tubular, linear, and network, etc.) in
the HCC samples was significantly higher than
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that in the control tissues. VM+ was found in
55 of 108 HCC samples (50.9%), and no VM
structure exists in normal liver tissues (Figure
1C, 1D). This difference was statistically signifi-
cant (P < 0.001). VM in HCC was positively
associated with tumor cirrhosis, tumor-node-
metastasis (TNM), grade, intrahepatic metas-
tasis, lymph node metastasis (LNM), and
venous invasion (P < 0.05), but not with the
patients’ gender, age, location or size of tumor
(P > 0.05, Table 2).

CD133 protein was expressed positively in
50.9% (55/108) of HCC and 4.6% (5/108) of
normal liver tissues. There was a significant dif-
ference between the HCC group and the normal
liver tissues (P < 0.001, Figure 1E and 1F).
There was a positive relationship between
the expression of CD133 and tumor cirrhosis,
tumor-node-metastasis (TNM), grade, intrahe-
patic metastasis, lymph node metastasis
(LNM), venous invasion (P < 0.05), but not with
the patients’ gender, age, location or size of
tumor (P > 0.05, Table 2).

Association among KAI1, VM and CD133 in
HCC

Spearman correlation coefficient analysis sug-
gested a negative association between the
positive expression of KAlI1 and that of VM (r =
-0.677, P < 0.001), or CD133 (r = -0.526, P <
0.001). Expressions of VM and that of CD133
were positively correlated (r = 0.592, P < 0.001,
Table 3).
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Table 4. Results of univariate analyses of overall survival KAI1 (44.7 + 19.6 months) compared
(OS) time with those who were KAIll-negative
Mean 0S (15.0 = 10.8 months; log-rank =
Variable N (Mouths) ogTank Palue 56.769, P < 0.001; Figure 2A), and
cD133 77921 <0.001 the OS time of VM-positive patients
i 53 4224+ 19.6 (12.0 = 74 months? was !ower than
N 55 121459 that of the VM-negative patients (42.3
- + 18.9 months; log-rank = 78.447, P <
KAIL 56.769 <0.001 (4 001; Figure 2B). Similarly, the 0S
. 65 15.0+108 time was significantly shorter in HCC
+ 43 44.7+196 patients with a positive expression of
VM 78.447 CD133 (12.1 + 5.9 months) compar-
- 53 42.3+18.9 <0.001 ed with those who were CD133-nega-
+ 55 120+ 74 tive (42.2 + 19.6 months; log-rank =
Gender 1.878 0.171 77.921, P < 0001, Figure 2C) In the
Male 62 293+218 univariate analysis, OS time was sig-
Female 46 23.5+19.2 nificantly related to clinical characte-
ristics, such as cirrhosis (P < 0.001,
Agi,g/(r) 77 9704910 0.006 0937 log-rank = 34.430), intrahepatic meta-
- e stasis (P < 0.001, log-rank = 44.169),
> 60 31 266£20.1 venous invasion (P < 0.001, log-rank =
Location 1.306  0.253 91.271), LNM (P < 0.001, log-rank =
Left 48 24.7+20.4 71.217), and TNM stage (P < 0.001,
Right 60 286+21.1 log-rank = 75.108) (Table 4).
Tumor size, cm 1.396 0.237
<5 46 255+ 17.9 Multivariate analysis
>5 62 27.8+228 . .
Cirrhosis 34.430 < 0.001 Multlvan_af(e analy5|§ demonstrated
that positive expressions of KAI1 and
Absent 47 40.7£19.6 CD133, VM, and LNM, as well as the
Present 61 16.2+£145 TNM stage, were independent prog-
Grade 111.322 <0.001 nostic indicators for HCC (Table 5).
Well 42 48,5+ 15.7
Moderate 42 156178 Discussions
Poor 24 8654
Intrahepatic metastasis 44169 <0.001 Hepatocellular carcinoma (HCC) is a
Absent 50 39.5+ 21.9 highly heterogeneous tumor. This het-
Present 58 15.9+ 117 erogeneity has an effect on biomarker
assessment. Therefore, it is urgent to
LNM 71217 <0.001 find novel and effective biomarkers for
Absent 76 34.1+206 predicting HCC patients’ progression,
Present 32 95+48 metastasis and prognosis. The KAI1
Venous invasion 91.271 <0.001 gene is a metastasis suppressor for
Absent 41 49.3+15.1 many types of cancers, such as pros-
Present 67 1341+77 tate cancer, and the level of KAI1 in
TNM Stage 75.108 < 0.001 normal tissue is higher when compared
111 42 46.8 + 18.0 to tumor tissue, and the overexpres-
HI+V 66 14.2+9.4 sion of the KAI1 gene suppressed the

Univariate analysis

Follow-up data showed that OS time was longer
in HCC patients with a positive expression of
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metastatic ability of rat AT6.1 prostate
cells [5]. The KAI1 gene encodes the
integral membrane protein CD82 and is com-
posed of four transmembrane domains and
one large extracellular domain, suggesting that
it belongs to TM4SF. The TM4SF consists of at

Int J Clin Exp Pathol 2018;11(7):3638-3646
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ly. In addition, VM in HCC was positively
associated with tumor cirrhosis, tumor-
95% Cl node-metastasis (TNM), grade, intrahe-

Table 5. Results of multivariate analyses of overall
survival (OS) time

Variable B SE P RR ) i | h nad -

TNM stage 1.246 0.494 0.012 3.477 1.320-9.161 patic metastasis, lymph node metastasis
(LNM), and venous invasion.

LNM 0.970 0.349 0.005 2.638 1.331-5.228

CD133 1.306 0.494 0.008 3.691 1.402-9.713 Cancer stem cells (CSCs), also called

VM 0.835 0.396 0.035 2.305 1.060-5.012 tumor initiating cells (TICs), have been

KAIL -0.734 0.340 0.031 0.480 0.246-0.934 highlighted lately. Recently, a study sug-

least 15 members, such as CD81, CD9, CD82,
CD63, and CD151. Many of these proteins have
the ability to associate with other molecules,
including lineage-specific proteins, integrins,
and other tetraspanins. They also play impor-
tant roles in various biochemical activities,
such as cell activation and proliferation, adhe-
sion and motility, differentiation, and cancer
[32]. There was an inverse relationship between
KAI1 expression level and tumor cirrhosis,
tumor-node-metastasis (TNM), grade, intrahe-
patic metastasis, lymph node metastasis
(LNM), and venous invasion.

The blood provides nutrition for the growth of
the tumor, and the formation of micro-vessels
makes the tumors have more channels for dis-
semination and metastasis. The more micro-
vessels there are, the more malighant the
tumor is [33-38]. Previous studies show that
portal vein invasion (PVI) usually happens in
the early stage of HCC and has some associa-
tion with the progress of the tumor [39-41].
Recently studies show that vasculogenic mim-
icry (VM) makes a contribution to PVI in HCC
[40]. The existence of VM was first found in
melanoma by Maniotis and his colleagues [13],
and since then more reports about VM have
emerged, with researchers finding it in different
tumors, including tumors occurring in the
breast, liver, colon, lung. and so on. Resent
explorations suggested that the occurrence of
VM often means a poor prognosis [42].
VM channels not only support the growth of
tumors but also facilitate tumor cells and their
metastasis to surrounding or distant tissues.
Vasculogenic mimicry occurs when aggressive
tumors need more blood during tumor growth
and invasion, and tumor cells have greater
plasticity. After the blood supply for tumor
growth and invasion has been satisfied by VM,
the endothelial cells can grow into the space
made by tumor cells and then angiogenesis
and vasculogenesis are produced consequent-
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gested that CSCs may be derived from the

malignant transformation of normal stem
cells or arise from restricted progenitors of
more differentiated cells [43]. CSCs have the
capability of self-renewal, proliferation, and
multilineage differentiation; therefore, they are
considered to be the culprits in therapeutic
resistance, metastasis and the recurrence of
the tumors. The expression of the CD133 pro-
tein in 108 HCC specimens with follow-up data
and the results suggested that the expression
level of CD133 was positively correlative with
cirrhosis, tumor-node-metastasis (TNM), grade,
intrahepatic metastasis, lymph node metasta-
sis (LNM) and venous invasion.

CSCs play an important role in the initiation and
progression of HCC. Some studies showed that
CSCs had the capability of differentiation along
tumor and endothelial cells [44, 45]. This evi-
dence has demonstrated that CSCs mimicked
endothelial cells to form a vasculogenic-like
network to convey nutrients and oxygen. At the
same time, KAI1 could inhibit the process of
epithelial-mesenchymal transition (EMT) to pre-
vent angiogenesis [46]. Our study suggests
that there is a negative association between
the expression of KAI1 and VM or CD133. The
low expression of KAI1 means losing the func-
tion of prohibiting tumor cell invasion. The com-
bined detection of CD133 and VM often means
a high rate of recurrence and metastasis. In
summary, this study preliminarily demonstrat-
ed that the combined effect of KAI1, VM, and
CD133 is valuable for the diagnosis and prog-
nosis of HCC.

Conclusions

Our results suggest that KAI1 and CD133 and
the existence of VM have significant impacts on
the progression of HCC. Research on them can
provide new ideas for clinical treatment.
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