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Abstract

Background and aims: Synchronous liver metastasis (SLM) remains a significant problem in
newly diagnosed colorectal cancer (CRC). The system of hepatocyte growth factor (HGF) and Met
plays an important role in cancer invasion and metastasis and is being developed to be targeted
drugs. We aimed to investigate the role of HGF/Met in SLM based on a case-matched study and
comparison between primary tumors and matched metastases.

Methods: A group of 30 patients with SLM and other two groups of patients without SLM in a
hospital database were collected. They were matched into according to clinicopathological factors.
81 patients were included in the study. Their tissues of primary colorectal cancers, lymph nodes
and liver metastases were collected to detect HGF and Met expression by immunohistochemistry
and RT-PCR.

Results: Expression of HGF and Met at the protein level and the RNA level in primary CRCs with
SLM were significantly higher than that in primary colorectal carcinomas without liver metastases
(all P value<0.05). Their expression was only related to SLM when concurrent with regional lymph
node metastasis (all P value<0.05) but had little influence on SLM without involvement of lymph
node metastasis (all P value>0.05). Comparison their expression between primary tumors and
matched metastases, major concordance and minor difference existed.

Conclusions: HGF and Met may exert functions in the development of SLM when concurrent
with lymph node metastases but had little influence on SLM without lymph node metastasis,
further indicating their roles and potential values for a subtype of colorectal cancer metastasis.
Major concordance and minor difference exist between primary tumors and matched metastases,
which further provides evidence for evaluating the response to their inhibitors based on primary
tumors or metastases.

Key words: colorectal carcinoma; synchronous liver metastasis; hepatocyte growth factor; Met.

Introduction
Colorectal cancer (CRC) is one of the most tastases (SLM) account for approximately 15% of
common human neoplasms. Synchronous liver me- newly diagnosed CRC patients, which are often re-
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sistant to conventional therapies and lead to a poor
prognosis[1]. Therefore, they need more effective
treatments. A better understanding of the mechanism
for SLM development will provide a biological foun-
dation for the design of more effective specific drugs.

The system of hepatocyte growth factor (HGF)
and its receptor of Met had been found to play a vital
role in metastasis of CRCs[2-6]. Experimental studies
have shown that the pathway was important for pro-
liferation, invasion and migration of colorectal cancer
cells, the prerequisites for cancer cell metastasis.
When the antagonist Nk4 was used to inhibit the
ability of HGF in colon cancer cells, metastasis de-
creased in animal models[7]. Inhibition of HGF and
Met was reported to prevent distant metastasis for
rectal cancer after preoperative chemoradiothera-
py[8]. In clinical reports, Met amplification and over-
expression at the levels of DNA, RNA and protein
were observed in colonic adenomas, primary tumors
and liver metastases while less expression existed in
normal colonic tissues[2,3,9]. HGF was also detected
in primary tumors and metastases of CRCs[9,10]. But
HGF expression showed no significant differences
between tumor and normal tissues[9], indicating that
metastatic potential enhanced by HGF and Met was
due to the overexpression of Met increasing sensitiv-
ity to HGF[11]. Their expression in primary tumors
was associated with colorectal cancer metastasis and
has been used to evaluate prognosis and metastasis of
colorectal cancer[2-4,6,12-18]. At the treatment levels,
the inhibitors of HGF/Met are being developed to be
novel targeted drugs[19,20] for controlling colorectal
cancer metastasis[8,21].

However, it seems that there are some limita-
tions for these reports when considering the rela-
tionship between the pathway and SLM. Recent
studies suggest that SLM is an independent entity in
CR([22,23] and is different from other metastases and
even metachronous liver metastasis at the levels of
biology and treatment[24]. Previous studies did not
distinguish SLM from other metastases. For CRC pa-
tients with SLM, some are concurrent with regional
lymph node metastases (RLNM), others directly de-
velop into SLM without RLNM involving, which re-
mains an unsolved issue. RLNM and other clinico-
pathological factors such as age in female patients and
primary tumor site[25] have influence on SLM. Some
of previous clinical studies didn’t eliminate the in-
fluence of these factors when they investigated the
relationship between the pathway and colorectal
cancer metastasis. Moreover, the inhibitors of Met and
HGF may be useful to treat metastatic tumors. Nev-
ertheless, there are heterogeneity between primary
CRCs and liver metastases[26], which will lead to

different response to drugs[27,28]. Evaluation of the
response to molecular targets is mainly based on their
status in primary tumors[28]. EGFR inhibitors in
clinical practice have raised a question whether met-
astatic sites need biopsies when they are used to treat
advanced stage CRCs[29]. The same question also
exists for the inhibitors of HGF/Met in treatment of
CRC metastasis. Several studies have compared HGF
and Met expression between primary CRCs and
matched metastases but showed controversial re-
sults[2,3,9,15]. These questions will make puzzling on
understanding of the biology of SLM and treatment of
SLM using the inhibitors of HGF and Met.

To solve the puzzling, we designed a
case-control study and detected expression of HGF
and Met in primary CRCs with SLM versus primary
CRC without SLM. For patients with metastases, the
two molecules were also detected in their primary
tumors and corresponding metastases. Based on
comparison their expression in primary tumors with
SLM versus without SLM, and comparison their ex-
pression between primary tumors and corresponding
metastases, we aimed to investigate the role of the
pathway in SLM and to explore whether their expres-
sion was concordant or different between primary
CRCs and corresponding metastases.

Methods and materials

Patients and tissue samples

Between June 2001 and June 2010, 253 patients
with SLM were found in 1557 newly diagnosed CRC
patients from Shandong Cancer Hospital. Only 30
patients with SLM in the pathological database re-
ceived radical resection and had complete clinical
data, which were divided into two subgroups ac-
cording to the presence of RLNM. One Subgroup in-
cluded 21 patients with TxN1-2Mjiver and the other
subgroup included 9 patients with TxNOMiiver. In the
subgroup with TxN1-2Miver, each patient was
matched to two patients of one with TxN1-2M0 and
the other with TxNOMO. In the other subgroup, each
patient with TxNOMiiver was matched to one patient
with TxNOMO. Each pair had the same status at age,
gender, depth of invasion, differentiation and tumor
site so as to eliminate their influence on SLM. Finally,
81 patients in the total three matched groups were
included in the study. The matched groups and their
clinicopathological factors were shown in Table 1. 51
matched patients without liver metastases at initial
diagnose were followed up for at least six months
after surgery so as to exclude SLMs. They could pro-
vide available tissues including primary tumors and
matched metastases. None of the cases received ad-
juvant therapy before surgery. Their formalin-fixed,
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paraffin-embedded (FFPE) tissues of primary tumors
(81 specimens), matched lymph node metastases (42
specimens) and liver metastases (30 specimens) were
collected to detect HGF and Met expression at the
protein level and RNA level using the methods of
immunohistochemistry(IHC) and real-time reverse
transcription-polymerase chain reaction(RT-PCR). All
patients in the study were consented according to the
ethical standards of the Helsinki Declaration of 1975.

IHC

The method has been described in our previous
report[30]. Briefly, formalin-fixed, paraffin-embedded
tissue sections were routinely progressed according to
Kit Instructions. The dilution for primary antibodies
against HGF and Met (respective, H-145, C-12, Santa
Cruz Biotechnology, Santa Cruz, CA, USA) was 1:100.
Secondary anti-rabbit antibodies were applied on
slides for 30min at 37°C, and then followed by Label
Streptavidin/Peroxidase (S5-A/HRP, Zymed Labora-
tories, South San Francisco, CA) for 30 min at 37°C.

Table I. Clinicopathological Data.

The slides were finally developed with diaminoben-
zidine and counterstained with hematoxylin. A
known positive control section for each antibody was
stained under equivalent conditions to ensure proper
staining. PBS was used as a substitute for primary
antibody as negative control in the same manner.

Immunohistochemistry evaluation

The specimens were evaluated independently by
three of the authors in a blind fashion without previ-
ous knowledge of clinical data. The results for c-MET
were classified into four scores dependent on the in-
tensity of immunostaining 0, negative; 1, weak; 2,
medium; and 3, strong[16]. The sample was classified
as positive when the intensity of Met-stained tumor
cells in a given specimen was greater than grade 1.
HGF immunoreactivities were evaluated as either
positive or negative, with a cut-off value of 50% of
positively stained cancer cells, according to previous
reports[31].

One subgroup The other subgroup Total three matched groups

T1-4NOM1 T1-4N1-2M1 versus T1-4N0-2M1 versus

versus T1-4N1-2MO0 versus T1-4N1-2MO0 versus

T1-4NOMO T1-4NOMO T1-4NOMO

(9 matches) (21 matches)

Total SLM PT SLM LN PT SLM LN PT

cases 81 9 9 21 21 21 30 21 30
Gender
M 51 6 6 13 13 13 19 13 19
F 30 8 8 8 11 8 11
Age (y) 62 67 67 62 62 62 62.5 62 62.5
Site
Colon 10 2
Sigmoid 16 5 5 2
Rectum 55 17 17 17 19 17 19
Tumor differentiation
Low 13 3 3 3 5 3 5
moderate 62 7 7 16 16 16 23 16 23
High 6 2 2 2 2 2 2
Depth of invasion
T1 2 1 1 1 1
T3 51 17 17 17 17 17 17
T4 28 8 8 4 4 4 12 4 12
Lymph node stage
NO 39 9 9 21 30
N1 14 7 7 7
N2 28 14 14 14 14

SLM: primary colorectal cancer with synchronous liver metastasis; LN: primary colorectal cancer with regional metastasis; PT: primary colorectal cancer without

any metastasis.
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RNA extraction from FFPE and RT-PCR

FFPE tissue sections were used to extract RNA.
For all samples, at least 50% of the total cells analyzed
should be tumor cells. For regional lymph node me-
tastases, their FFPE sections have been used to con-
duct the analyses of routine pathological diagnosis
and IHC and contain very few tumor cells. Thus, they
were excluded to extract RNA. Only FFPE tissues
sections from primary tumors and liver metastases
were used to extract RNA. Twenty 3-pm FFPE tissue
sections were used to extract RNA using RNeasy
FFPE Kit under manufacturer’s instructions (Qiagen,
Santa Clarita, CA). RNA concentration and purity was
determined by microspectrophotometer (OD260/
23021.7, OD260/280=2.0£0.2). Total cellular RNA was
isolated with overall yields ranging from 0 to 12.6pg
with concentrations from 0 to over 420 ng/pL, which
was used to detect expression of HGF and Met at the
RNA level. For mRNA detection of target genes,
cDNAs were synthesized from 1ug RNA using
Easyscript first-strand c¢DNA synthesis super-
mix(Transgene, Beijing, China) with primer oligo-dT.
In brief, genomic amplification primers and probes for
HGF/Met and 18s rRNA were designed using the
Primer Express software (Applied Biosystems, Foster
City, CA). Primer and probe sequences for HGF, Met
and 18s rRNA were respectively (5'-3") HGEF:
F-GGGTCTCCGCTGGTGGTCCTACCA, R-GGGGCT
CCTCTTGTCATCAGTCCCA, FAM-CAGTGTTCAG
AAGTTG; Met: F-GGAGCCAAAGTCCTTTCATCT
GTAA, R-GCAATGGATGATCTGGG-AAATAAGAA
GAAT, FAM-CCGGTTCATCAACTTC; 18srRNA:
F-CCCTGTAATTGGAATG, R-GCTGGAATTACCGC
GGCT and FAM-TGCTGGCACCAGACTTGCCCCT.
Reactions were done on the TagMan ABI 7700 in-
strument (Applied Biosystems) by using 10 ng of ge-
nomic RNA, primers at 500 nM, and probes at 200 nM.
The conditions for the PCR reactions were 2 min at 50
°C, 10 min at 95 °C, followed by 40 cycles of denatur-
ation (95 °C for 30 s) and annealing/extension at 60 °C
for 1 min. The method to detect the levels of expres-
sion of HGF and Met mRNA was described in previ-
ous reports[18,32], which was reported as relative
copies normalized against 18SrRNA expression. All
samples were duplicately analyzed.

Statistical analysis

To investigate the association of HGF and Met
expression and SLM and observe the concordance or
difference between primary tumors and correspond-
ing metastases, reasonable statistical methods were
used. All P-values were based on two-tailed statistical
analysis, and P-values of 0.05 were taken to indicate
the statistical significance. Statistical analyses were
performed using SPS516.0 for Windows.

Results

HGF and Met Protein expression in primary
tumors with liver metastasis versus without
liver metastasis

HGEF expression was observed in membrane and
cytoplasm of tumor cells. Statistical analyses showed
that its expression had no relation with clinicopatho-
logical factors. Table 2 showed its expression in pri-
mary tumors. In the subgroup of TxNOM1 versus
TxNOMO (respectively 9 cases), 67% (6/9) versus
56%(5/9) showed positive in primary tumors with
SLM compared with those without any metastases. It
didn’t reach significant statistics (P=0.734, line 6 of
Table 2). In the other subgroup of 21 matches, HGF
expression in primary tumors was different (p=0.003,
line 6 of Table 2) among three matched groups. HGF
expression in primary tumors with SLM showed
stronger than that in those without SLM of the other
two groups. In the total three matched groups, it ex-
hibited positive in 70 %(21/30) of primary tumors of
SLM group, 42.9%(9/21)of primary tumors with
RLNM, and only 30%(9/30) of primary tumors
without any metastases, which reached a significant
statistical difference (P=0.007, line 6 of Table 2). Figure
1A, 1D and 1F were primary tumors from a matched
pair of three patients, which respectively showed
positive, negative and negative in expression of HGF.

Met immunoreactivity was observed in the cy-
toplasm and plasma membrane of tumor cells. It had
correlation with lymph node stage (r=0.381, P=0.000).
The intensity of Met expression in primary tumors
with N2 stage showed stronger than those with N1
and NO stage. Its expression in primary tumors
showed in Table 2. In the subgroup of TxXNOM1 versus
TxNOMO, Met expression showed positive in
89%(8/9) of primary tumors with SLM and 67%(6/9)
of primary tumors without metastases. It didn't
reached significant (p=0.436, table 2). In the other
subgroup of 21 matches, Met expression (positive and
negative) in primary tumors showed different
(P=0.001, Table 2). The intensity of Met expression in
primary tumors of TxN1-2M1 and TxN1-2M0 showed
stronger than that in primary tumors without any
metastases. There were no significant difference be-
tween primary tumors of TxN1-2M1 and TxN1-2MO.
In the total three groups, it (identified to be positive
and negative) showed positive in 90%(27/30)of pri-
mary tumors in SLM group, 86%(18/21) of primary
tumors in LN group and 50%(15/30) of primary tu-
mors in PT group. The results reached significance
(p=0.004, linell of Table 2). A, D and F of Figure 2
respectively showed strong, moderate and weak in a
matched pairs of three patients.
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Table 2. Hepatocyte growth factor (HGF) and Met expression in primary tumors of CRCs.

cases One Subgroup The other subgroup Total matched groups
TxNOM1 versus TxN1-2M1 versus TxNO-2Mlversus
TxNOMO TxN1-2MO versus TxN1-2MOversus
(9 matches) TxNOMO (21 matches) TxNOMO(x=1)
total SLM PT SLM LN PT SLM LN PT
cases 81 9 9 21 21 21 30 21 30
HGEF expression in primary tumors
Negative 42 3 4 6 12 17 9 12 21
(52%) 33% 44% 29% 57% 81% 30% 57% 70%
Positive 39 6 5 15 9 4 21 9 9
(48%) 67% 56% 71% 43% 19% 70% 43% 30%
P value Mann-Whitney Kruscal Wallis test Kruscal Wallis test
7=-0.470 Chi-square=11.574 Chi-square=9.808
P=0.734 P=0.003 P=0.007
Met expression in primary tumors of different groups
Weak 21 1 3 2 3 12 3 3 15
(Negative) 26% 11% 3% 10% 4%  57%  10% 14% 50%
Moderate 47 6 5 15 13 8 21 13 13
(Positive) 58% 67% 56%  71% 62%  38% 70% 62% 43%
Strong 13 2 1 4 5 1 6 5 2
(Positive) 16% 2% 1%  19% 24% 5% 20% 24% 7%
P value Mann-Whitney Kruscal Wallis test Kruscal Wallis test
Z=-1102 Chi-square=14.430 Chi-square=15.54
P=0.436 P=0.001 P=0.004

SLM: primary colorectal cancer with synchronous liver metastasis; LN: primary colorectal cancer with regional metastasis; PT: primary colorectal cancer without

any metastasis.

Figure |. Hepatocyte growth factor (HGF) expression. A, D and F were primary tumors from a matched group. A showing positive; D
and F exhibiting negative. A, B and C from the same patient of T3N2M| were respectively primary tumor, lymph node metastasis and liver
metastasis and showed concordance. D and E from the same patient of T3N2MO were respectively primary tumor and lymph node
metastasis and showed discordance, D showing negative and E showing positive. (Original magnification 200x).
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Figure 2. Met expression. A, D and F were primary tumors from a matched group. A: showing mediate positive (2+); D and F exhibiting
weak staining (1+). A, B and C from the same patient of T3N2MI were respectively primary tumor, lymph node metastasis and liver
metastasis and showed concordance (all positive, A and C showing 2+ while B showing 3+). D and E from the same patient of T3N2MO0

were respectively primary tumor and lymph node metastasis and showed discordance, D showing weak expression(|+, negative) and E
showing strong staining (3+, positive). (Original magnification 200%).

Expression of HGF and Met between primary
tumors and matched metastasis

Table 3 and Table 4 showed HGF and Met ex-
pression in primary tumors and matched metastasis,
which showed major concordance. In 42 pairs of pri-
mary tumors and matched lymph node metastases, 35
patients (83%) for HGF and 37 cases (88%) for Met
showed concordance. In 30 pairs of primary tumors
and liver metastases, 25 cases (83%) for HGF and 24
cases (80%) for Met showed concordance. In 21 cases
with primary tumors, corresponding lymph node
metastases and liver metastases, 17 cases (81%)
showed concordance for HGF and 16 cases (76%) for
Met (Table 3). A, B and C of Fig 1 and Figure 2 came
from the same patient of T3AN2M1, which respectively
primary tumor, lymph node metastasis and liver me-
tastasis and showed concordance.

Minor difference also existed. For HGF, 4 cases
(19%) showed discordant (Friedman Test, P=0.039) in
21 pairs of primary tumors, matched lymph node
metastases and liver metastases (21 cases with TxN1-2
M1). Post hoc Test showed that lymph node metasta-
sis was different from liver metastasis (Friedman,
P=0.046, not illustrating in tables). Five cases showed
discordance in 30 pairs of primary tumors and liver
metastases.  Statistics showed no significant
(McNeMar Test, P=1.000). In 42 pairs of primary tu-
mors and matched lymph node metastases, 7 cases

showed discordance (McNemar test, P=0.016, Table
3). The cases with difference were shown in table 3
and table 4.

For Met expression, 5 cases showed discon-
cordant (Friedman Test,P=1.000) among three pairs of
tumor tissues (21 cases). 2 cases exhibited positive in
liver metastases but negative in primary tumors and
regional metastases, the other 3 cases also showed
discordance (Table 3). In 30 pairs of primary tumors
and matched liver metastases, 6 cases showed dis-
concordant (McNeMar Test, P=0.687, Table 3). 4 cases
(19%, Table 4) in the subgroup of TxNxM1(xx1,21
cases) and 2 cases (22%)in the other subgroup of
TxNOM1 showed different between primary tumors
and matched liver metastases. In 42 pairs of primary
tumors and lymph node metastases, five cases
showed discordance (McNemar test, P=0.375, Table
3), of whom four cases showed increasing and one
case decreased in lymph node metastasis. Two cases
showed discordance in the group of TxNxM1 and
three cases in the group of TxNxMO (Table 4). Figure
1D, 1E for HGF and Figure 2D, 2E for Met from a
same patient of T3N2MO were respectively primary
tumor and lymph node metastasis and showed dis-
cordance.

RT-PCR of HGF and Met mRNA expression in
primary tumors and liver metastases

There was significant correlation between the
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levels of protein and RNA for HGF (r=0.600, P=0.003)
and Met r(r=0.724, P=0.001) expression in primary
tumors (81 tissues) and liver metastases(HGF: r=0.523
P=0.032; Met: r=0.439, p=0.037). Their expression in
primary tumors with SLM and those without SLM
were listed in table 5 and table 6.

In the subgroup of TxNOM1 and TxNOMO(9
matches expression of HGF and Met mRNA in pri-
mary tumors had no significance between
TxNOM1land TxNOMO (independent t test, HGF: p=
0.855, Met: p=0.646). In the other subgroup of
TxN1-2M1, TxN1-2MO0 and TxNOMO (21 matches
reached significance (One way ANOVA, HGF: p=
0.038, Met: p=0.0082) . In the total three matched
groups, they also reached significance (One way
ANOVA, HGF: p= 0.035, Met: p=0.0079).

When comparing HGF and Met mRNA expres-
sion between primary tumors and matched liver me-
tastasis, they had no significant significance. Both the
two subgroups also had no significance. However,
there were significant differences for some pairs when
viewing of HGF and Met expression in each pair. In
one subgroup of TxNOM1 and TxNOMO(9 pairs), there

were respective four cases for HGF and six cases for
Met to have similar relative copies, and five and three
cases to show significant differences for HGF and Met
mRNA. For HGF, four cases had higher copies of HGF
mRNA in liver metastases than that in matched pri-
mary tumors and one had lower copies in liver me-
tastasis than that in matched primary tumor(=or<20
relative copies). For Met mRNA, two cases showed
higher relative copies in liver metastases than that in
matched primary tumors and one case showed lower
relative copies in liver metastasis than that in matched
primary tumor(2or<300 relative copies). In the other
subgroup, their expression in lymph node metastases
was not detected because the paucity of extraction
RNA. In the 21 patients of paired primary tumors and
liver metastases, 18 cases for HGF and 17 cases for
Met had similar relative copies while 3 cases and 4
cases showed different. Totally, 22 cases had similar
relative copies of HGF mRNA and 23 cases had simi-
lar relative copies of Met mRNA. The concordance
rates between primary tumors and matched liver
metastases were 73.3% for HGF and 76.7% for Met.

Table 3. Expression of HGF and Met between primary tumors and corresponding Metastases (21 pairs with Primary, LN
and liver; 30 pairs of primary tumor and liver, 42 pairs of PT and LN).

T RN L cases T L cases T RN cases
HGF expression between primary tumors and corresponding metastases

N N N 3 N N 7 N N 11

N P N 3 N P 2 N P

P P N 1 P N 3 P N

P P P 14 P P 18 P P 24
Concordance: 17cases 17/21 25 cases 25/30 35 cases 35/42
Rate: (both N and P) 81% 83% 83%
Discordance: 4 cases 4/21 5 cases 5/30 7cases 7/42
Rate (discordance) 19% 17% 17%
Friedman Test total McNemar total McNemar total
P=0.039 21 cases P=1.000 30cases P=0.016 42 cases
Met expression (N and P) between primary tumors and matched metastases

N N N 0 N N 1 N N 1

P P P 16 N P N P 4

P P N 2 P N 4 P N

N P P 1 P P 23 P P 36

N N P 1

P N P 1
Concordance: 16 cases 16/21 24 cases 24/30 37 cases 37/42
Rate: (both N and P) 76% 80% 88%
Discordance: 5 cases 5/21 6 cases 6/30 5 cases 5/42
Rate (discordance) 24% 20% 12%
Friedman Test 21 cases McNemar 30cases McNemar 42 cases
P=1.000 P=1.000 P=0.375

T: Primary tumor; RN: Regional lymph node metastasis; L: Synchronous liver metastasis; N: negative, P: positive.
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Table 4. Expression of HGF and Met between primary tumors and corresponding Metastases in SLM group and LN group.

TxNxM1(21 cases) TxNOM1(9 cases) TxNxMO (21cases) TxNxM1(21cases)
T L cases T L cases T RN cases T RN cases
HGEF expression between primary tumors and corresponding metastases of subgroups
N N 6 N N 1 N N 8 N N
N P 0 P N 2 N P 4 N P
P N 1 N P 2 P N 0 P N
P P 14 P P 4 P P 9 P P 15
Concordance 95% 56% 81% 86%
discordance 5% 44% 19% 14%
McNeMar 21 McNeMar 9 McNeMar 21 McNeMar 21
P=1.000 cases P=1.000 cases P=0.125 cases P=0.250 cases
MET expression between primary tumors and corresponding metastases of subgroups
N N 0 N N 1 N N 0 N N 1
N P 2 N P 0 N P N P 1
P N 2 P N 2 P N P N 1
P P 17 P P 6 P P 18 P P 18
Concordance 81% 78% 86% 89%
discordance 19% 22% 14% 11%
McNeMar 21 McNeMar 9 McNeMar 21 McNeMar 21
P=1.000 cases P=0.500 cases P=0.250 cases P=1.000 cases
T: Primary tumor; RN: Regional lymph node metastasis; L: Synchronous liver metastasis; N: negative, P: positive.
Table 5. HGF expression at the RNA level.
HGF Mean copy num-  95% CI Statistical method and P value

bers
HGEF expression at the RNA level in one subgroup of TxXNOM1 and TxNOMO
TxNOM1 9 138 78-216 independent t test

relative copies p=0.589
TxNOMO 9 125 67-209

relative copies
HGEF expression at the RNA level in the other subgroup of TxN1-2M1, TxN1-2M0 and TxNOMO
TxN1-2M1 21 245 134-337 One way ANOVA p=0.007

relative copies TxN1-2M1vs TxN1-2MO0 p=0.036
TxN1-2M0 21 163 90-266 TxN1-2M1vs TxNOMO p=0.008

relative copies TxN1-2MOvsTxNOMO p=0.574
TxNOMO 21 158 89-210

relative copies
HGEF expression at the RNA level in the total three matched group
TxN0-2M1 30 232 78-337 One way ANOVA p=0.014
TxN1-2M1 7 163 90-266 TxN1-2M1vs TxN1-2M0 p=0.048
TXNOMO 30 138 67-210 R‘E}jﬁézzgﬁ)%ogjg 405029
HGEF expression at the RNA level in primary tumors and matched liver metastasis(TxNOM1)
Primary 9 138 78-216 paired t test p=0.758

relative copies 3 cases showed similar at the RNA level in five cases with
Liver 9 146 96-232 concordance at the protein level and one case showed

relative copies similar in the four cases with disconcordance

HGEF expression at the RNA level in primary tumors and matched liver metastasis(TxN1-2M1)

Primary 21 245 134-337 paired t test p=0.617
relative copies 17 cases showed similar at the RNA in 20 cases with con-
Liver 7 269 122-385 cordance at the protein level and 1 case showed similar at

relative copies the RNA level but different at the protein level
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HGEF expression at the RNA level in primary tumors and matched liver metastasis(TxN0-2M1)

Primary 30 232 78-337 paired t test p=0.605
Liver 30 257 96-385 22 cases showed similar
Concordance rate:73.3%
CI: confidence interval.
Table 6. Met expression at the RNA level.
MET Mean copy numbers 95% ClI Statistical method and P value

MET expression at the RNA level in one subgroup of TxNOM1 and TxNOMO

TxNOM1 9 1400 990-2012
relative copies
TxNOMO 9 1298 787-1910

relative copies

independent t test

p=0.605

MET expression at the RNA level in the other subgroup of TxN1-2M1, TxN1-2MO0 and TxNOMO

TxN1-2M1 21 1685 1340-2276
relative copies

TxN1-2M0 21 1534 1100-2060
relative copies

TxNOMO 21 1310 830-1914

relative copies

MET expression at the RNA level in the total matched group

One way ANOVA, P=0.031
TxN1-2M1vsTxN1-2M0,P=0.863
TxN1-2M1vsTxNOMO P=0.018
TxN1-2MO0OvsTxNOMO P=0.047

One way ANOVA, P=0.047
TxN1-2M1vsTxN1-2M0,P=0.932
TxN1-2M1vsTxNOMO P=0.038
TxN1-2MOvsTxNOMO P=0.046

paired t test p=0.853
6 cases had similar relate copies. 5 cases in seven
cases with concordance and 1 cases in 2 cases with

TxN0-2M1 30 1602 990-2276
TxN1-2M0 21 1534 1100-2060
relative copies
TxNOMO 30 1301 787-1914
MET expression at the RNA level in primary tumors and matched liver metastasis(TxNOM1)
Primary 9 1400 990-2012
relative copies
Liver 9 1498 869-2056

relative copies

disconcordance at the protein level

MET expression at the RNA level in primary tumors and matched liver metastasis(TxN1-2M1)

Primary 21 1685 1340-2276
relative copies
Liver 21 1829 1227-2592

relative copies

paired t test p=0.853

17 cases showed similar at the RNA level. 14 cases
in 17 cases with concordance and 3 cases in 4 cases
with disconcordance at the protein level

MET expression at the RNA level in primary tumors and matched liver metastasis(TxN0-2M1)

primary 30 1602
relative copies
Liver 30 1735

relative copies

paired t test p=0.709
22 cases showed similar at the RNA level
Concordance rate:76.7 %

CI: confidence interval.

Discussion

In the report, there was no significance for HGF
and Met expression at the protein and RNA levels
between primary tumors with TxNOMliver and those
with TxNOMO but significant difference among pri-
mary tumors with TxN1-2Mliver, those with
TxN1-2MO0 and those with TxNOMO. When consider-
ing HGF and Met expression between primary tumors
and matched metastases, both major concordance and
minor difference existed. The results represented im-
portant implications for understanding the biology of

metastasis in CRC and provided evidence for further
using the inhibitors of HGF and Met.

SLM is an important problem for CRC at initial
diagnose. Based on a comparative study of protein
expression in primary colorectal tumors and SLM,
Kim[33] found that matrix metalloproteinase-1 ex-
pression in primary tumor was a predictor of SLM.
The system of HGF and Met has been also identified
to play a critical role in liver metastasis from CRCs in
previous studies[2,6,9,11-13,16,18]. However, few of
them compared HGF and Met expression in primary
colorectal cancer with SLM and primary colorectal
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cancer without liver metastasis. Our results showed
that expression of both HGF and Met in primary tu-
mors was related to SLM when SLM is concurrent
with RLNM, indicating that they contributed to the
development of liver metastasis and testified previous
studies. However, they had minor differences on
SLM. In the subgroup of TxN1-2M1, TxN1-2M0 and
TxNOMO, HGF expression in primary tumors with
SLM was higher than those without SLM both at the
protein level and RNA level. Although there were no
significant difference between primary tumors with
SLM and primary tumors with RLNM at the protein
level(p=0.065), its RNA level reached signifi-
cance(p=0.036, table 5)when comparing the two
groups. This may suggest that HGF expression in
primary tumors may only contribute to SLM. Met
expression in primary tumors with SLM and primary
tumors with RLNM was higher than those without
any metastases. But there was no significance between
Met expression in primary tumors with SLM and that
in primary tumors with RLNM. Moreover, Met ex-
pression had correlation with lymph node stage. The
results indicated that Met overexpression in primary
tumors was not only related with not only RLNM but
also SLM, which was consistent with Takeuchi et
al[16] report. In the subgroup of TxNOM1 versus
TxNOMO, their expression in primary tumors had no
correlation with liver metastasis. The possible reason
might be due to small size (9 pairs) or that the system
had no effect on development of SLM when lymph
node metastasis was absent. Therefore, it seemed that
HGF and Met expression in primary tumors played
the role in SLM when concurrent with RLNM and
HGF had the sole role for SLM and Met was associ-
ated with not only SLM but also RLNM.

The regional lymph node and liver are common
sites of metastasis in newly diagnosed patients with
CRCs, which have been found to have different
mechanism based on paired tissues of primary tumors
and matched multiple sites of metastases[34,35]. For
patients with SLM from CRCs, some are concurrent
with RLNM and others directly develop to SLM
without involving RLNM. Few studies focused on this
issue. Comparison of distant metastasis and lymph
node metastasis from the same patient may provide a
tool to identify the difference[23,34]. In the report,
HGF expression at the protein level showed differ-
ence between primary tumors and regional lymph
node metastases (42 paired, p=0.016). Among the 21
paired tissues of primary tumors, matched lymph
node metastases and liver metastasis, HGF expression
also showed discordance (P=0.039, Table 3). Further
analysis showed that its expression was discordant
between regional lymph node metastases and liver

metastases (P=0.046, not illustrated in Tables) while
concordant between primary tumors and liver me-
tastases or between primary tumors and lymph node
metastases (Table 4). For Met expression, it showed
concordance between primary tumors and lymph
node metastases (42 pairs), between primary tumors
and liver metastases (30 pairs) and even among pri-
mary tumors, regional lymph node metastasis and
liver metastasis (21 pairs). HGF expression at the
protein level between primary CRCs and SLM (21
pairs, 95%) showed higher concordance than that
between primary CRCs and RLNM (21 pairs, 86% ) in
the same group while Met expression at the protein
level between CRCs and SLM(21 pairs, 81%) showed
lower concordance than that between primary CRCs
and RLNM(21 pairs, 89%). These results further testi-
fied the results based on comparison of their expres-
sion in primary tumors with SLM and those without
SLM. HGF and Met might play different roles in de-
velopment of SLM and RLNM. However, the con-
cordance of HGF and Met expression between pri-
mary CRCs and SLM with RLNM(21 pairs, 95% and
81% at the protein level, 73.3% and 76.7 % at the RNA
level) was higher than that between primary CRCs
and SLM without RLNM(9 pairs, 56% and 78%, 44.4%
and 66.7% at the RNA level). HGF and Met expression
at the protein level between primary CRCs and
RLNM with SLM(TxNxM1,21 pairs, 86% and 89%)
also showed higher concordance than that between
primary CRCs and RLNM without SLM( TxNxMo, 21
pairs, 81% and 86%, table 4). Although the sample size
in SLM patients without RLNM was small (9 pairs),
these comparisons suggested that they might have
more influence on SLM when concurrent with RLNM
than SLM without RLNM.

These results testified previous studies and pro-
vided evidence for further using the inhibitors of HGF
and Met in SLM. However, previous reports showed
that Met expression in liver metastasis increased or
decreased[2-4,12,15], when comparing with its ex-
pression in primary CRC and few of them compared
HGEF expression in primary tumors and matched liver
metastasis. Moreover, even in these studies with
comparison of their expression in primary tumors and
matched liver metastases, they didn’t distinguish
SLM from other metastases[15]. Thus, it will be puz-
zled when their inhibitors are used in treatment of
SLM. Met was suggested to be an early event in
CRCs[2]. According to the same gene model, its ex-
pression in primary tumors and corresponding me-
tastasis should be concordance[36]. In the report, we
showed that there were major similarities on HGF
(concordance rate:83% at the protein level and 73.3%
at the RNA level) and Met expression(concordance
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rate:80% at the protein level and 76.7% at the RNA
level) between primary tumors and matched SLM, yet
there were also minor differences. Concordance sug-
gests that primary tumors and corresponding metas-
tases had the same clone[35]. Thus, metastatic cells
can express most of the genes existing in their pro-
genitors including Met. The difference may be due to
their expression being influenced by local microenvi-
ronments of liver and lymph node. In our study, HGF
concordance at the RNA level was lower than that at
the protein level, which may be due to its RNA ex-
pression based on tumor cells and stromal cells and
protein expression only based on cancer cells. The
methods might also contribute to the difference. For
example, Fujita[3] showed Met expression in liver
metastases was higher than that in primary CRCs
using RT-PCR but Isaksson-Mettavainio[15] showed
Met expression decreasing in metastases using the
method of IHC. However, no matter how difference is
produced, both of concordance and difference actu-
ally exist between primary CRCs and corresponding
metastases when taking together with previous stud-
ies. Therefore, our study provides an evidence for the
inhibitors of HGF and Met to be used in CRC with
SLM.

This study also had some limitations. The sam-
ple size was small, which was due to the scarcity of
surgical tissues and strict selection for matched pa-
tients. Previous studies showed that HGF was ex-
pressed by stromal cells. In our study, its expression
was shown in cancer cells, which was consistent with
Trovato et al[37] report who used the same antibody
to detect HGF expression. He also explained why
HGF expression was expressed on cancer cells not
stromal cells. In fact, HGF expression in cancer cells
has been also reported on other cancer tissues[38,39].
We couldn’t further explore the potential reasons be-
cause this was a clinical report.

Conclusion

HGF and Met might play the role in develop-
ment of SLM when concurrent with RLNM from CRC
but have little influence on SLM without involvement
of RLNM. Major concordance and minor difference
exist between primary tumors and matched metasta-
ses, which provide evidence for further using inhibi-
tors of HGF and Met in CRCs with SLM.
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