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Purpose: To evaluate the adriamycin (ADM) pervasion distance within tumor stroma after
relaxin (RLX) infusion through tumor feeding artery and further investigate the therapeutic
effects of RLX infusion combined with transcatheter chemoembolization (TACE) on the
rabbit VX2 liver cancer, since the chemotherapy impaired due to limited drug distribution
hindered by stiffened tumor stroma.

Materials and Methods: In the first part, rabbits received normal saline (NS), RLX or
combined with TACE, and the penetration distance of ADM was measured by immunofluor-
escence and the matrix metalloproteinases (MMPs) were evaluated by gelatin substrate
zymography in each group. In the second part, the rabbits received NS, TACE and RLX
combined with TACE, respectively. The tumor growth rates, necrosis rates and intrahepatic
metastasis were measured, and hematoxylin-eosin (HE), transferase-mediated dUTP-biotin
nick end labelling (TUNEL) and Ki67 staining were conducted in each group.

Results: In the first part, the expression of MMP-9 was increased in groups treated by RLX
compared with NS group, especially three days after RLX infusion (p=0.001). The ADM
penetration distance was significantly increased in groups treated by RLX compared with NS
group (p<0.05), and it was farthest three days after RLX infusion. In the second part,
compared with the NS and TACE groups, the tumor growth rates, the positive staining
rates of Ki67 and the tumor growth rates were significantly decreased in RLX+TACE group
(p<0.05). However, the positive staining rates of TUNEL and the tumor necrosis rates were
significantly increased (p<0.05), and HE staining also revealed higher necrosis rates. The
intrahepatic metastasis indicates no difference between the three groups (p=0.273).
Conclusion: An increased penetration distance was obtained by RLX infusion through
tumor feeding artery, and better therapeutic effects were achieved by RLX combined with
TACE.

Keywords: relaxin, liver cancer, transcatheter chemoembolization, MMP-9, penetration
distance

Introduction
Liver cancer is the sixth common tumor and the fourth leading cause of cancer death
worldwide, and ranked as the second cause for the death of males.! However, there is

no universally accepted satisfactory method for the treatment of liver cancer,
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particularly in medium and advanced patients. Transcatheter
chemoembolization (TACE), as a most frequently used first-
recorded treatment in Asia and North America,” combines
injection of chemotherapy with blockage of the tumor feed-
ing artery which can result in extensive tumor necrosis and
thus improve survival.*® However, a clinical trial also
demonstrated that the chemotherapy through transcatheter
procedure has no significant effect compared with emboliza-
tion alone.” The chemotherapy has been impaired because of
the limited drug distribution hindered by stiffened extracel-
lular matrix (ECM) within tumor.®® This may provide some
clue for improving efficiency by transcatheter chemotherapy
through enhancing agent infiltration.

Tumor ECM, consisting of fibrous structural proteins
(e.g., collagen and elastin), fibrous adhesive proteins (e.g.,
fibronectin and laminin) and proteoglycans,'®'? forms the
composition of stroma to interact with cancer cells and is
immersed among them. The genes that restrain cell cycle
progression could be inhibited by the adhesion of stiffened
ECM, leading to promoted cancer cell growth.'*"'> Given
that linearized fibers in ECM are stiffer than curly ones, so
increasing ECM stiffness could provide “linear highway”
which is observed in vivo by intravital imaging for malignant
cells to move along, and speed up the migration of cancer
cells in collagen-rich regions through integrins.®'®'” Besides
promoting tumor progression, ECM also prevents intratu-
moral agent penetration because of the physical barrier cre-
ated by dense stroma, thus it may mediate the resistance to
chemotherapy.®'®2° Although TACE has been proved its
efficacy in reducing interstitial fluid pressure and improving

agent infiltration to some extent,?'

the biophysical features
of the ECM can overwhelm its effect.

Human relaxin-2 (RLX), which has a similar structure to
insulin, is a 6-kDa peptide hormone.”* As a ligand for the
RLX family peptide receptors 1 and 2, RLX is able to
degrade stroma proteins by downregulation of ECM protein
expression and upregulation of MMPs, such as MMP-2 and
MMP-9.>** What’s interesting is that RLX predominantly
decreases abnormally expressed ECM, fibrotic tissues and
tumors for instance.” Furthermore, RLX has been used for
degrading the tumor ECM components and achieving satis-
factory outcomes in treating cancer when it is combined
with trastuzumab or adenoviruses etc.”® 2’

Based on these researches, combining RLX with TACE
procedure might be a promising therapeutic method to treat
liver cancer, since the effect of transcatheter chemotherapy
might be released richly while the RLX destroyed the phy-

sical ECM barrier after transcatheter procedure. In the

present study, ADM was applied to identify that the drug
penetration was improved through RLX transcatheter injec-
tion. Furthermore, the treatment effect was evaluated after
combined use of RLX and TACE.

Materials and Methods

All facilities were approved by the Association for
Assessment and Accreditation of Laboratory Animal Care.
The VX2 tumor cells were reserved in our laboratory, adult
New Zealand white rabbits (body weight, 2.5-3.0 kg) were
purchased from the center of Experimental Animal of
Huazhong University of Science and Technology. All
VX2 tumor cells’ and animal studies were approved by
the Institutional Animal Care and Use Committee at
Tongji Medical College, Huazhong University of Science
and Technology, following the Guide for the Care and Use
of Laboratory Animals published by the Chinese National
Academy of Sciences.

Animal Model Establishment

The establishment of the rabbit VX2 hepatocellular carci-
noma model was conducted as follows: first, the VX2 tumor
cells were implanted into rear le.g.muscles of rabbits; second,
the tumor was harvested from the carrier rabbit about 2
weeks after implanting, then minced into 1x1x1 mm® and
stored in normal saline; third, the abdominal median incision
of the rabbit was conducted after general anesthesia by
intravenous sodium pentobarbital (30 mg/kg body weight),
and a fresh tumor fragment was inoculated into the left liver
lobe, followed by gelatin tamping. Finally, the abdominal
wall was sutured. Intramuscular injection of penicillin was
given to the rabbits for three days after the operation above.

CT Scanning and Measurement of Tumor

Characteristics

Dynamic contrast-enhanced CT of the rabbits was per-
formed 2 weeks after implanting procedures, and 1 week
after transcatheter procedures, respectively. The size and
the appearance of the tumors were estimated applying the
Syngo Fastview image processing system which was mon-
itored by two senior doctors in the radiology field.

The volume of tumor was calculated according to the
equation “V=AxB?x7/6”, therein A was recorded as the max-
imum diameter and B as the transverse diameter of the tumor.
The tumor growth rate was calculated as “V2/V1”, where V1
and V2 reflected pre-operation and post-operation volume of
tumors, respectively. Furthermore, the necrosis rate was
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calculated as “S2/S1”, where S1 and S2 were referred to the
area of tumor section and necrosis field, respectively.
Moreover, S1 and S2 were both calculated as “S= cxd”
measured by vernier caliper after harvesting tumor samples,
where “c” and “d” referred to the maximum diameter and the
transverse diameter of the tumor or its necrosis area, respec-
tively. The intrahepatic metastasis of the rabbits was mea-
sured too.

Groups and Transcatheter Procedure
The rabbits were randomly assigned into nine groups (n=5
for each group): group 1 received normal saline (NS)
through tumor feeding artery injection, combined with
ADM (8mg/kg) which was delivered at the day of trans-
catheter procedures; rabbits in groups 2, 3, and 4 received
RLX (5mg/mL, about 14pg in total, the same concentra-
tion into each rabbit) combined with ADM which was
injected 1, 3 and 5 days after trancatheter procedures,
respectively; rabbits in groups 5 and 6 received saline
(3mL) and RLX, respectively, through tumor feeding
artery, combined with ADM/Lipiodol emulsion (3mL)
and gelfoam embolization (TACE); and those in groups
7, 8 and 9 received saline (3mL), TACE (3mL) and TACE
(3mL) after RLX transcatheter injection, respectively.
The transcatheter procedure was performed one day after
the CT scanning. Moreover, the rabbits were anesthetized in
the same way as described above. Then the right femoral
artery of rabbits was dissected bluntly, and an 18-gauge
needle and a 4-Fr vascular sheath (Terumo, Tokyo, Japan)
were utilized. A 4-Fr Cobra visceral catheter (Terumo) and
a 2.7-Fr microcatheter (Terumo) were placed in the feeding
arteries of the tumor by coaxial catheter technology under the
guidance of digital subtraction angiography. Then different
agents and saline were injected into the feeding artery of the
rabbit as slow as possible.

Gelatin Substrate Zymography

All the rabbits were sacrificed by an overdose of chloral
hydrate (10%) (Laboratory Animal Center, Huazhong
University of Science and Technology). The tumor with
surrounding liver tissues of rabbits in the groups 1, 2, 3
and 4 were harvested 4 hours later, after the injection of
ADM. Afterwards, they were cut into two equal halves. One
segment was for gelatin substrate zymography. Briefly,
samples were loaded into an 8% zymogram gel copolymer-
ized with 0.1% gelatin under nonreducing conditions. Then
gels were washed twice with a 2.5% triton X-100 solution
for 20 min, followed by a 20 min wash in incubation buffer

(50mmol/L Tris-HCI (6.057g/L) tris base, Smmol/L CaCl,
(0.5549¢g/L), pH7.6). Zymograms were placed in fresh incu-
bation buffer for 24 hours at 37°C. Then gels were stained
with 0.05% Coomassie Brilliant Blue R-250 (Biossci,
#BB0662, China) and destained in 10%, 10% and 5%
destaining solution for 0.5, 1 and 2 hours, respectively,
until the gelatinase (MMP-2, MMP-9) activity was clearly
visualized as clear bands against a blue background. The
gelatinase activity was analyzed according to the densito-
metry of bands by Quantity One software (Bio-Rad,
Hercules, CA, USA).

Immunofluorescence

Immunofluorescence and image analysis were performed as
described previously.** Briefly, in order to stain blood ves-
sels, frozen sections of tissues were fixed in paraformalde-
hyde for 10 min, washed in Phosphate-buffered saline (PBS),
and blocked with fetal calf serum (dilution, 1:20; Roche) for
20 min. Specimens were incubated overnight at 4°C with
mouse anti-human CD31 monoclonal antibodies (dilution,
1:100; Dako), then washed in PBS and stained with goat anti-
mouse secondary antibody Fitc (dilution, 1:50; Jackson) for
1 hour at room temperature. Then, DAPI nuclear dye was
used to stain for 10 min. The doxorubicin auto-fluorescence
and blood vessels were observed by a fluorescence micro-
scope (Olympus, Tokyo, Japan) and captured by a camera
(Q-IMAGING, British Columbia, Canada).

Microvessel density (MVD) was calculated by the
method developed by Weidner et al.*® First, the most intense
vascularization of each tumor section was detected under
a low magnification field (x40 magnification), then micro-
vessels were counted at three high magnification fields (x100
magnification). The final MVD was the mean value of three
fields. The calculation method of doxorubicin was similar to
the method of MVD calculation. All these procedures were
conducted by Image-Pro Plus 6.0 (Media Cybernetics,
Rockville, MD, USA).

TUNEL and Ki67 Staining

TUNEL staining was performed as follows: Sections were
routinely processed in 4% formamint first. Afterwards,
they were rinsed twice with PBS for 10 min each time,
and treated with 0.1% Triton X-100 in PBS for 2 min on
ice. They were then rinsed in PBS again and incubated at
37 °C with 50 pL of TUNEL reaction solution for 60 min.
After washing with PBS, the slides were analyzed by
a fluorescence microscope (Olympus, Tokyo, Japan).
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Ki67 staining was conducted through rinsing the sections
with PBS. A monoclonal rabbit anti-Ki67 (Abcam, America)
was used as a primary antibody for incubation overnight.
Besides, a goat anti-rabbit IgG (Aspen, America) was used
as a secondary antibody, which was incubated at 37 °C for
50 min after washing with PBS. Diaminobenzidine chromo-
genic Kit (ZSGB-BIO, Beijing, China) was used for detect-
ing immunoreaction, which resulted in red color.

Statistical Analysis

Statistical analysis was performed by using SPSS software
(SPSS, version 24.0, Chicago, IL, USA). Data were pre-
sented as means + standard deviation. The measurement
data were analyzed statistically by One-Way ANOVA.
P<0.05 was considered as statistically significant. All the
Figures were drawn by Graphpad prism V7.0 (GraphPad
Software, San Diego, CA, USA).

Results

Tumor Size

The mean maximal diameters of tumors in groups 1, 2, 3 and
4 were 16.1+1.4 mm, 15.7+1.4 mm, 15.5+1.8 mm and 15.4
+1.8 mm, respectively, and there was no significant

difference among them (p=0.90). Moreover, there was no
significant difference between the groups 5 and 6 in the mean
maximal diameters (16.3+1.7 mm versus 16.7+1.5 mm)
(p=0.85). Furthermore, the mean tumor diameters of groups
7, 8 and 9 were 17.0+1.8 mm, 17.7+2.7 mm and 16.0
+3.5 mm, respectively, without significant difference
(p=0.61) either.

MMP Activity
As shown in the Figure 1A, the MMP activities in groups 1 to

4 at different time points after transcatheter procedures were
measured. There was significant difference between groups 1
and 3 (p=0.001) in the MMP activity at the 3rd day after RLX
injection, which was evidently upregulated compared with
the NS group. However, the difference of the MMP activities
among other groups was not significant (p>0.05), while those
at the Ist and 5th days after RLX transcatheter injection
seemed more active than the NS group.

The MMP activity was further evaluated in groups 5 and 6,
which underwent TACE after respective NS and RLX trans-
catheter injection. As shown in the Figure 1B, the MMP
activity of the RLX combined with embolization group was
significantly improved compared to the control group
(p=0.008).
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Figure | (A-D) Gelatin substrate zymography was employed to analyze the expression of MMP-2 and MMP-9 after RLX infusion in the first part of this study.
Densitometry (each zymogram in the figure) was used to quantify band size as an indicator of relative MMP-9 activity. ** P <0.01.

Abbreviations: MMP, matrix metalloproteinase; RLX, relaxin.
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Nevertheless, the MMP-2 activity was too low to be
detected in these six groups (Figure 1).

ADM Distribution and MVD

The ADM auto-fluorescence was detected as red in the
nuclei of cells. The ADM distribution distances of groups
1, 2, 3 and 4 were presented in the Figure 2A as well as the
Figure 3A. The distribution distances of the groups were
71.6443.59 um, 124.70+15.37 pm, 241.56+35.75 um and

ADM
A

postope 0

postope 1

postope 3

postope 5

RLX+TACE

151.66+20.23 pm, respectively. There was significant
difference between groups 1 and 2 (p=0.002), 1 and 3
(p=0.000) as well as groups 1 and 4 (p=0.000), respec-
tively. Compared with group 3, the difference was signifi-
cant in groups 2 and 4 (p=0.000 and 0.000, respectively).
However, the difference between groups 2 and 4 was not
significant (p=0.071).

The ADM distribution distances of groups 5 and 6 were
presented in the Figures 2B and 3B. The distribution distances

Vessels

Figure 2 Immunofluorescence was performed for image analysis to evaluate the pervasion distance of ADM within the tumor stroma in group | to group 6.

Abbreviations: ADM, adriamycin.
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Figure 3 Image analysis of immunofluorescence of ADM pervasion distance was performed to evaluate the pervasion distance of ADM within the tumor stroma in the first

part of this study. ** P <0.01; ** P <0.001.
Abbreviation: ADM, adriamycin.

of these two groups were 118.40+9.71 um and 212.88+28.74
um, respectively, with significant difference (p=0.000).

The MVD of each group was presented in Table 1. No
significant difference was observed among these four
groups (p=0.118).

TUNEL, Kié7 and HE Staining

TUNEL and Ki67 staining were conducted to evaluate the
therapeutic effects on the groups 7, 8 and 9. The ratios of
necrotic cells in the NS, TACE and RLX combined with
TACE group were 0.30+0.08, 0.5340.14 and 0.78+0.08,
respectively, as shown in Figure 4. The difference of these
three groups was significant between each other (p<0.05).
Besides, the similar results were achieved in the Ki67
staining, the ratios of proliferous cells in the three groups
were 0.37+£0.07, 0.29+0.04 and 0.20+0.04, respectively
(p<0.05). As shown in Figure 4, it is illustrated that the
rate of cancer cells at the proliferation stage in the RLX
combined with TACE group was significantly lower com-
pared to the TACE and the NS groups. Moreover, HE
staining indicated similar results, as shown in Figure 5.

Table 1 MVD in Three Groups

Tumor Growth, Necrosis Rates and

Metastasis
The tumor growth rate and the necrosis rate were summar-
ized in Tables 2 and 3. The growth rates at the 1st week in
groups 7, 8 and 9 were 2.33+0.67, 1.74+0.16 and 1.24
+0.21, respectively, with significant difference (p<0.05).
The necrosis rates were 0.37+0.13, 0.69+0.10 and 0.85
+0.08 in NS, TACE and RLX combined with TACE
groups, respectively, with significant difference (p<0.05).
Moreover, the intrahepatic metastasis was summarized
in Table 4 and there was no significant difference among
the three groups (p=0.273).

Discussion

It has been identified that RLX is able to increase the expres-
sion of MMP-9 when collagen is abnormally produced like
what happens in the tumor lump,’'~* consistent with the results
in this study. Given that no study applied the RLX directly in
liver cancer treatment, particularly in interventional field, in
order to study the effect of RLX in liver cancer treatment, we
randomly assigned some rabbits into 4 groups and measured
the MMP-2 and the MMP-9 activities after NS and RLX

transcatheter injection at the same day and 1, 3 and 5 days

after injection, respectively, according to Brown et al and

Groups MvDb Perentes et al.>*** The activity of MMP-9 within the tumor
MeantSD tissues was upregulated after the RLX injection while the

RLX+TACE 83.57+6.814 MMP-2 activity was undetectable. Furthermore, the MMP-9
TACE 97.46+9.045 activity on the 3rd day after transcatheter operation was sig-
NS 80.33t7.652 | nificantly upregulated compared with NS group, while its
Fvalue 2.564 activity on the Ist and 5th day after the operation was not
P value o8 evident. However, the zymography results revealed
3384 submit your manuscript Cancer Management and Research 2020:12
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NS TACE
Groups
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Figure 4 TUNEL and Kié7 staining were performed to evaluate the apoptosis and the proliferation of the harvested tumor tissues in groups 7, 8 and 9, respectively.

*P<0.05; **P<0.01.

upregulated activity trends on the Ist and 5th day groups to
some extent, compared with the operation day. Furthermore, it
was further confirmed by the following ADM distribution
analysis. To study whether TACE procedures would affect
the MMPs activity after RLX injection through tumor feeding
artery, the groups 5 and 6 were experimented, and the results
demonstrated that RLX combined with TACE upregulated the
MMP-9 activity significantly compared with the control group.
Besides, the MMP-2 activity was undetectable.

In order to verify that hindrance of the ECM compo-
nents in tumor tissues was degraded by increasing the
MMP-9, the ADM distribution was investigated. As
shown in Figures 1-3, the ADM distribution distance
was in accordance with the MMP-9 activity, that means
the more upregulation of the MMP-9 achieved, the
farther the ADM reached. Therein the ADM in group 3
distributed significantly utmost, and the group 2 and 4
reached significantly farther than the group 1 as well. The
results indicated that better intratumor infiltration was
achieved by RLX injection through tumor feeding artery.
Several researches have also acclaimed that the RLX can
decrease the tumor ECM collagen, especially collagen I,
and form porous structure. Thus, it can decrease the

infiltration hindrance and subsequently allow that drug
dispersed farther within the tumor.”®*’2%** This study
not only verified the theoretical contribution of these
researches, but also demonstrated that the transcatheter
RLX injection was effective in destroying the ECM
obstruction.

After destroying the physical barriers of the ECM, the
therapeutic effects were then studied by transcatheter pro-
cedures, which have not been performed before as far as
we know, but just Golubnitschaja et al reported that TACE
treated patients tending to better survival in situation of
lower MMP-9 activities.>>*® ANOVA analysis revealed
that the growth rate of the RLX combined with TACE
group was significantly decreased compared with the
TACE and the NS group, however, the necrosis rate was
significantly increased compared with the other two
groups. It indicated that RLX combined with TACE pro-
cedures for the treatment of VX2 tumor could result in
impaired growth that complied with enhanced necrosis.
Besides, the TUNEL and Ki67 staining identified the out-
comes through cross-validation. Moreover, the HE stain-
ing also presented that a better effect was achieved in the
RLX combined with TACE group.

Cancer Management and Research 2020:12
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Figure 5 HE staining were performed to apoptosis of the harvested tumor tissues in groups 7, 8 and 9, respectively.

Given that ECM could obstruct drug penetration and interact
with malignant cells,*'*" the results attained in this study
revealed that its degradation had a satisfactory lethal effect on
VX2 tumor cells, however, the latter theory has not been studied
here. Moreover, the inhibition of the tumor metastasis was
further considered, since the previous researches have proved
that the linearized ECM fiber provides a “highway” for cancer
cells to invade blood vessels and around vessels, especially
where it is coated with dense ECM.'® However, although the
metastasis nodules were fewer in the RLX combined with

Table 2 The Tumor Growth Rate of Three Groups

TACE group in the study, there was no significant difference
among the three groups, which may be attributed to the limited
observation time. Although some researches indicated that
degraded ECM facilitates the tumor migration,***
consensus is that the RLX does not induce metastasis, but

the general

reverses the spread of tumor cells.® Silvertown et al reported
that RLX overexpression increased prostate xenograft tumor
growth and angiogenesis, but it was reversed later by the same
group.***” However, the results in present study did not show
any evidence that RLX could promote metastasis.

Table 3 The Tumor Necrosis Rate of Three Groups
Groups Tumor Volume (cms) Growth Rate
Groups Tumor Necrosis Areas (cm?) Necrosis Rate

\4 v2 V2/VIx100%

(Preoperation) (Postoperation) Sl S2 S2/S1%100%
RLX+TACE 1.7+1.1 2.1%1.4 124.2+21.5 RLX+TACE | 3.3%2.0 2.7+1.4 85.2+7.5
TACE 1.8+0.7 2.8%1.1 174.3+15.9 TACE 5.2£1.0 3.6£0.6 68.8+10.4
NS 1.8+0.2 3.4+0.5 233.3+67.3 NS 53%l1.4 1.9+£0.7 37.4%13.2
F value 13.463 F value 26.168
P value 0.000 P value 0.001
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Table 4 Number of the Intrahepatic Metastasis

Groups Num. of Metastasis
Mean

RLX+TACE 1.8

TACE 2.0

NS 2.8

F value 1.448

P value 0.273

Although TACE could destroy cancer cells ideally by
starving it due to the embolization of supply arteries com-
bined with poisoning it by chemotherapeutic drugs, the
latter was hard to achieved for the guard of ECM. This
study demonstrated that the RLX injection combined with
TACE could destroy the hindrance of ECM and further
improved therapeutic effect, thus providing new strategy
for clinically benefitting HCC patients.

There were several limitations in this study. First, the
sample size was small. Second, studied MMPs activity
was confined to MMP-2 and MMP-9 due to the limited
experimental technology, while MMP-3 may be also upre-
gulated which was hinted by previous research.?®> Third,
the dose of RLX and the time points of 0, 1, 3 and 5 days
after RLX transcatheter injection were referred to previous
researches.”* Since the RLX acts in a dynamic process,
more measurement time points about the MMP activity
could provide additional information about its effect
within tumor tissues. Fourth, which kinds of collagen
was affected in the ECM components and further, how
the interaction between cancer cells with the ECM chan-
ged were not included in the study.

In conclusion, this research for the first time used trans-
catheter RLX injection combined with TACE to improve
drug penetration for the treatment of liver cancer.
Furthermore, the MMP-9 activity was upregulated and the
drug distribution was then enhanced after transcatheter RLX
injection. Moreover, better outcomes were achieved due to
increased necrosis rates and decreased growth rates after the
combined use of RLX and TACE.
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