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Background: lodine-125 interstitial brachytherapy (**I-IBT) is a promising treatment option for unresectable hepatocellular
carcinoma (HCC). This study evaluated the usefulness of micro-positron emission tomography/computed to-
mography (micro-PET/CT) with '8F-fluorodeoxyglucose (*¥F-FDG) in assessing response to '2I-IBT in HCC HepG2
xenograft.

Material/Methods: Twelve mice with bilateral HepG2 xenografts were divided into 3 equal groups implanted with iodine-125 seeds
into the left xenografts with a dose of 30, 50, and 80 Gy, respectively, and the right xenografts were used as
internal controls. Before and 28 days after treatment, the ®F-FDG micro-PET/CT was performed. The ratios of
left to right xenografts of tumor volume (R,), maximum standardized uptake value (R , mean optical den-
sity of caspase-3 expression (Ryq,...,....s» and apoptosis index (R,) were compared.

Results: The R, means of the 50 and 80 Gy groups were significantly lower than in the 30 Gy group after treatment
(P<0.01) and the R, means after treatment were lower than baseline in the 50 and 80 Gy groups (P<0.05).

MODCaspase-3 and RAI
was correlated negatively
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The R mean after treatment was lower than baseline in the 80 Gy group (P<0.05). The R

SUVmax
means of the 80 Gy group were higher than in the 30 Gy group (P<0.05). The R
t0 R yopcaspase.s ('==0-624, P<0.05) and R, (r=—0.651, P<0.05).
Conclusions: This study suggest that '*I-IBT inhibits tumor growth via upregulating caspase-3 expression and prompting
apoptosis in HCC HepG2 xenografts. The '8F-FDG micro-PET/CT may be a useful functional imaging modality to

assess early response to »I-IBT in HCC HepG2 xenograft.
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Background

Liver cancer is the one of the most common malignancy world-
wide, with nearly 800 000 new cases and 745 500 deaths in
2012. Hepatocellular carcinoma (HCC) accounts for about 70—
90% of primary liver cancer [1]. HCC usually has a poor prog-
nosis due to being diagnosed frequently at advanced stage or
with underlying liver dysfunction [2-5]. Moreover, it tends to
invade vasculature and then forms a tumor thrombus, leading
to a worse prognosis [6]. At present, although many treatments
are available, the 5-year relative survival rate is only 18% for
all stages of HCC [7]. Surgical resection, liver transplantation,
and ablation offer a high complete response rate and, thus,
potential for cure. Transarterial chemoembolization (TACE)
and sorafenib are the only non-curative treatments that im-
prove survival. Arterial embolization without chemotherapy,
external radiotherapy, and radioembolization have shown an-
titumor activity, but no survival benefit has been proven [8].
Recently, iodine-125 interstitial brachytherapy (1251-1BT) has
been employed as a promising approach for the treatment of
unresectable HCC and tumor thrombus, alone or in combina-
tion with other therapy [9-16]. It has the advantages of max-
imizing radiation dose within the tumor to kill tumor cells and
minimizing radiation injury of surrounding normal liver tissue.

Treatment response is mainly evaluated based on tumor di-
mension measurement using anatomic modalities such as ul-
trasonography, computed tomography (CT), and magnetic res-
onance imaging, but it is not informative, as necrosis may not
be paralleled by tumor burden reduction [17]. Positron emis-
sion tomography/CT (PET/CT) using *8F-fluorodeoxyglucose
(*®F-FDG), which is a kind of anatomic and functional fusion
imaging reflecting glucose metabolism in tumor cells based on
Warburg effect, has emerged as a powerful tool for initial di-
agnosis and staging, detecting recurrence and metastasis, and
monitoring response to chemotherapy and/or radiotherapy in
malignancies [18-22]. In the present study, the usefulness of
18F-FDG micro-PET/CT in assessing response to '2I-IBT with dif-
ferent radiation doses was evaluated in HCC HepG2 xenografts.

Material and Methods

Cell culture and animal model

The human liver cancer cell line HepG2 was obtained from
the Shanghai Cell Bank (Shanghai, China). RPMI-1640 me-
dium, fetal bovine serum (FBS), streptomycin, and penicillin
were purchased from Gibco, Thermo Fisher Scientific, Inc.
(Waltham, MA, USA). HepG2 cells were grown in RPMI-1640
medium supplemented with 10% (v/v) FBS, 100 pg/ml strepto-
mycin, and 100 U/ml penicillin. Cells were incubated at 37°C in
a humidified atmosphere containing 5% CO,, and trypsinized
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and harvested after reaching 70-80% confluence. Male BALB/
c-nu mice (18-20 g, 4-6 weeks old) were purchased from
Shanghai SLAC Laboratory Animal Co. (Shanghai, China) and
allowed to acclimatize for 1 week in a specific pathogen-free
room under controlled temperature and humidity before ex-
periments began. Following this, ~0.1 ml HepG2 cell suspen-
sion (1x107 cells/1 ml RPMI-1640) was injected subcutaneously
into the bilateral armpits of forelegs. After 4 weeks, mice with
a xenograft diameter of ~10 mm were used for the study. The
animals used in this study received humane care in compli-
ance with the Guidelines for the Care and Use of Experimental
Animals established by the Medical Ethics Committee on Animal
Experiments of Zhejiang University.

Study design

A total of 12 mice were randomly divided into 3 groups (n=4 per
group): a 30-Gy group implanted with an '?°| seed with mean
activity of 0.36 mCi, a 50-Gy group implanted an '?°| seed with
mean activity of 0.62 mCi, and an 80-Gy group implanted with
2 5] seeds with mean activity of 0.50 mCi into the left xeno-
grafts on mice, while the right xenografts were used as inter-
nal controls. The treatment period was 4 weeks. Tumor growth
was monitored by determining the xenograft size every 2 days
with a calliper. Before and 28 days after 1%I-IBT, micro-PET/CT
imaging was performed to determine the baseline level and
post-treatment alterations in ®F-FDG uptake. At the end of the
study, the mice were euthanized by dislocation of cervical ver-
tebra after being anesthetized with 3% isoflurane inhalation,
and all xenografts were histologically analyzed with immuno-
histochemical (IHC) and terminal- deoxynucleotidyl transferase
mediated nick-end labeling (TUNEL) staining.

Interstitial brachytherapy and tumor volume

The '?°| seeds (Model 6711 with a diameter of 0.8 mm, length
of 4.5 mm, half-life of 59.6 d, half-value thickness of 1.7 cm
in tissue, and main emission of 27.4-31.4 Kev X-ray and 35.5
Kev y-ray) were provided by Seeds Biological Pharmacy (Tianjin,
China). The '?°| seeds were preloaded into the 18-gauge nee-
dles and then implanted into the center of left xenografts on
mice. The prescribed radiation dose was planned based on
the axial micro-CT images using the brachytherapy treatment
planning system (Beijing Astro Technology, Beijing, China).
Based on measurements of the short (a) and long (b) tumor
diameters, tumor volume (TV) and ratio of tumor volume (R,)
were calculated, according to the formula of TV=1/2xa?xb and
R, =left TV/right TV, respectively.

Micro-PET/CT imaging

8F-FDG was synthesized by the PET/CT Center in our institution.
Following an overnight fast, mice were injected with ~0.1 mCi
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18F-FDG via the tail vein. After 1 h, mice were anesthetized with
3% isoflurane inhalation and placed in the prone position in
the center of a Siemens Inveon combined micro-PET/CT scan-
ner (Siemens Preclinical Solution USA, Inc., Knoxville, TN, USA).
Micro-CT scans were performed with an 80 kV X-ray tube volt-
age, 500 pA current, 150 ms exposure time, and 120 rotation
steps. Micro-PET static acquisition was subsequently performed
for 10 min and the data were processed using the ordered set
expectation maximization algorithm for three-dimensional PET
reconstruction. Micro-PET/CT images were analyzed with an
Inveon Research Workplace 4.1 (Siemens, Erlangen, Germany).
The maximum standardized uptake value (SUVmax; g/ml) of
the xenograft was measured before and 28 days after treat-
ment, and the ratio of SUVmax (R, ..) was calculated ac-
cording to the formula of R, =left SUVmax/right SUVmax.

Immunohistochemistry for caspase-3 expression

All xenografts were fixed in 10% formalin overnight at 4°C
and subsequently embedded in paraffin for histological sec-
tion preparation (4 pm). The sections were deparaffinized
and stained with hematoxylin and eosin for normal histo-
logical evaluation. IHC was also performed with antibodies
to detect caspase-3 expression, according to manufacturer’s
instructions. The primary antibody (Proteintech Group, Inc.,
China) used was anti-caspase-3 19677-1-AP (diluted 1: 150).
In brief, the sections were immersed in boiled citrate buffer
solution (pH 6.0) for 15 min for antigen retrieval after being
dewaxed and rehydrated. Then, the sections were bathed
3 times in a phosphate-buffered solution (PBS, pH 7.4) for
3 min each time after being cooled at room temperature, and
were quenched in 3% hydrogen peroxide to block endogenous
peroxidase activity for 15 min and blocked by normal goat
serum for 30 min. Subsequently, the sections were incubated
overnight with primary antibody at 4°C and washed 3 times
in PBS for 3 min each time. Then, the sections were incubated
with horseradish peroxidase-labeled secondary antibodies at
37°C for 20 min and washed 4 times in PBS for 3 min each
time, followed by exposure to diaminobenzidine tetrahydro-
chloride (Dako REAL EnVision Detection System: K5007; Dako,
Copenhagen, Denmark). Staining without the primary antibody
was performed in parallel and served as a negative control.
Finally, the sections were counterstained with hematoxylin, de-
hydrated in ethanol and xylene, and mounted with cover slips
using neutral balsam. Each section was assessed in 3 random
fields (x400 magnification) under a BX53 fluorescence micro-
scope (Olympus Co., Tokyo, Japan). The caspase-3 expression
of xenograft was semi-quantitively represented as mean op-
tical density (MODcaspase-3) using Image-pro plus software
(version 6.0, Media Cybernetics, Inc., Maryland, USA). The ratio
of MODcaspase-3 (Ry,o.,cpacc.) Was obtained according to the
formula of R =left MODcaspase-3/right MODcaspase-3.

MODcaspase-3
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TUNEL staining for apoptosis

Tumor cell apoptosis was detected using the In-Situ Cell Death
Detection Kit, TMR red (Roche, Basel, Switzerland) with TUNEL
technology, in accordance with the manufacturer’s instructions.
The dewaxed sections were permeabilized with Proteinase K
working solution (20pg/ml, provided in the kit) at 37°C for
30 min. After being washed 3 times in PBS for 5 min each
time, the sections were incubated with 50 pl of TUNEL reaction
mixture (provided in the kit) in a dark and humid atmosphere
for 60 min at 37°C and then washed 3 times in PBS for 5 min
each time. Subsequently, the sections were incubated in the
dark for 5 min with DAPI (Beyotime, Shanghai, China) to stain
the nucleus and then washed 4 times in PBST for 5 min each
time. Finally, the sections were sealed with anti-fluorescence
quenching agent (Southern Biotech, Alabama, USA) and then
analyzed under a BX53 fluorescence microscope (Olympus Co.,
Tokyo, Japan). For quantification of TUNEL-positive cells, the
number of TUNEL-positive and total tumor cells was counted
in 3 random fields (x400 magnification). The apoptosis index
(Al) was calculated as the ratio of TUNEL-positive to total
tumor cells. The ratio of Al (R,) was calculated on basis of
R,=left Al/right Al

Statistical analyses

All statistical analyses were performed using SPSS 19.0 soft-
ware (SPSS, Chicago, USA). The continuous variables are de-
scribed as means + standard deviation. The significance of
difference was evaluated using the paired-samples t test and
one-way ANOVA. For one-way ANOVA, if the variances were
equal, all pairwise comparisons between group means were
performed with the least significant difference test; if they
were unequal, Dunnett’s T3 test was used. Pearson’s analysis
was used to evaluate the relationships among R, R, ...,
RMODcaspases, and R, A value of P less than 0.05 was considered
statistically significant.

Results

1251-IBT inhibits HepG2 xenograft growth

Figure 1 indicates that compared to right controls, the tumor
size of left xenografts decreased after treatment in all groups,
especially in the 50 and 80 Gy groups. Table 1 shows that the
R,, means of the 50 and 80 Gy group were significantly lower
than in the 30 Gy group at 28 days after treatment (P<0.01),
while no statistical differences were observed between the 50
and 80 Gy groups (P>0.05). The R, means after treatment were
lower than at baseline in the 50 and 80 Gy groups (P<0.05).
These findings suggest that '2°I-IBT inhibits growth of HepG2
xenografts, especially at a higher radiation dose.
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Figure 1. The tumor samples after iodine-125 interstitial brachytherapy (**I-IBT) in hepatocellular carcinoma HepG2 xenografts with
a radiation dose of 30, 50, and 80 Gy, respectively. Compared to right controls, the tumor size of left xenografts decreased
after '2°I-IBT in all groups, especially in 50- and 80-Gy groups.

Table 1. Comparison of tumor volume between before and after !%I-IBT, and among different radiation dose groups in HepG2

xenografts.
Group (n=4) R, at baseline R,, after treatment t P value
30 Gy 1.07+0.28 0.59+0.14 2.344 0.1009
- soey 105:044 018:004** . a18s 00249
- s0ey L07:046 015:008* . a000 00280
F 0005 27003
 Pvale 09948 00002

125]-IBT - iodine-125 interstitial brachytherapy; R, - ratio of tumor volume; * P<0.05, compared to baseline; # P<0.01, compared to

30 Gy group.

125]-BT reduces '®F-FDG uptake in HepG2 xenografts.

The 8F-FDG uptake patterns in HepG2 xenografts after treat-
ment are shown in Figure 2. The ®F-FDG uptake of left xeno-
grafts mildly decreased after treatment in all groups, com-
pared to right controls. The Table 2 showed that the R,
mean after treatment was lower than baseline in 80 Gy group
(P<0.05), whereas no significant differences were found be-
tween them in the 30 and 50 Gy groups (P<0.05). The data
suggest that 2°I-IBT reduces ¥F-FDG uptake in HepG2 xeno-
grafts, especially at a higher radiation dose.

125]-|BT enhances caspase-3 expression and apoptosis in
HepG2 xenografts

The IHC and TUNEL staining patterns of caspase-3 expression
and apoptosis in HepG2 xenografts after treatment are shown
in Figures 3, 4, respectively. Overall, the caspase-3 expression
and tumor cell apoptosis of left xenografts were enhanced after
treatment, compared to right controls, and the higher radia-
tion dose had more obvious enhancement. Table 3 shows that
the R} 0 c,cpaces aNd R, means of the 80 Gy group were higher
than in the 30 Gy group (P<0.05), while no significant differ-
ences were observed between 50 and 30 Gy, and 80 and 50 Gy
groups (P>0.05). The data suggest that '2I-IBT upregulates cas-
pase-3 expression and prompts tumor cells apoptosis in HeG2
xenografts, especially at a higher radiation dose.
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Figure 2. The micro-positron emission tomography/computed tomography with 8F-fluorodeoxyglucose (**F-FDG) in hepatocellular
carcinoma HepG2 xenografts before and after iodine-125 interstitial brachytherapy (*?°I-I1BT) with a radiation dose of 30, 50,
and 80 Gy, respectively. The maximum intensity projection images showed that the ®F-FDG uptake of left xenografts (arrows)

mildly decreased after ?°I-IBT in all groups compared to right controls (arrows).
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Table 2. Comparison of ®F-FDG uptake between before and after !2°I-IBT, and among different radiation dose groups in HepG2

xenografts.
Group (n=4) Rgyvmax &t baseline R ,vmay after treatment t P value
30 Gy 0.97+0.16 0.87+0.11 0.979 0.3998
- soey 1026026 084:008 1247 03000
- soey 105007 078012+ 4720 00178
o 0208 o876
o Pvale osis8 04493

18F-FDG — '®F-fluorodeoxyglucose; ?°I-IBT — iodine-125 interstitial brachytherapy; R
* P<0.05, compared to baseline.

suvmax — Tatio of maximum standard uptake value;
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Figure 3. The immunohistochemical (IHC) staining patterns of caspase-3 expression in hepatocellular carcinoma HepG2 xenografts
after iodine-125 interstitial brachytherapy (*#I-IBT) with a radiation dose of 30, 50, and 80 Gy, respectively (x400).
The caspase-3 expression appears brown in [HC staining. These images showed that the caspase-3 expression of left
xenografts was upregulated after !#I-IBT compared to right controls, and the higher radiation dose indicated more obvious
upregulation.
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30 Gy group

50 Gy group
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Figure 4. The terminal-deoxynucleotidyl transferase mediated nick-end labeling (TUNEL) staining patterns of apoptosis in
hepatocellular carcinoma HepG2 xenografts after iodine-125 interstitial brachytherapy (}?I-1BT) with a radiation dose of 30,
50, and 80 Gy, respectively (x400). The apoptotic cells presented red fluorescence in TUNEL staining. These images showed
the tumor cell apoptosis of left xenografts was prompted after '2°I-IBT compared to right controls, and the higher radiation

dose indicated more obvious promotion of apoptosis.

Relationships among ®F-FDG uptake, tumor growth,
caspase-3 expression, and apoptosis

The correlations among Ry, R, RMODcaspase&, and R, are

shown in Table 4. There was a negative correlation between
R and R r=—0.624, P<0.05), as well as between

SUVmax MODcaspase-3 (

R and R, (r=—0.651, P<0.05). Nevertheless, the R, showed

SUVmax
no significant correlation with R R and R, and

SUVmax, = 'MODcaspase-3’ Al

Ryopcaspase.s Was nonsignificantly correlated with R, (P>0.05).

Discussion

Apoptosis, also known as programmed cell death, is the major
mechanism of ionizing radiation-induced cell death. Over the

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Table 3. Comparison of caspase-3 expression and apoptosis
index among different radiation dose groups after
125]-IBT in HepG2 xenografts.

Group (n=4) Ryopeaspase-3 R,

30 Gy 1.28+0.27 1.45+0.54
"""" 50Gy 1521034  189:079
"""" 80Gy  1831040* 2851085
"""" F 2664 376
"""" Pvalue 01234 00650

1%|-IBT — iodine-125 interstitial brachytherapy; R, ... 5 — ratio
of mean optical density of caspase-3 expression; R, - ratio of

apoptosis index; * P<0.05, compared to 30 Gy group.
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Table 4. Relationships among 8F-FDG uptake, tumor growth, caspase-3 expression, and apoptosis in HepG2 xenograft after 12°I-IBT.

Correlation coefficient (P value) R,
Ruvmax 0.177 (0.581)
RT\/

R

MODcaspase-3

R R

'MODcaspase-3 Al

-0.624* (0.030) -0.651* (0.022)

-0.317 (0.315) -0.412 (0.183)

0.538 (0.071)

18F-FDG - '8F-fluorodeoxyglucose; '**I-IBT — iodine-125 interstitial brachytherapy; Ry,... — ratio of maximum standard uptake value;

R,y — ratio of tumor volume; R, . .

past decade, many preclinical studies have demonstrated
that the apoptosis plays key roles in the antitumor activity
induced by !#I-IBT, resulting in tumor necrosis and growth
inhibition [23-29]. In the present study, tumor growth and
apoptosis were evaluated after 1%I-IBT with different radia-
tion doses in HCC HepG2 xenografts. Our findings suggest
that 12I-IBT prompts tumor apoptosis and inhibits tumor
growth in HCC HepG2 xenografts, especially at a higher radi-
ation dose, consistent with the results obtained in previous
studies. Ma et al. reported that there were substantially more
TUNEL-positive cells in the 2°I-IBT group than in the control
group, and pancreatic cancer xenograft growth was conse-
quently inhibited [25]. Qin et al. reported that radiation effect
was closely associated with radiation dose; as the radiation
dose increased, an increase in apoptosis and necrosis was de-
tected in HCC H22 xenografts [30].

Radiation can induce the intrinsic apoptotic pathway (mito-
chondrial-mediated), the extrinsic apoptotic pathway (death re-
ceptor-mediated), or the membrane stress pathway (ceramide
production and subsequent second messenger signaling), and
then activates the caspase cascade, leading to apoptosis [31].
In the present study, the findings indicated that °I-IBT upreg-
ulated caspase-3 expression in HeG2 xenografts, especially at
a higher radiation dose, consistent with a previous report [32].
Caspase-3 protein is the most important executioner protein,
and its activation is commonly considered to be the biochem-
ical hallmark of apoptosis. '?°I-IBT downregulates epidermal
growth factor receptor and vascular endothelial growth fac-
tor-A expression, inhibiting protein kinase B (AKT) and extra-
cellular signal regulated kinase (ERK) activation in tumor cells,
respectively [26,33]. Moreover, '?°I-IBT increases reactive ox-
ygen species (ROS) generation in tumor cells [34]. The inac-
tivated anti-apoptotic AKT and ERK pathways and increasing
ROS accelerate the signaling of apoptosis, consequently up-
regulating caspase-3 expression [31,35].

Aerobic glycolysis, also known as the “Warburg effect”, is im-
portant for tumor growth and apoptosis. When cancer cells
receive an insufficient supply of glucose, cancer metabolism
and biomass synthesis slow; cancer cells are then forced to
stop growing and then undergo apoptosis [36]. In the present

- ratio of mean optical density of caspase-3 expression; R, — ratio of apoptosis index; * P<0.05.

study, the tumor glucose metabolism was evaluated using
18F-FDG micro-PET/CT imaging after 12°I-IBT in HCC HepG2 xe-
nografts, and the relationships among tumor glucose metab-
olism, growth, and apoptosis were also analyzed. The results
showed that #°I-IBT reduces ¥F-FDG uptake in HepG2 xeno-
grafts, with the largest decrease observed in the 80-Gy group,
compared with the baseline similar to previous results [37].
Jian et al. reported that '8F-FDG uptake in the '*I-IBT group sig-
nificantly decreased 1 week after treatment, but there was no
significant change in controls; this may result from the inacti-
vated AKT and ERK pathways after '?°I-IBT mentioned above,
which can downregulate glucose transporter-1 expression, re-
sulting in Warburg effect inhibition [38-41]. Moreover, R,
was negatively correlated with R, --and R, (P<0.05), but
there was no significant correlation between R, and R, o ... .
or between R, and R, (P>0.05). These findings suggest that
18F-FDG micro-PET/CT may be more useful as a functional im-
aging modality to assess early response, such as apoptosis,
to 1%°I-IBT in HCC HepG2 xenograft, compared to anatomical
size measurement.

Recently, because immunotherapy — especially with immune
checkpoint inhibitors such as cytotoxic T lymphocyte-associated
antigen 4 (CTLA-4) and programmed cell death 1 (PD-1)/its li-
gand (PDL-1) blockade, can enhance the systemic antitumor
response of radiotherapy (RT) via abscopal effect — the com-
bination of RT and immunotherapy has received extensive
attention from oncologists and cancer researchers [42,43].
However, little is known about the efficacy of immune mod-
ulation combined with brachytherapy [44,45]. Hodge et al.
used carcinoembryonic antigen (CEA)-directed vaccine alone
or in combination with '2°I-IBT in mice bearing LL2-CEA+ lung
adenocarcinoma, and quantified lung metastases, showing
that that the combined therapy significantly reduced the bur-
den of metastases in the lungs, demonstrating an abscopal
effect [46]. Similarly, Rodriguez-Ruiz et al. used iridium-192
brachytherapy alone or combined with monoclonal antibodies
(mAbs) against PD-1 and/or CD137 in mouse models of
colorectal cancer to measure the abscopal effect of brachy-
therapy. Only the combination of brachytherapy and immu-
nostimulatory mAbs resulted in a measurable antitumor re-
sponse at the nonradiated tumor [47]. These findings provide
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promising preclinical evidence supporting use of the combi-
nation of brachytherapy and immunotherapy. Further research
using '8F-FDG micro-PET/CT imaging is warranted to assess the
combination of 1%I-IBT and immunotherapy in treating HCC.

In addition, we found no statistically significant difference in
levels of Ropcaspase-3 and R between R at baseline and after
treatment in the 30-Gy group, as well as between R, at
baseline and after treatment in the 30- and 50-Gy groups and
between the 50- and 30-Gy groups. This may have been due
to the short study duration of 28 days, as '?I-IBT is typically
delivered over a period longer than 180 days [37]. Additionally,
30-50 Gy is a relatively low radiation dose, considering that
the clinically effective dose is typically 100-160 Gy [48-51].
Certain limitations of the present study should be considered.
First, other key molecules associated with apoptosis were not
examined, such as p53, Bax, and Bcl-2. Second, caspase-3 ex-
pression was only evaluated using IHC rather than via Western
blotting and/or reverse transcription-quantitative polymerase
chain reaction assays for transcriptional and translational ex-
pression analyses, respectively. Third, the sample size was rel-
atively small and our results cannot be generalized.
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Conclusions

The present study suggests that '2°I-IBT inhibits tumor growth
via upregulating caspase-3 expression and prompting apop-
tosis in HCC HepG2 xenografts. ¥F-FDG micro-PET/CT may be
a useful functional imaging modality to assess early response
to 121-IBT in HCC HepG2 xenograft. However, further research
on this topic is needed.
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