





The HCC recurrence after downstaging therapy was have an impact on the prognosis of LT [15]. However,
used as a marker to predict the prognosis of LT [11-14]. differences in graft survival between patients with or
HCC recurrence after hepatectomy was also reported to without a history of hepatectomy can only be found

Figure 4: IFN-y suppressed autophagy via IRF-1 in SK-Hepl cells. (A) Levels of LC3-II and Beclinl were decreased in
SK-Hepl cells stimulated with IFN-y. (B) and (C) In GFP-RFP-LC3 transfected SK-Hepl cells, there was a decrease in the number
of fluorescent spots after IFN-y stimulation (P < 0.001). (D) and (E) A reduction of autophagosomes in the ultrastructure of SK-Hepl
cells after IFN-y stimulation was also observed (P = 0.01). (F) After IRF-1 siRNA transfection, IFN-y stimulated SK-Hep1 cells showed
relatively lower levels of IRF-1 and higher levels of LC3-II as compared with the siRNANC+IFN-y group. Cells in both of these two groups
showed relatively higher IRF-1 levels and lower LC3-I1 levels than that in the sSiRNANC group. There was a significant reduction of LC3-11
in the IRF-1 siRNA group as compared with the siRNANC group.
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in patients with advanced HCC [16]. Accordingly, the
predictive value of hepatectomy before LT may be limited.
In this study, the expression of biomarkers, including
Ki-67, did not show any significant differences between
primary and recurrent HCC (Table S1). Based upon this
finding it appears that recurrent HCC would not be a
confounding factor as related to comparisons of RFS.

According to our results, Ki-67 was the only
biomarker that can be used for predicting RFS in LT
for HCC. When comparing RFSs between different
expression groups, potential confounding factors may
reduce the reliability of the results. Therefore, a Cox
regression model was used to substantiate the independent
predictive value. Ki-67 showed a significant predictive
value for HCC recurrence independent of the Milan-UCSF
criteria and tumor microemboli. As HCCs of T3b and T4
stages were included in the analysis, the predictive value
of Ki-67 in relatively early HCC (T1-T3a) was confirmed
only within subgroup analyses (Figure 2B, P = 3.9 x 107).
HCC at this stage was indicated for LT and Ki-67 was
a likely biomarker for predicting RFS after LT. As use
of the Bonferroni correction increased type Il errors,
factors such as BRCAI, p53 and IRF-1 may also have a
predictive value with regard to HCC recurrence after LT.
However, this predictive value was relatively small or not
independent of the Milan-UCSF criteria, microemboli
or Ki-67, indicating a limited utility for use in clinical
practice.

TNM staging, a known factor for HCC recurrence
was not an independent risk factor in the Cox model either.
TNM staging may correlate with Milan-UCSF criteria
and/or microemboli. Therefore, its independent predictive
value was reduced in a model with these factors. However,
the correlation between Ki-67 and TNM staging may be
another explanation for it. In primary HCC, a significant
correlation between Ki-67 and T stage (TNM stage) was
found (Figure 3, P = 1.2 x 1075), which showed that an
increasing expression of Ki-67 was associated with HCC
progression. Tumor progression may be correlated with
“T stage” of primary HCC, but not with the “T stage”
of recurrent lesions, due to a discrepancy in tumor
progression before hepatectomy. Therefore, no correlation
between Ki-67 and T stage was present in the recurrent
HCC group (Figure 3, P = 0.501). Ki-67 should be used
as a marker for HCC progression, which would serve as a
valuable supplement to TNM staging.

The differences in RFS between the IRF-1 negative
and positive groups did not reach statistical significance
after Bonferroni correction (Figure 5A, P = 0.023,
Bonferroni correction o = 1.5 x 107). According to a
previous study, a significant decrease in graft survival
of recurrent HCC was only found in LT for HCCs with
expanded criteria [16]. Thus, the prognosis for LT may
be significantly affected by behavioral factors in relatively
advanced HCC, due to the low recurrence rate in early
HCC. When only patients with HCC beyond the Milan

criteria were studied, a significant difference in RFS was
found between the negative and positive IRF-1 expression
groups (Figure 5B, P = 6.4 x 107). In this way, IRF-1 may
not be a good predictor of HCC recurrence after LT, but
it may be involved in mechanisms of HCC suppression,
at which time it may then provide a predictive role in
relatively advanced HCC.

Ki67 is a well-known biomarker for cell
proliferation, and correlates with the prognosis of
malignant tumors [17-19]. IRF-1 is described as the
“master promoter”, as it is involved in tumor growth
regulation through a variety of mechanisms [2, 20-24].
In human Ketr-3 and 786-O renal carcinoma cells, IRF1
was found to repress Ki-67 gene transcription in a dose-
dependent manner [25]. In this study, we found that a
negative correlation existed between Ki-67 and IRF-1
(Figure 2D, P = 0.030). It has also been reported that IRF-1
and p53 exert a cooperative and independent regulation of
apoptosis, depending on the type and differentiation stage
of the cell [26]. Thus, apoptosis may be one of the means
through which IRF-1 affects tumor growth. In this study,
our in vitro results showed that the capacity for IFN-y
to promote apoptosis in SK-Hepl cells was associated
with increased IRF-1 and pSTAT1 levels (Figure 3). The
finding that IFN-y promotes apoptosis via IRF-1 has been
supported by other studies [27, 28], and we believe that
IRF-1 is also involved in IFN-y induced apoptosis in
SK-Hepl cells.

Interestingly, there is a report indicating that in
certain HCC cells IFN-y was found to induce autophagy
instead of apoptosis through the IRF-1 signaling pathway
[10]. However, this role of IRF-1 on autophagy has not
been consistently demonstrated in HCC cells. In this study,
we examined the potential for autophagy in SK-Hepl
cells as assessed under several different conditions (Figure
4). We found that levels of LC3-II, Beclinl, Atg5 and
Atg7 were all decreased in SK-Hepl cells stimulated
with IFN-y (Figure 4A, Figure 5B). There were also
a significant reduction in the number of fluorescence
spots of LC3 and autophagosomes (Figure 4B—4E).
These results indicate that a reduction in autophagy is
associated with apoptosis activation. As caspase activation
is crucial for apoptosis, we further analyzed the role of
caspase activation on autophagy, with use of the caspase
inhibitor, Z-VAD-FMK. Levels of Beclinl, Atg5, Atg7 and
LC3-II were not decreased in SK-Hepl cells, when IFN-y
and caspase inhibitor were added together (Figure 5B).
Thus, caspase likely plays a role in suppressing autophagy.
After IRF-1 siRNA transfection and IFN-y stimulation,
SK-Hep1 cells showed relatively higher levels of LC3-II,
in comparison with that of SK-Hepl cells transfected
with siRNA-NC and stimulated with IFN-y (Figure 4F).
Therefore, IRF-1 expression and caspase activation
both appear to be involved in autophagy suppression in
response to IFN-y stimulation, which may represent the
cross-talk that exists between apoptosis and autophagy
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(Figure 5C). Beclinl was reported to be cleaved by
Caspase-3, which then inactivates autophagy and
promotes apoptosis [29]. Based on our current results,
other proteins, such as Atg5 and Atg7, which are involved
with autophagy, may also be reduced by caspase.

In addition to IRF-1’s contribution to apoptosis, the
effect of IRF-1 expression on autophagy was also studied
using IRF-1 siRNA. In our experiment with siRNA
transfection, there was a significant decrease in the level
of LC3-II after IRF-1 siRNA transfection (Figure 4F).
We conclude that a basic expression of IRF-1 seems to
be important for autophagy (Figure 5C). IFN-y induced
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autophagy was also found in another HCC cell line,
Huh-7 [10], a cell line that was not sensitive to IFN-y
induced apoptosis. Therefore, IRF-1 appears to promote
autophagy in the absence of caspase activation.

In conclusion, the capacity for IRF-1 involvement
in apoptosis and autophagy results from different
mechanisms. As an upstream promoter, IRF-1 may be
used as a potential target for HCC treatment, based on its
capacity to affect apoptosis and autophagy. In addition,
Ki-67 shows great promise for the prediction of HCC
recurrence in LT and can be used to aid in the selection of
LT candidates.
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Figure 5: IFN-y suppressed autophagy via caspase activation in SK-Hep1 cells. (A) With the addition of Z-VAD-FMK, levels
of cleaved Caspase-3 and PARP1 were decreased. (B) Levels of Beclinl, Atg5, Atg7 and LC3-II were decreased after IFN-y stimulation.
However, when IFN-y was combined with the caspase inhibitor, levels of Beclinl, Atg5, Atg7 and LC3-11 were not decreased as determined
by the Western Blot test. (C) Summary of the roles of IRF-1 in apoptosis and autophagy.
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MATERIALS AND METHODS
Clinical study

Patients

An ambispective cohort study of LT recipients
was conducted in Tianjin First Central Hospital. Patients
receiving LT between Jan Ist 2012 and Dec 31st 2014
were involved in this study. Final follow-up was conducted
on Dec 31st 2015. The inclusion criteria of patients for this
study included adult patients that: (1) were greater than
18 years of age with a distinctive diagnosis of HCC before
transplantation, (2) underwent primary LT, (3) received
full liver grafts and (4) possessed histologically intact
HCC tissue (for immunohistochemical staining).

Management

The immunosuppressive regimen consisted
of tacrolimus, mycophenolate mofetil, steroids and
basiliximab. All the patients had liver cirrhosis and
granulocytopenia, indicating that chemotherapy was not a
routine treatment after LT. Immunosuppression reduction
and early treatments for recurrent HCC were employed.
Patients underwent CT scan every 1-3 months and
monthly Ultrasounds after LT.

The study was approved by the Tianjin First Central
Hospital Research Ethics Committee. Tumor specimens
used in our analysis were from the tissue bank of Tianjin
First Central Hospital. Informed consent was obtained
from each patient before specimen removal and storage
in the tissue bank. Base line data on the patients and their
tumors were recorded.

Definitions and grouping

Among patients with intact HCC lesions before LT,
the complete or portions of the original tumor lesion was
classified as “primary HCC”, including patients with
residual lesions after radiofrequency (RF) or transcatheter
hepatic arterial chemoembolization (TACE). Patients with
recurrent tumor lesions after hepatectomy were classified
as “recurrent HCC”. The use of RF and TACE, to reduce
tumor size, were usually performed at 1 month before LT,
thus there were no recurrent HCCs after RF or TACE.

Tumor recurrence after LT referred to the first
diagnosis made by Ultrasound, MRI, CT or PET-
CT. Patient death was declared by a doctor during
hospitalization in our center or confirmed by a following-
up phone call (to a patient’s relative) when a patient
missed their date of examination. Time to recurrence
(TTR) was defined by the time interval between the date
of LT and the first observation of lesion recurrence, and
was confirmed upon final diagnosis of HCC recurrence as

determined by a subsequent examination. The recurrence-
free survival time of patients without recurrence was
defined by the date of their last chest-abdomen CT, which
was used as the censor data of Kaplan-Meier survival.

Tumor staging, differentiation and microemboli
were determined by the pathological presentations of
the HCC within resected liver after LT. (Tumor staging
was determined only by the recurrent lesions in patients
with hepatectomy history prior to LT). Tumor staging
was defined according to the sixth edition of TNM
classification and the Milan and UCSF criteria. Tumor
differentiation was graded according to the Edmondson
grading system (2010).

It was difficult to determine expression levels
when the immunohistochemical staining result was “+”.
Therefore, two grouping methods were employed in the
analysis: 1) Negative/positive grouping - a result of “—
was assigned to the negative group while results of “+”,
“++” or “+++” were assigned to the positive group and 2)
Low/high grouping - results of “—” or “+” were assigned
to the low group while results of “++” or “+++” were
assigned to the high group.

Main outcome measures

The RFS was the main outcome measure.
Laboratory method

Cells, antibodies and reagents

The SK-Hepl cell line used in this study was from
the cell bank of the Chinese Academy of Sciences. Cells
were cultured in DMEM containing 10% heat-inactivated
fetal bovine serum (FBS).

The rabbit anti-human monoclonal antibodies
(CST) of CK, CK19, GPC3, AFP, VEGF, EGFR, ERCCI,
RRM1, TYMS, BRCAL, p53, Vimentin, pSTAT1, Ki-67,
Caspase-3, Beclinl, Atg5, Atg7, LC3A/B and IRF-1 were
used for immunohistochemical staining or western blot
tests. B-actin (CST) was used as an internal control in the
western blot test. The DAPI and PI Staining Solution were
from Sigma Co. Annexin V-FITC/PI kit (BD) was used for
cell staining before flow cytometry assay.

IFN-y (Peprotec) was used to activate the expression
of IRF-1. IRF-1 siRNA (Guangzhou Ribobio Co.) was
used to reduce the expression of IRF-1 and siRNA-NC
(Guangzhou Ribobio Co.) was used as a negative control
condition. Z-VAD-FMK (Selleck) was used to inhibit
activated caspase. The anti-sense sequence of IRF-1
siRNA was 5'- dTdT CUUUCUUUCAGCUUCAGGU-3'.
The siRNA was transfected with 1lipo2000 (Invitrogen)
according to the manufacturer’s instructions. The ad-RFP-
GFP-LC3 adenovirus (Shanghai Hanbio Co.) was used to
introduce RFP-GFP-LC3 into SK-Hepl cells.

www.impactjournals.com/oncotarget

37989

Oncotarget



Immunohistochemical staining

Immunohistochemical staining was performed using
a DAB detection kit (Beijing ZSGB-Bio Co.). Briefly, after
dewaxing, hydration and microwave antigen retrieval,
slides were blocked with rabbit serum. Slides were then
incubated overnight with the primary antibody (1:500)
(CK, CK19, GPC3, AFP, VEGF, EGFR, ERCC1, RRM1,
TYMS, BRCAL, p53, Vimentin, Ki-67 or IRF-1). Biotin-
conjugated secondary antibodies (1:500, goat anti-rabbit,
Beijing ZSGB-Bio Co.) and strept avidin-biotin complex
(SABC) were used for immunohistochemical staining.

An index for each view of immunochemical staining
was calculated by multiplying the score for intensity of
color stained in the cytoplasm/nucleus and the score for
proportion of tumor cell cytoplasm/nucleus stained. The
score of intensity was defined as none = 0, light yellow = 1,
brownish yellow = 2, and brown = 3; while the definition
of scores for proportions were 0-25 % = 1, 26-50 % = 2,
51-75 % =3 and 76-100 % = 4. An average index was
then calculated as resulting from the index of 5 randomly
selected views. Finally 4 grades (Table S1) were
determined by the average index: 0 = “=7, 1-4 = “+7,
5-8 =447, 9—-12 = “4+++".

Autophagosomes quantification

SK-Hepl cells were cultured with RFP-GFP-LC3
adenovirus (Shanghai Hanbio Co.) After Ad-RFP-GFP-
LC3 was introduced into SK-Hep1 cells, these cells were
cultured normally or stimulated with IFN-y (100 ng/
ml, Peprotec) for 24 h. Then double labeled SK-Hepl
cells were observed under a fluorescence microscope
(LX81, OLYMPUS). This experiment was conducted for
3 times in each group. Total 6 merge images were used
for quantification. From up to down, 10 well-recognized
cells were selected in each merge image, and the number
of fluorescent spots in each cell was counted by observing.
The numbers of fluorescent dots in cells were compared
between groups.

Ultrastructures of SK-Hep1 cells were studies under
a transmission electron microscope (TEM 100CX, JEOL).
3 SK-Hepl cells were randomly selected in each time of
TEM observation and the number of autophagosomes
in each cell was determined by observing. Then a mean
number of autophagosomes in one cell was calculated
in each time of TEM observation. This experiment was
conducted for 3 times in both groups. The mean numbers
of autophagosomes were compared between groups.

Cellular viability analysis

Cell viability was detected with use of a MTT kit
(Sigma). Cells in the negative control group and the
control group were cultured normally. Cells in the
IFN-y group were stimulated with IFN-y (100 ng/ml,
Peprotec). In each group, cells were plated and cultured

with or without IFN-y for 0, 12, 24, 36 or 48 h. The MTT
solution (5 mg/ml, 10ul) was added and removed 4 h later.
Spectrophotometric values were measured at a wavelength
of 570 nm after the solvent was added. The survival
ratios of cells in the control group and in the IFN-y group
were calculated by the following methods. survival
ratio(control) = Absorbance(control)/Absorbance(negative
control); survival ratio(IFN-y) = Absorbance(IFN-y)/
Absorbance(negative control).

DAPI/PI staining

SK-Hepl cells(2 x 10* cells) were planted and
cultured with or without IFN-y (100 ng/ml, Peprotec) for
24 h. Then the PI (50 uM, Sigma) solution was added for
20 min and DAPI (5 pg/ml, Sigma) solution was added
for 10 min. Cells were observed under a fluorescence
microscope (IX81, OLYMPUYS).

Annexin V-FITC/PI and flow cytometry assay

After SK-Hep1 cells were cultured with or without
IFN-y (100 ng/ml, Peprotec) for 24 h. Cells(1 x 10°cells
in 100 pl) were stained with Annexin V-FITC (Annexin
V-FITC/PI kit, BD) for 10 min and with PI Staining
Solution (Annexin V-FITC/PI kit, BD) for 15 min in turn.
The proportions of stained cells were evaluated by a FCM
flow cytometer (BD Accuri C6).

Cell culture and treatment before western blot
analysis

Cells were plated and treated with reagents or
siRNA (IFN-y, Z-VAD-FMK or siRNA) according to their
group: 1) Cells (SK-Hepl cells or ad-RFP-GFP-LC3
transfected SK-Hep1 cells) were cultured for 24 h in the
control group and then cultured with IFN-y (100 ng/ml,
Peprotec) for 24 h for the IFN-y group, 2) siRNA-NC and
IRF-1 siRNA were transfected into SK-Hep1 cells in the
siRNANC and siRNA groups, respectively, and cultured
for 72 h. In the siRNA-NC+IFN-y or siRNA-+IFN-y group,
siRNA-NC or siRNA transfected SK-Hepl cells were
recovered after 48 h and then cultured with cell media
containing IFN-y (100 ng/ml, Peprotec) for 24 h and 3)
The same treatments as described for group 1 were
used to establish the control and IFN-y groups. In the
Z-VAD-FMK group, SK-Hepl cells were cultured with
Z-VAD-FMK (50 nM, Selleck) for 24 h. In the Z-VAD-
FMK-+IFN-y group, SK-Hepl cells were cultured with a
combination of IFN-y (100 ng/ml, Peprotec) and Z-VAD-
FMK (50 nM).

Western blot analysis

The Western Blot test was performed as described
in previous reports [30]. Proteins were extracted from the
HCC cell line SK-Hepl and separated by SDS-PAGE.

www.impactjournals.com/oncotarget

37990

Oncotarget



After proteins were transferred to polyvinylidene fluoride
membranes (Millipore), each protein was detected with
its antibody, including IRF-1 (1:1500, CST) and LC3A/B
antibodies (1:1500, CST). B-actin was used as an internal
control.

RT-PCR

A kit (TaKaRa) was used for RT-PCR. Total RNAs
were isolated with Trizol reagent. RNA (2 pg) was used in
the reverse transcription and followed by PCR procedures.
The PCR products were examined with agarose gel
electrophoresis. GAPDH was used as the internal
control in RT-PCR. The sequence of upstream primer for
Beclinl: 5-AGGAGAGACCCAGGAGGAAG-3'; the
sequence of downstream primer for Beclinl: 5'-GGCACT
TTCTGTGGACATCA-3'; the sequence of upstream primer
for GAPDH: 5'-CAGCCAGGAGAAATCAAACAG-3";
the sequence of downstream primer for GAPDH: 5'-GACT
GAGTACCTGAACCGGC-3".

Statistical analysis

All data were analyzed using SPSS 18.0 (SPSS,
Inc., Chicago, IL, USA). Numerical data were compared
using the Pearson Chi-Square, continuity correction
of Chi-Square or likelihood ratio test. The one-sample
Kolmogorov-Smirnov test was employed to determine
the distribution of the data. Data with normal distributions
were presented as “means = SDs” and compared by either
Student #-tests or one-way analysis of variance (ANOVA).
Data failing to show a normal distribution were presented
as “medians and ranges” and were compared using the
Mann-Whitney U-test. The Spearman correlation was used
to evaluate the relationship between data without a normal
distribution. RFSs were estimated by the Kaplan-Meier
method and compared with use of the log rank test. The
Cox regression analysis was used to confirm independent
risk factors for HCC recurrence. A p < 0.05 was required
for results to be considered statistically significant. A total
of 33 comparisons involving survivals were conducted
between different expression groups of biomarkers,
including a subgroup comparison. The Bonferroni
correction was used to adjust for an accumulated type I
error with multiple comparisons (o’ = 1.5 x 103). Analyses
of distributions or correlations as well as the subgroup
analyses of a positive overall result, were not corrected
for a value (o= 0.05).

Laboratory tests were repeated three times.
The relative levels of cell viability and numbers of
autophagosomes were compared by ANOVA. Numbers
of fluorescent spots were compared by Mann-Whitney
U-test. A p <0.05 was required for results to be considered
statistically significant.
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