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Abstract

The tumor microenvironment affects malignancy in hepatocellular carcinoma (HCC)
cells, and cancer-associated fibroblasts (CAFs) play an important role in the micro-
environment. As recent studies indicated a difference between CAFs isolated from
chemoresistant and non-resistant cancer tissues, therefore we investigated the in-
tracellular mechanism in resistant HCC co-cultured CAFs and interactions between
these CAFs with cancer cells. We established a sorafenib-resistant (SR) Huh7 (human
HCC) cell line, and characterized it with cytokine assays, then developed CAFs by
co-culturing human hepatic stellate cells with resistant or parental Huh7 cells. The
2 types of CAFs were co-cultured with parental Huh7 cells, thereafter the cell vi-
ability of these Huh7 cells was checked under sorafenib treatment. The SR Huh7
(Huh7°R) cells expressed increased B-cell activating factor (BAFF), which promoted
high expression of CAF-specific markers in Huh7°R-co-cultured CAFs, showed ac-
tivated BAFF, BAFF-R, and downstream of the NFkB-Nrf2 pathway, and aggravated
invasion, migration, and drug resistance in co-cultured Huh7 cells. When we knocked
down BAFF expression in Huh7°R cells, the previously increased malignancy and
BAFF/NFkB axis in Huh7°R-co-cultured CAFs reversed, and enhanced chemoresist-
ance in co-cultured Huh7 cells returned as well. In conclusion, the BAFF/NFxB path-
way was activated in CAFs co-cultured with cell-culture medium from resistant Huh7,
which promoted chemoresistance, and increased the malignancy in co-cultured non-
resistant Huh7 cells. This suggests that the BAFF/NFxB axis in CAFs might be a poten-

tial therapeutic target in chemoresistance of HCC.
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1 | INTRODUCTION

Activated cancer-associated fibroblasts (CAFs) are critical to tumor
development.! CAFs may also affect cancer chemoresistance and
cancer stem cells.? When isolated fibroblasts from chemoresistant
breast cancer tissues are co-cultured with breast cancer cells, can-
cer cells reportedly sustain stemness and promote chemoresistance
compared with cancer cells co-cultured with CAFs isolated from
chemosensitive (CS) cells or non-co-cultured controls.> However,
how the tumor microenvironment affects chemoresistance is still
unclear.

B-cell activating factor (BAFF), which belongs to the tumor
necrosis factor family, is well studied in B-cell biology and hema-
tological diseases.* In hepatocytes, activated BAFF and its receptor
(BAFF-R) decrease the expression of steatogenesis genes and in-
crease steatosis.” The BAFF-BAFF-R axis has also been associated
with cancer progression, apoptosis, and inflammation. Reducing
BAFF activity by antibodies that selectively bind to BAFF-R in-
creases drug sensitivity in cancer cells.” The NFxB signaling pathway
is downstream of BAFF.® Increasing negative regulator Kelch-like
ECH-associated protein 1 (KEAP1) of Nuclear factor E2-related fac-
tor 2 (Nrf2), the NFkB pathway activates the Nrf2/NADPH quinone
oxidoreductase 1(NQO1) axis, which could also support drug resis-
tance.? Moreover, a permanently activated NFxB pathway and per-
sistent nuclear expression of its downstream factor, p65, in CAFs
are important in maintaining the secretion of IL6 and IL8, and the
survival of pancreatic cancer stem cells.® Other studies have found
the balance of location (nuclear or cytoplasmic) of pé5 is controlled
by post-translational modifications, and eventually affects MMP9,
FGF4, and IL8 expression.®'® Hepatocellular carcinoma (HCC) cells
with enhanced p16/IL6 pathways have low sensitivity to sorafenib;
blocking IL6 in chemoresistant HCC cells reportedly upregulates
sorafenib cytotoxicity.*

Here, we established a sorafenib-resistant (SR) HCC cell line
(Huh7°R), and found that CAFs stimulated by Huh7°R cells promoted
invasion, migration, and chemoresistance in co-cultured CS HCC
cells, by increased BAFF secretion. We then investigated the effect
of HCC®R cells on CAF malignant potential, including SR develop-
ment in CS HCC cells, by the BAFF-BAFF-R pathway.

2 | MATERIALS AND METHODS
2.1 | Cellculture

We purchased Huh-7 (human HCC) cells from the Riken Cell Bank.
The Huh7 cells were cultured in DMEM (Life Technologies Japan Ltd.)
containing 10% FBS (Life Technologies Japan Ltd.). We developed
the SR Huh7 (Huh75R) cell line by culturing the cells in DMEM with
8.0 uM sorafenib (sc-220125A; Santa Cruz Biotechnology), which
was first dissolved in DMSO. The last concentration in DMSO was
<0.1%. Lx2 human hepatic stellate cells were purchased from Merck
Millipore (Tokyo, Japan). Huh7 and Huh7°R were cultured in DMEM

for 48 h, then the cell-culture medium was collected and centrifuged
at 50g. Lx2 cells were co-cultured with this conditioned medium or
DMEM at a 1:1 ratio for at least 48 h (Figure 2A). Activation of CAFs
was confirmed using real-time-PCR (RT-PCR) of a-smooth muscle
actin (a-SMA) and fibroblast activation protein (FAP).}!

2.2 | Establishment of SR cell line

Huh7°R cells were isolated from Huh7 cells according to a protocol
of continuous exposure to increasing sorafenib concentrations and
stepwise selection. Every 3-4 d, cells were collected, passaged, and
cultured in DMEM containing higher sorafenib concentrations. After
development, cells could grow stably in the presence of sorafenib.

2.3 | siRNA transfection

Huh7°R cells were transfected with BAFF siRNA (Life Technologies
Japan Ltd.) or negative control RNA (Applied Biosystems, Select
Negative Control #1 siRNA) with 0.01 umol/L with Invitrogen
Lipofectamine RNAiMax Transfection Reagent (Invitrogen, Thermo

Fisher Scientific Inc) following the manufacturer's instructions.

2.4 | Migration assay

We used transwell inserts (8-um-pores, Corning) to evaluate cell mi-
gration. We seeded 0.5-1 x 10° Huh7 cells in the upside chamber;
they were attached after c. 12 h. The upper chambers were lightly
washed in PBS twice, and liquid in the upper chambers was replaced
with a conditioned medium of Lx2, CAFs co-cultured with parental
Huh7or CAFs co-cultured with Huh7°R. The lower chambers were
filled with the same conditioned medium (5% FBS). At 24 h after in-
cubation, cells below the insert were fixed with 4% paraformalde-
hyde, stained with 0.2% crystal violet, and counted (stained cells in 5
random x400 microscope fields).

2.5 | Cell wound-healing assay

Control and resistant Huh7 cells were plated in 6-well plates. When
the confluency of the cells reached c. 80%-90%, a 10-ul pipette was
used to scratch a c. 0.5-mm wound through the entire length of
each well. We then changed the medium to DMEM, with or without
sorafenib reagent, according to the test group. The wound was ob-

served using a x20 magnification microscope after 48 h.

2.6 | Colony formation assay

The parental Huh7 cells were co-cultured with supernatants from
Lx2 cells, Huh7-co-cultured CAFs, or Huh7°R-co-cultured CAFs
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for 48 h at 37°C; and then seeded into 60-mm cell-culture dishes
(Thermo Scientific) and cultured in DMEM with 0.0 uM (control),
3.0 uM, or 5.0 uM sorafenib for 3 wk. Cells were then fixed with par-
aformaldehyde (4%) and stained in 0.2% crystal violet. After wash-

ing, cell colony numbers were counted.

2.7 | RNA isolation and RT-PCR

We isolated total RNA with the RNeasy Mini Kit (Qiagen), and then
synthesized complementary DNA with a reverse transcription kit
(Applied Biosystems). RT-PCR was performed in triplicate using the
StepOnePlus Real-Time PCR System (Applied Biosystems). Human
GAPDH (4352339E, Applied Biosystems,) was used as an internal
control.

2.8 | Enzyme-linked immunosorbent assay

BAFF secreted in conditioned medium was detected by the BAFF
Quantikine ELISA kit (R&D Systems) following the manufacturer's in-
structions. Absorbance (450 nm, correction wavelength at 540 nm)

was read by a plate reader.

2.9 | Immunofluorescence

We first cultured the cells in chamber slides (Matsunami, Lot No.
191029) for 48 h. We then took off the fend on the chamber slides,
washed the cells in the bottom of the slides with PBS (4°C), and
fixed those slides with 4% paraformaldehyde. After washing in PBS,
slides were treated with Triton X-100 (Kanto Chemical Co., Inc Lot
No. 308T1683), washed again, and incubated with anti-pé5 primary
antibody (Ab16502, Abcam) overnight at 4°C. Next day, we washed
and incubated the slides in fluorophore-conjugated second antibody
(Life Technologies Japan Ltd., Lot No. 1726587), and covered them
in ProLong Gold antifade reagent with DAPI (Invitrogen). Finally, the
slides were observed under a fluorescence microscope (Keyence
Corporation). The integrated density of immunofluorescence was
quantified using ImageJ software and analyzed with GraphPad Prism

5 software (GraphPad Software).

2.10 | Immunohistochemical staining

The specimens were selected from patients who had undergone he-
patectomy after sorafenib treatment in our institute, and all patients
provided written informed consent. This study was approved by the
ethics committee of our hospital, and the written informed consent
for the use of their resected tissues was obtained from all patients
(Approval no. 2900-2). Sliced specimens were deparaffinized and re-

hydrated, then blocked with endogenous peroxidase. The samples
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were incubated with anti-BAFF (Invitrogen, Thermo Fisher Scientific
Inc), anti-BAFF-R (#s-32774, Santa Cruz Biotechnology), and anti-p65
(Ab16502, Abcam) primary antibodies for 1 h at room temperature.
Then the slides were incubated with EnVision Dual Link System-HRP
secondary antibody (Dako), treated with diaminobenzidine (Wako),
and Mayer's hematoxylin (Muto Pure Chemicals Co. Ltd.). Lastly the
samples were observed under a fluorescence microscope (Keyence
Corporation).

2.11 | Statistical analysis

The research data were analyzed using GraphPad Prism 5 soft-
ware (GraphPad Software) to conduct one-way ANOVA and Mann-
Whitney U tests. All data are presented as the mean + SD. A P-value

< .05 was considered significant.

3 | RESULTS
3.1 | BAFF secretion was enhanced in Huh7°}
cultured medium

After development, the Huh7°R cells were cultured in the conditioned
medium containing 8.0 uM sorafenib. To investigate differences be-

tween Huh7°R

-co-cultured CAFs and CAFs co-cultured with parental
Huh7 cells, we performed cytokine assays in cell-cultured medium
from both Huh7 cell lines. The result suggested that, regarding the
other cytokines, BAFF was much higher in the Huh7°® conditioned
medium (Figure 1A). Then we confirmed that Huh7°R cells expressed
greater BAFF mRNA and a much higher concentration of BAFF in
conditioned medium than did parental Huh7 cells (Figure 1B,C).
Expression of BAFF in the sorafenib-sensitive and SR specimens from
patients who underwent hepatectomy after sorafenib treatment was
detected by immunohistochemistry stain. The results showed that

BAFF was markedly stronger in SR cases (Figure 1D,E).

3.2 | Huh7°R-co-cultured CAFs promoted invasion,
migration, and drug resistance in CS Huh7 cells

As CAFs reportedly modulate drug sensitivity in the tumor microen-
vironment,? we hypothesized that Huh7°R-co-cultured CAFs might
affect chemosensitivity in HCC cells. In our study, Lx2 cells were
cultured alone, or co-cultured with parental Huh7 or Huh7°R cells to
create 2 types of CAFs (Figure 2A). Then we checked CAF-specific
markers, such as a-SMA and FAP in those groups. We found that
a-SMA and FAP expression levels were moderately higher in
Huh7%R-co-cultured CAFs thanin the CAFs co-cultured with non-resistant
cells or Lx2 cells (Figure 2B,C). Next, we cultured parental Huh7 cells
together with medium collected from Lx2 cells or the different types
of CAFs, latterly performed transwell assay, wound-healing assays

and the colony-forming assay (in medium with dose-dependent
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FIGURE 1 BAFF secretion is enhanced in the supernatant of sorafenib-resistant Huh7. A, Cytokine assay of cell-cultured medium in Huh7
and Huh7°R. B, ELISA test of BAFF secretion in cell-cultured medium of Huh7 and Huh7°R (n = 3). C, PCR quantification of BAFF expressed

in Huh7°R cells compared with Huh7 cells, expressed for 48 h cultured in DMEM (10% FBS) (n = 4). D, E, Immunohistochemical stain of BAFF
in sorafenib-sensitive and sorafenib-resistant HCC cases. Low expression of BAFF in sensitive HCC samples (D). High expression of BAFF in
resistant HCC samples (E). (*** P < .001.)

FIGURE 2 Huh7°R-co-cultured CAFs promoted invasion, migration, and drug resistance in HCC cells. A, CAFs were stimulated with cell-
culture medium (CM) of parental Huh7 or Huh7°R. B, C, PCR quantification of a-SMA and FAP expressed in Lx2, Huh7-co-cultured CAFs and
Huh7°R-co-cultured CAFs, 48 h cultured in DMEM (10% FBS) (n = 4). D, E, Invasion ability (D) was examined by transwell assay in Huh7, and
Huh7 cells treated with the CM of Huh7-co-cultured CAFs or Huh7°R-co-cultured CAFs. Data analysis (E) was performed using GraphPad
Prism 5 software (n = 4). F, G, Migration rate (F) of Huh7 treated with CM of Huh7, and Huh7 cells treated with the CM of Huh7-co-cultured
CAFs or Huh7°R-co-cultured CAFs, performed by wound-healing assay. ImageJ was used for quantification (G) of migration rate (n = 3). H,
Colony-forming assay was performed in Huh7, and Huh7 cells treated with the CM of Huh7-co-cultured CAFs or Huh7°R-co-cultured CAFs,
incubated in DMEM (10% FBS, with 0, 3 or 5 pM sorafenib). (*, P < .05; **, P < .01; ***, P <.001.)
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sorafenib, at 0, 3 or 5 uM). In transwell assays, Huh7°}

-co-cultured
CAFs promoted invasiveness and migration capacity compared with
CAFs treated with parental Huh7 culture medium (CM) (Figure 2D-
G), furthermore, Huh7°R-co-cultured CAFs enhanced drug resist-

ance of HCCs in the colony-forming assay (Figure 2H).

3.3 | The BAFF-R-NFxB pathway was activated in
Huh7°R-co-cultured CAFs

On the supposition of how BAFF expressed by Huh7°® cells influ-
enced CAF-driven malignancy, we checked a BAFF-related path-
way in CAFs. In Huh7°R-co-cultured CAFs, mRNA levels of BAFF
and BAFF-R were even higher than CAFs co-cultured with the pa-
rental Huh7 subline or Lx2 cells (Figure 3A,B). One subset of CAFs
reportedly expresses elevated levels of IL6 and IL8, and promotes
chemoresistance and self-renewal of cancer stem cells by those cy-
tokines.® As IL6 and IL8 are apparently involved in CAF-driven chem-

12,13

oresistance, we examined IL6 and IL8 mRNA expression in CAFs,

and found that expression levels were higher in Huh7°R-co-cultured
CAFs than in Huh7-co-cultured CAFs or Lx2 cells (Figure 3C,D).
These results may be associated with the NFxB pathway involved in
anti-cancer drug resistance. Then we assessed the expression of nu-
clear NFxB p65, using immunofluorescence staining, and found that

7°R-co-cultured CAFs was nota-

NFkB p65 nuclear expression in Huh
bly stronger than in CAFs co-cultured with the parental Huh7 cells
(Figure 3E,F). Then we examined BAFF-R and p65 expression in CAFs
of SR and sorafenib-sensitive HCC tissues, the results stated that, in
SR samples, BAFF-R was highly expressed on the cell membrane of
CAFs in SR tissues, p65 level was also notably higher in the resist-
ant cases (Figure 3G-J). BAFF is reported to induce NFxB-activated
Nrf2 and its downstream molecule NQO1, which promotes survival
and viability in chronic lymphocytic leukemia cells.”** Therefore we
checked gene expression of Nrf2 and downstream molecules, NQO1
and Heme oxygenase-1 (HO-1), in different types of CAFs, and found
that Huh7°R-co-cultured CAFs expressed significantly higher levels
of those genes (Figure 3L-N), which suggested that BAFF/NF«B-
induced Nrf2 was activated in Huh7°R-co-cultured CAFs.

3.4 | Knocking down BAFF in Huh7°R cells reversed
CAF stimulation

We wondered if BAFF in Huh7°R cells were responsible for the en-
hanced activity of Huh7°R-co-cultured CAFs, therefore siRNA was

7°R cells, which at-

used to knock down BAFF expression in Huh
tenuated BAFF expression in these cells compared with control cells
treated with nontargeting siRNA (Figure 4A). Then we co-cultured
Lx2 cells with conditioned medium from parental Huh7, Huh7SR, or
BAFF-knockdown Huh7°R cells, and compared them with non-co-
cultured Lx2 cells. RT-PCR showed that BAFF and BAFF-R mRNA
expression was decreased in CAFs from the BAFF-knockdown cells

(Figure 4B,C), and the formerly increased nuclear p65 expression

was also reduced (Figure 4D,E). Nrf2, HO-1, and NQO1 were also de-
creased in the BAFF-knockdown-Huh7-co-cultured CAFs (Figure 4F-
H). Upregulation of IL6 and IL8 expression was reversed as well
(Figure 41,J).

Lastly, we co-cultured Huh7 with different kinds of CAFs. The
enhanced chemoresistance also partly returned in Huh7 which
was co-cultured with BAFF-knockdown-Huh7°R-co-cultured CAFs,
compared with Huh7 co-cultured with Huh7°R-co-cultured CAFs
(Figure 5A). In transwell assays, the Huh7 cells co-cultured with
BAFF-knockdown-Huh7°R-co-cultured CAFs were less invasive than
ones co-cultured with Huh7°R-co-cultured CAFs (Figure 5B,C). In the
wound-healing assay, the increased migration ability in Huh7 cells
induced by Huh7°R-co-cultured CAFs was reversed by knocking
down BAFF expression in resistant cells (Figure 5D,E). These results
suggested that blocking BAFF in Huh7°R cells reduced the migration
and invasion promotion ability and the specific gene expression of
co-cultured CAFs.

4 | DISCUSSION

Sorafenib is an oral multi-kinase inhibitor and is a common systemic
therapy for HCC. It decreases tumor initiation and progression by
controlling cell proliferation and angiogenesis.ls’“’ Unfortunately, its
use is limited by a low sensitivity rate. In our study, we developed an
SR HCC cell line, Huh7°R, and found that Huh7°R cells not only gained
greater invasiveness and cell growth ability, but also expressed more
BAFF than Huh7 cells. Furthermore, we found that CAFs co-cultured
with resistant cells obtained stronger promotion ability with regards
to invasiveness, migration, and chemoresistance in HCC cells com-
pared with CAFs co-cultured with parental cells, by the BAFF and its
receptor BAFF-R axes.

As a family member of the tumor necrosis cytokines, BAFF binds
to 3 well-known receptors expressed on B cells: B-cell maturation
antigen (BCMA), transmembrane activator and cyclophilin ligand in-
teractor (TACI), and BAFF-R.Y18 | engineered cells, BAFF binding to
these receptors affects diverse signaling pathways, including NFxB
nuclear translocation, p38 mitogen-activated kinase activation, and
JNK phosphorylation for receptors.”2° Although BAFF is commonly
associated with malignant B lymphocyte proliferation and differ-

entiation,m’23

it is also expressed in an array of normal and cancer
cell lines and specimens.?*?’ In liver cancer, BAFF and its recep-
tors BCMA and BAFF-R are reported to be expressed by HCC cell
lines Hep3B, HepG2, and HCC tissues.?® In our study, the protein
and mRNA expression of BAFF in Huh7°R cells were further upregu-
lated compared with non-resistant cells. Therefore, we investigated
whether the enhanced BAFF/BAFF-R axis in Huh7°® cells affected
CAF characteristics.

In the HCC microenvironment, hepatic stellate cells are re-
garded as the majority; they are activated by tumor cells to be-
come CAFs, and express various cytokines to tumor progression
and invasiveness in HCC.2%%2 CAFs also create the extracellular

matrix structure, mediate tumor microenvironment metabolism,
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CAFs. A-D, PCR quantification of BAFF (A), BAFF-R (B), IL6 (C) and
IL8 (D) expressed in Lx2 cells, Huh7-co-cultured CAFs, or Huh7%R-
co-cultured CAFs, expressed for 48 h cultured in DMEM (10% FBS)
(n = 4). E, Immunofluorescence staining of NFkB p65 expression in
Lx2 cells, Huh7-co-cultured CAFs, or Huh7°R-co-cultured CAFs. F,
Integrated density of NFkB p65 in cell nucleus has been quantified.
(AU, arbitrary units). G-J, Immunohistochemical stain of BAFF-R
and p65 in HCC specimens. Low expression of BAFF-R in sensitive
HCC samples (G). High expression of BAFF-R on cell membrane in
resistant HCC samples (H, arrowheads: CAFs). Low expression of
p65 in sensitive HCC samples (I). High expression of p6é5 in resistant
HCC samples (J, arrowheads: CAFs). L-N, PCR quantification of
Nrf2 (L), HO-1 (M) and NQO1 (N) expressed in Lx2 cells, Huh7-co-
cultured CAFs or Huh7°R-co-cultured CAFs, expressed for 48 h
cultured in DMEM (10% FBS). (n = 4) (*, P < .05; **, P < .01; ***,
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FIGURE 4 Knocking down BAFF expression in resistant Huh7
reversed the activated BAFF/NF«xB axis in co-cultured CAFs. A, PCR
quantification of BAFF expression in Huh7, Huh7°R treated with
nontargeting siRNA or BAFF siRNA, expressed for 48 h cultured in
DMEM (10% FBS) (n = 4). B, C, PCR quantification of BAFF (B) and
BAFF-R (C) expressed in Lx2 cells, Huh7-co-cultured CAFs, Huh7°R-
co-cultured CAFs, and BAFF siRNA-treated Huh7°®-co-cultured
CAFs, expressed for 48 h cultured in DMEM (10% FBS) (n = 4).

D, Immunofluorescence staining of NFxkB p65 expression in Lx2
cells, Huh7-co-cultured CAFs, Huh7°R-co-cultured CAFs, and BAFF
siRNA-treated Huh7°R co-cultured CAFs, after co-culturing for

48 h. E, Integrated density of NFxkB p65 in cell nucleus quantified

in each group. AU, arbitrary units. (*, P < .05; **, P < .01) F-J, The
mRNA expression of Nrf2 (F), HO-1 (G), NQO1 (H), ILé (I) and IL8

(J) were quantified by PCR in Lx2 cells, Huh7-co-cultured CAFs,
Huh7°R-co-cultured CAFs, and BAFF siRNA-treated Huh7°R-co-
cultured CAFs, expressed for 48 h cultured in DMEM (10% FBS).
(n=4)(**, P<.01; *** P <.001.)

and contribute to chemotherapy resistance.®®%4 High IL6 expres-
sion in the tumor microenvironment can also promote cancer

progression and chemoresistance,® but chemoresistance derived
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FIGURE 5 BAFF knocked down Huh7°R-co-cultured CAFs caused less malignancy and chemoresistance in Huh7. A, Cell viabilities of
Huh7 co-cultured with cell-cultured medium of Huh7-co-cultured CAFs, Huh7°R-co-cultured CAFs, and BAFF siRNA-treated resistant Huh7-
co-cultured CAFs were checked by CCK8, incubated in DMEM (10% FBS) with increasing dose of sorafenib. Data analysis was performed
using GraphPad Prism 5 software. B, C, Invasion ability (B) of Huh7, and Huh7 treated with the CM of Huh7-co-cultured CAFs, Huh7°R-co-
cultured CAFs, and BAFF siRNA-treated Huh7°R-co-cultured CAFs was detected by transwell assay. Data analysis (C) was performed using
GraphPad Prism 5 software (n = 4). D, E, Migration rate (D) of above co-cultured Huh7 and Huh7 only was detected by wound-healing assay.
ImageJ quantification (E) of migration rate (n = 3). F, Summary of BAFF/NFkB axis in the interaction between HCC cells with CAFs. (¥, P < .05;

**, P <.01;***, P <.001)

from CAFs has rarely been studied. In this context, we co-cultured
the Huh7°R cells and parental Huh7 cells with Lx2 cells to develop
2 types of CAFs. These Huh7°R-co-cultured CAFs expressed high
levels of CAF-specific markers. Furthermore, Huh7°R cells could
induce CAFs highly tumor-promoting properties through the
BAFF/BAFF-R axis.

The BAFF/BAFF-R axis has been observed to modestly activate
canonical NFkB signaling, leading to rapid phosphorylation and nu-
clear translocation of NFxB p65,36'37
of Nrf2 and its related genes, such as NQO1.2 We noticed that in
Huh7°R-co-cultured CAFs, more BAFF-R was activated than usual,
leading to upregulated the nuclear location of NFxB pé5 in Huh7°R-
co-cultured CAFs. The activated NFxkB promoted IL6 and IL8 ex-
pression in Huh7°R-co-cultured CAFs and led to elevated tumor

and also enhanced expression

malignancy promotion ability of CAFs; Nrf2 and its downstream
molecules, NQO1 and HO-1, were similarly increased. High IL6 and
IL8 expression are reportedly related to chemoresistance in can-
cers.>1%12 When we treated Huh7 cells with CM from Huh7°R-co-
cultured CAFs, the Huh7 cells developed greater invasiveness, and
sorafenib resistance compared with Huh7 treated with the CM of
Huh7-co-cultured CAFs or the Lx2 cells. However, when we knocked
down BAFF in sorafenib-resistant cells, the previous effects in
Huh7°R-co-cultured CAFs, the increased BAFF/NFxB activation and
the upregulation of Nrf2, HO-1, IL6, and IL8, were all reversed. The
enhanced chemoresistance in Huh7 cells co-cultured with Huh7°R-
co-cultured CAFs also partly attenuated.

BAFF inhibitors are now widely used in clinical treatment.
Belimumab, a kind of BAFF inhibitor approved by the FDA, is mainly
used in rheumatologic disease, and some anti-BAFF antibodies as
well as anti-BAFF-R antibodies are used for leukemia.®®%° These in-
hibitors are potential agents against chemoresistance in nonhema-
tologic solid tumors, such as HCC. Although this study only used in
vitro experiments and tested resistant HCC cells, in the future we
will develop animal models for drug-resistant HCC to investigate the
role of BAFF in the tumor microenvironment in vivo.

Together, the current and previous findings support our hypoth-
esis (Figure 5F). In the Huh7 cells, when resistance to sorafenib was
strengthened, BAFF was also elevated, stimulating the CAFs to over-
express a BAFF receptor, BAFF-R, and to activate the NFkB path-
way including more p65 located in the nucleus. This resulted in the
upregulation of Nrf2 and its related genes, and promoted IL6 and
IL8 expression by CAFs. This cascade could induce drug resistance
in non-resistant HCC cells when treated by CM from HCCSR-co-
cultured CAFs.
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