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As tumors develop, they encounter microenvironmental stress, such as hypoxia and glucose depletion,
due to poor vascular function, thereby leading to necrosis, which is observed in solid tumors. Necrotic
cells are known to release cellular cytoplasmic contents, such as high mobility group box 1 (HMGBI),
into the extracellular space. The release of HMGBI, a proinflammatory and tumor-promoting cytokine,
plays an important role in promoting inflammation and metabolism during tumor development.
Recently, HMGB1 was shown to induce the epithelial-mesenchymal transition (EMT) and metastasis.
However, the underlying mechanism of the HMGBIl-induced EMT, invasion, and metastasis is
unclear. In this study, we showed that noninvasive breast cancer cells MCF-7 formed tightly packed,
rounded spheroids and that the cells in the inner regions of a multicellular tumor spheroid (MTS),
an in vitro model of a solid tumor, led to necrosis due to an insufficient supply of O2 and glucose.
In addition, after 7 d of MTS culture, the EMT was induced via the transcription factor Snail. We also
showed that HMGBI receptors, including RAGE, TLR2, and TLR4, were induced by MTS culture.
RAGE, TLR2, and TLR4 shRNA inhibited MTS growth, supporting the idea that RAGE/TLR2/TLR4
play critical roles in MTS growth. They also prevented MTS culture-induced Snail expression, pointing
to RAGE/TLR2/TLR4-dependent Snail expression. RAGE, TLR2, and TLR4 shRNA suppressed the
MTS-induced EMT. In human cancer tissues, high levels of RAGE, TLR2, and TLR4 were detected.
These findings demonstrated that the HMGB-RAGE/TLR2/TLR4-Snail axis played a crucial role in the
growth of the MTS and MTS culture-induced EMT.

Key words : Epithelial-mesenchymal transition (EMT), high mobility group box 1 (HMGB1), multicellular
tumor spheroid (MTS), RAGE/TLR2/4, snail
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RAGEE #2d ¥oj9lth, HMGBIS RAGEY 24314 1)
p38, p42/44 MAPK kinase, stress-activated protein kin-
ase/c-Jun N-terminal kinase 57 #-& MAPKs (mitogen-ac-
tivated protein kinases) A1 ZH 24 25 3o NF-kBE &
X380 2 M cytokine (TNF, IL-6, IFN-y &) A4 & F=3}
1, 2) CDC42/Rac GTPase &4 3t T3t cell motility S
243010, 23, 43, 47, 51].

=3 HMGB1& TLR29} TLR49l Z#3ted tumor meta-
stasiso| A £ 83HA Z-&ste 202 dHA AT, 3, 50, 51.
HMGB1 TLR2 #-§-3}o] NF-kBS} STAT3, Smad39| €4
S f%3t3 IL-6 ¥ TGF-BE 53l breast cancer stem cell
self-renewal, tumorigenesis, metastasis®l| 7] gth[3]. ET
HMGB1< TLR2/TLR49} 4528819 MyD8S (myeloid
differentiation primary response protein 88) °JEX O Z
NF-KBE &7 3} 3TH[14, 1922, 26, 33, 40].
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platesel] 400 cells/200 ul media/well= B} ¥atAch. v &
3dAFH 2d AstAth. MTS
growthE Z743}7] 9|3l spheroid®] diameterse 2% 174
2 ZA3 9. MTSE 353ty formalin® 2 fixing®d &
paraffin sectiondt] H & E @43 HO-PI o]5 ¢4 434
oA S PR TR TH24, 31]. MTS v %ol MCE-
7l MAE 9FS 2AELI -?‘]'EH MCF-7 MTSE 3] 38}¢]
05X trypsin® & dissociation & $ MTS/MCF-7 cells re-
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MCEF-7¢] jetPEI (Polyplus transfection, SA, USA)E ©| &3}
] Control ¥ Snail, RAGE, TLR2, TLR4¢l| E-0] 2 0.2 ¥-g-3}
T shRNA/pSUPER vectorsE A @A 5@ ¥ 9

8 A2t transfection 3+ % TH24]. shRNA target sequences
© Table 19 A= o} 9t}

Western blotting ¥ real time qRT-PCR
Western blotting % real time qRT-PCR2 4 3 4ol A 3]

Table 1. shRNA target sequences used in this paper

Genes Target sequence 5 to 3’
Con shRNA AATTCTCCGAACGTGTCACGT
Snail shRNA GCGAGCTGCAGGACTCTAA
RAGE shRNA  CGAGTCCGTGTCTACCAGATT
TLR2 shRNA CGGAGAGACTTTGCTCACTCTGAAA
TLR4 shRNA CCAACAGCATTTAACTCACTCTCCA




Table 2. Primer sequences used in this study
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Gene Sequence 5 to 3 Annealing T

Real-time qRT-PCR

B-actin NM_001101.3 sense ACTCTTCCAGCCTTCCTTCC
antisense TGTTGGCGTACAGGTCTTTG

Snail NM_005985 sense ATCGGAAGCCTAACTACAGC 55
antisense CAGAGTCCCAGATGAGCATT

E-cadherin NM_004360 sense GATTTTGAGGCCAAGCAGCA 55
antisense AGATGGGGGCTTCATTCACA

RAGE NM_001136.4 sense AGGACCAGGGAACCTACAGC 55
antisense CCTGATCCTCCCACAGAGC

TLR2 NM_003264.3 sense TGCCACCGTTTCCATGGCCTG 60
antisense TCCACCCAGTAGGCATCCCGC

TLR4 NM_003266.3 sense AATTGCTGTGGGGCGGCTCG 62
antisense CAGGCGCGAGGCAGACATCA

Sk W o2 3l Th24]. Western blotting®ll A8+ &)
(antibodies)= RAGE (Santa Cruz, CA, USA); a-tubulin (Bio-
genex, CA, USA)°|t}. TRIzol (Invitrogen, Carlsbad, CA,
USA)& o] 4314 total RNAE Al XA £23t% T} Tran-
scription levels2 real time qRT-PCRE ZA 3t Atk A&
primer sequencesi Table 29 A &= Qlth g-& B-actin®
 normalizationd} §1 T}

24 71HAY 2] 9 U3 (IRB)S 4! 9J(IRB
L g AAAL LY YEY A 259
A A9 -2 (National Biobank of Korea,
HkokT}, £+ ¢ (breast cancer)> A} #70331,
#70648 (infiltrating ductal carcinoma)¥ #69965 (invasive
ductal carcinoma), #69941 (metaplastic carcinoma), #70168
(pleomorphic lobular carcinoma)©] 3L, ™% (colon cancer)
2 32} #71335, #71593, #70852, #71304 (adenocarcinoma)}
#70825 (mucinous adenocarcinoma)°|th. I3 WA
(ovarian cancer)> 34} #1963, #1844 (clear cell carcinoma)¥}
#1903 (mucinous cystadenocarcinoma), #2281, #2297 (serous
adenocarcinoma)©| th. Z7he] AL wjAH HAd =4
fz3te] £438 At 24 50-100 mg @ TRIzol (Invitrogen,
Carlsbad, CA, USA) 1 ml& AHE3}, tissuelyser (QIAGEN)
30 Hzol A 2-3% homogenizationd ¥, total RNAS
399t} Real time qQRT-PCRE A AI5He A7k & 22 of *H
A Bds AT

EHEE 2M

Real time gqRT-PCRE 4 3W Fastglon, 2 AgE
T WA o kRSt 24" A dHolE FA4 794
< Student’s t testE 53t AF3H T ZE AF+= mean

ol

+ SEZ Yehl o, p<0.05E SASH o= sttt 3t
T3k
21 9 7
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Ll R
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MTSE BAE< BZskAth(Fig. 1A, Fig. 1B).
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HMGB1-& tumor-promoting cytokine . 2 2830 24 tu-
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oJ& W=5 = HMGBO] tumor progression®] B 8¢ EA4&
A Hold Aoz AAZY.
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o
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Fig. 1. MCF-7 cells acquire the potential to exhibit EMT during MTS culture. (A) MCF-7 cells were seeded onto 1.2% agarose-coated
96-well plates at a density of 400 cells per well and cultured up to 9 days. Formation, growth, and morphology of MTSs
from MCE-7 cells were measured. (B) To calculate MTS size, diameters of five spheroids were measured at intervals of
two days. Results are expressed as mean * SE from three independent experiments. **P<0.01 versus MTS 3 days. (C) MCF-7
cells were grown as MTSs and the spheroids were sectioned and stained with H & E staining and HO/PI staining after
7 days and 8 days of culture. (D) MTSs were developed using MCF-7 cells that were cultured up to 9 days. MTSs were
dissociated and transferred back to 2-D culture plates for 48 hr. The dissociated cells were analyzed by phase-contrast for
cell morphology. (E) MTSs were developed using MCF-7 cells that were cultured up to 9 days and then MTSs were dissociated
and transferred back to 2-D culture plates for 48 h. The cells were analyzed by real-time qRT-PCR using the indicated primers.
**P<0.01 versus 2-D culture. All error bars represent the SE. All scale bars represent 100 pm.

sociation 3 § MTS/MCF-7 A| & replatingdt®] 2D culture
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HMGB1-RAGE/TLR2/4/Snail0| MTS HH0]l QIS EMT
Ol OlXl= Y& B4
HMGB1# HMGB1 & (receptor)?l RAGE, TLR2,

TLR4+ inflammation ¥ metastasis, tumorigenesisoll % 2.3t
A Agste Aoz &#A th =3 HMGB1% RAGE %4
€ %3 tumordl A Z7FH o] 910H tumor invasiveness$}
BAsHA ddHo e AoE dHA UTHI0, 23, 43, 47,
51]. =& o] AFolA FEW A LHE = hypoxia %
glucose depletion®] 2|3} necrosis += ¥ HMGB1 W &&
Sl sk A th24, 31].

AA EMTE frests A9 AAIAS Snaile] MTS
3 MAE 9FE 4 23} Snail ShRNAZF MTS 4%
S qATEs #ES AT (Fig. 2A, Fig. 2B). =& Snail ¥ o
necrotic core F4 5 7] A< MTS 7 daysell Al & o] 714
< real-time qRT-PCRS &3 &3 3 th(Fig. 2C).

HMGBI1°] MTS 479 ulA& g&-& 2AF7] 98 RAGE,
TLR2, TLR4 shRNA9| ¥93& ZAS A3} RAGE, TLR2,
TLR4 shRNA7} MTS 4&<& A4S B2 Th(Fig. 24,
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Fig. 2. RAGE/TLR2/4 signaling is involved in MTS culture-induced EMT via Snail activation. (A) The formation, growth, and
morphology of MTSs from MCE-7 cells transfected with shRNAs for Snail, RAGE, and TLR2/4 were measured. (B) To
calculate MTS size, diameters of five spheroids were measured 7 days and 9 days. Results are expressed as mean + SE
from three independent experiments. **P<0.01 versus control shRNA; *P<0.01 MTS 7 days. The bars in the graph represent
mean * SE. (C) MTSs were produced using MCF-7 cells transfected with shRNAs for Snail, RAGE, and TLR2/4 and cultured
for 7 days and 9 days. Then, the cells were dissociated and analyzed by real-time qRT-PCR using the indicated primers.
*P<0.05; **P<0.01 versus 2-D culture, #P<0.05; #p<0.01 versus control shRNA. (D) MCEF-7 spheroids cultured for the indicated
times were analyzed using immunoblotting with antibodies against RAGE and a-tubulin. MTSs were produced using MCE-7
cells transfected with shRNAs for Snail, RAGE, and TLR2/4. MTSs were dissociated and transferred back to 2-D culture
plates for 48 h. The cells were analyzed by phase-contrast microscopy to assess cell morphology (E) and real-time qRT-PCR

using the indicated primers (F). **P<0.01 versus 2-D culture,

SE. All scale bars represent 100 pum.
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*P<0.01 versus control shRNA. All error bars represent the

th(Fig. 2F). °| & %3] RAGE/TLR2/4-Snail axis”} MTS cul-
ture-induced EMT BH A d@HA 55 & & At
o]# 3t AF}ELS MTSH A necrosis’} € ojvt7] Aol HMGB1
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HE BES At (Fig. 3).

A7) gastric cancer colorectal cancer®] 4 RAGE levels-&
invasive ¥ metastatic phenotype®t A#H e o2 &
HA ITH10, 23, 43, 47, 51]. HMGB1< hepatocellular carci-
noma®| Al RAGE signaling pathway % NF-xkBE &3} cel-

lular proliferation®} invasion, metastasis®ll 7|o3t& A2 =2
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Fig. 3. The expression of RAGE, and TLR2/4 in human tumors. real-time qRT-PCR data showing the expression of RAGE and
TLR2/4 mRNA from the indicated tumor types and histological stages (TNM classification) of breast (A), colon (B), and
ovarian cancers (C). Relative levels of mRNAs were normalized to those in the corresponding normal tissues. *P<0.05; **P<0.01
versus matched normal (N) tissues. All error bars represent the SE.
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