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Anticancer Effects of Fibronectin Leucine Rich Transmembrane
Protein 3 as a Novel Therapeutic Molecule in Lung Cancer and
Lung Cancer-derived Stem Cell

Joong-Won Baek" and Pyung-Hwan Kim™*

Department of Biomedical Laboratory Science, Konyang University, Daejeon 35365, Korea

Lung cancer is one of the cancers with high mortality and incidence rates worldwide. Although, various anticancer

research efforts are underway to completely treat cancer, the challenge against it remains in the inability to eliminate

cancer stem cells (CSCs), leading to difficulties in curing the cancer and resulting in recurrence. As a result, there is a

growing interest in the discovery of new biomarkers and therapeutic molecules that can simultaneously target both cancer
cells and CSCs. From this point of view, we focused on fibronectin leucine rich transmembrane protein 3 (FLRT3), one
of the genes known to be present in human lung cells and the discovery from our previous cancer proteomic analysis
study. This study aimed to evaluate the potential of FLRT3 as a specific therapeutic biomarker for lung cancer and Lung
Cancer-derived-Stem Cells (LCSC). Also, to estimate the biological function of FLRT3 in cancer and LCSC, short
hairpin RNA (shRNA) was generated and showed the ability of the decreased-cell migration and cell proliferation of
lung cancer through ERK signaling pathway when FLRT3 was knock-downed. In conclusion, our study is the first to
report that FLRT3 has the potential as therapeutic biomarker for the treatment of lung cancer and LCSC.
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Table 1. shRNA series sequence

shRNA name shRNA sequence (5'-3')
shFLRT3 #1 UCAAGUAGCACCUCUAUCA UCUC UGAUAGAGGUGCUACUUGA UU
shFLRT3 #2 CAGAUAACCACUGCAAUAC UCUC GUAUUGCAGUGGUUAUCUG UU
shFLRT3 #3 CAAUCGAGAGCAAGAGAAA UCUC UUUCUCUUGCUCUCGAUUG UU
shFLRT3 #4 GGAAAUCAGGGAAACUUCU UCUC AGAAGUUUCCCUGAUUUCC UU
shFLRT3 #5 CAGUGAAAGCAGUAGUAAC UCUC GUUACUACUGCUUUCACUG UU
shSer CCUCGUGCCGUUCCAUCAGGUAG UCUC CCUCGUGCCGUUCCAUCAGGUAG UU

F Y20o2 o AZIKHardavella et al., 2016; Cojoc et al,
2015; Suresh et al., 2016). B3k ko] 7] vk 3% 3}
7te} s *gio*o— 70% ol S7HA F dvkes B
Aol thgk T o] U tiFH
E4e Washs ddE S o
k=t £ o]&3 &89 X

3 ) Th(Huang et al., 2022).
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X]E sdwA A8 F e AEE velevA]
& E4<] Fibronectin leucine rich transmembrane protein 3
(FLRT3)ES =33} sAlol o] dildoe] A7 ==X

o] P54l YEAE Hrle Bkt

R
M gt

o A= Al IR Al AS49, AbE ZHQE AIE Huh?,
AR e AE MCF7E, SE7|HEEE AS49Z5H
et d E71ME Lung Cancer Stem Cell (LCSC),
Huh72 58 28 79t =713 Liver Cancer Stem Cell
(LiCSC), MCF7=45-H gt 3% 7143 Breast
Cancer Stem Cell (BCSC)E ©]-83}91t}. A549, Huh7, MCF7
<2 American Type Culture Collection (ATCC, VA, USA)=
SE Fujeiglch oF AEFE wYdstr] s viAE 1%
penicillin-streptomycin (PS) (Hyclone, UT, USA)¥} 10% fetal
bovine serum (FBS) (Hyclone, UT, USA)E %713} Dulbecco's
Modified Eagle's Medium (DMEM) (Hyclone, UT, USA)E ©|
&5tk k=7 M 325+ DMEM/F-12 Nutrient Mixture
Ham (DMEM/F-12) (Welgene, Gyeongsan-si, Gueongsangbuk-
do, Korea) M#|o| 1% PS, 10% FBS, 5 pg/mL insulin (In-

vitrogen, CA, USA), 20 ng/mL EGF (Gibco, Life Technologies,
Grand Island, NY, USA), 20 ng/mL b-FGF (Gibco, Life Tec-
hnologies, Grand Island, NY, USA), 1% B27 (Invitrogen, CA,
USAYE #7Fsle] 6-well ultra-low attachment plates (Corning,
NY, USA)ollA] 14 &< vl o AlxE A5 well
Z 2x 10" 2 seeding 3] 7Y FoF wlFE . sub-
cultureE W Psle] F 149 FoF v 33 thKoh et al,
2022). AEELS BF CO, 55 5%%, &&= 37C #
Ashz w7IA w sk

Transfection

FLRT39] ¥dS Z4317] 913l linear short hairpin RNA
(shRNA)%} scrambled shRNA (shScr) (Genolution, Seoul,
Korea)2 A2}&}al, shRNA seriesS A549%} LCSCO| trans-
fection 3T} Al¥E= 6-well plateol] 2 < 10° ¥+ w3t
=, Lipofectamine™
CA, USA)E ©]-83}d FBS7} gl HliA|ol manufacturer's
instructions tHZ =33}tk 4417t 591 transfectionS 7
gk ¥, FBS7} E3he wiA = wghs| oL 244]3F 52t
wjekste] M3 Yol A shRNAZ| 553 233t =S 31
t}. Transfection®] ¥ MEZHE RNAE F=3}3L con-
ventional PCR< 71 8)3to] FLRT39] dS Flaoirt.
A}-8-%¥ shRNA series sequencei= Table 13}

3000 Transfection Reagent (Invitrogen,

Transfection®]]

ot

RNA &% 9 conventional polymerase chain reaction
(PCR)

243k “5<F transfections T3¢ A EZZHH TRIzol
(Invitrogen, CA, USA)S ©]&3}o] RNAE FE3ISITh
NanodropTM (Thermo Fisher Scientific, Waltham, MA, USA).S.
2 RNA &S A®3FaL 2X RT Pre-Mix (Solgent, Daejeon,
South Korea)= complementary DNA (cDNA)YE 3d 311t
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Table 2. Primer sequence

Primer Forward (5'-3") Reverse (5'-3")
GAPDH AGGGCTGCTTTTAACTCTGGT CCCCACTTGATTTTGGAGGGA
FLRT3 GTAACAGGGGAACHCAGTGA AAAGGTAACCAGGGCCACAG

71 Y5, manufacturer's protocol®] ™2} 2X Taq PCR Pre-
Mix (Solgent, Daejeon, South Korea)& ~33}3It}. 30|
2 AE2 2% o722 Al(Vivantis, Molecular Biology
Grade, USA)Z &3]3t F|, chemiluminescence detection
system (VilberLourmat, Everhardzell, Germany) .2 ©]1|X]&

etk PCRE T3] 18l AHS-
+ Table 29} 2T}

Sl primer sequence

Wound healing scratch assayS 2235t M|Z O|55 &9l

Z}7+2] shRNAZ transfection®] ¥ AXE 24-well plate
ol 5x 10%well T seeding 3H T} A7} plate2] 80%
A A ES vjet 5, 200 uL BatE o]l §E o]
goto] A 2a A S Hlth =3 E W 04
b Fok 2AIRE F-o] ARIS §m] % (Nikon eclipse Ts2R)S
o]-g3lo] #F3 T A7 12A4]7Fol 4] AE o)F A

& Image J > 713(National Institute of Health, USA) 2.
gFato] AT

==
2 49

M &3 FLSA transfections st 3 96-
well plateoll 8 X 10%/well W+ A|EE seeding 3+ F, A
2 270, 24, 48, 7221700 @A wjgEtdT) 3-4,5-
Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT
reagent; Sigma, UK)E well & 100 pL (2 mg/mL)= 4A]7F
&9t AEe ¥ AAdE formazans dimethyl sulfoxide
(DMSO; Sigma-Aldrich, St. Louis, MO, USA) 100 uLo] 20%-
B9 =Y. 1 ¥ microplate reader (Versamax microplate
reader, Associates of cape cod incorporated, MA, USA)%
540 nmoll Al S35 SAsGITE A7 3% HIE
7o AE S AEE vl

CHEH2] 4= Western Blot 24

shRNAE ©]8-35}¢] FLRT39| Ld-& ZHE A EolA
EzRIPA Lysis Kit (RIPA buffer and inhibitors) (DAWINBIO
Inc, Gyeonggido, Koera)E ©|-835}o] TS F&3%It)

T4 w2 BCA protein assay reagent (Thermo Fisher

Scientific, Waltham, MA, USA)< ©]-8-3}4] 20 pgo= 4=
3k %, 10% sulfate polyacrylamide gel electrophoresis (SDS-
PAGE)Z #2359t Ead v a2 PVDF membrane
(Milipore Co., NA, USA)O.2 o'5A|Z] 3, 59 &4 B

0.1% Tween 202 -3+ TBS-TE ARE3slo] 1417 <ot
E27S el o] %, 12 @A p-ERK (1:1,000) (sc-
7383, Santa Cruz., CA, USA)2} B-actin (1:1,000) (sc-4778,
Santa Cruz., CA, USA)S 4CollA] &} 5k nkEAZ T
TBS-T% membraneS 1037 5<F 39 &3k & horseradish
peroxidase (HRP)2} Z3tst 22 Al (1:10,000) (31430,
Invitrogen, CARLSBAD, CA)E 1A|7F &< vH-g-AIF U
Hk-g-o] £ membrane chemiluminescent ECL reagent
(Thermo Fisher, Waltham, MA, USA)E ©]-&-3}o] thuld &
AZ8H AL Image ] ZRIFS of&slo] =5 48

ik

EA &M

=] oty |
SPSS (SPSS Inc,. IL, USA)E ©]-8-3t one-way ANOVA

& ANl WY el AolF Amngk o FES
*P < (.05, **P<0.01, ***P<0.001= 3}3T}.

]

A
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f
CIFs MIZOj|A{e] FLRT32| &had &tol

Hof] EAsttiar &7 FLRT3 (Chen et al,, 2009)7} 2
A el BolH oz wdsh=A gR1slr] 918 o
Tl of Alx E aERE fEgk =7 MELCSOE
H-E FLRT3S] S v s QlthFig 1). A oF Al
A549, Huh7, MCF72} 7} to 2R e flE d=E7|Hx2
LCSC, LiCSC, BCSCE4-E| RNAS F%3}aL conventional
PCRE 338ko] FLRT39| WS 218k A}, A5499}
LCSColA th& HEEo) H& FLRT37} A 2d s
Ao T 7 AN SH(Fig 1A), ©]9] B 2=
(Fig. 1B)olA % 5Lt o] FR1= Atk o= FLRT37}k
AA FkS A% FHELRA L TFsAel S AR

Risss
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Fig. 1. The confirmation of FLRT3 expression in various cell
lines and cancer stem cells. RNA was extracted from human
cancer cell lines and cancer stem cell lines, followed by cDNA
synthesis, and PCR was conducted to verify the expression of
FLRT3. (A) The results of FLRT3 expression by PCR. (B) The
quantified data of the expressed FLRT3. FLRT3 from each cell
was quantified relative to GAPDH expression.
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#339} shFLRT3 #57KFig. 2A), #Fel =714 %9
LCSCOlIA]i= ShFLRT3 #12} shFLRT3 #37} FLRT3 &S
AAleh= a7t 7B 2 A4S R0 5 AAThFig

2B). W&}A], shFLRT3 #3(°]3} shFLRT3)7} Ohﬂioﬂxi

FLRT39] W3S oAk adrt 7P Hold e &
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shFLRT3Z ©]-83}o] A5499} LCSCOllA] FLRT3 &
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Fig. 2. Selection of the most effective shRNA for regulating FLRT3 expression. (A-B) Optimal shRNA decision for FLRT3 gene knock-
down in transcriptomic level of cancer and cancer stem cells, respectively. (C-D) The quantitative analysis of FLRT3 expression in cancer
and cancer stem cell. Data shown represent the mean £ SD (n=3). ***P <0.001, **P <0.01 compared with shScr.
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Fig. 3. Decreased cell migration ability by shFLRT3 treatment in cancer and cancer stem cell. To investigate the impact of reduced
FLRT3 expression on cell migration ability, a wound healing assay was conducted. (A-B) Bright image of the migrated cell. (C-D) The
calculated space by image J at 0 and 12 hrs. Data shown represent the mean = SD (n=3). ***P < 0.001, **P < 0.01, and *P < 0.05

compared with O h.
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Fig. 4. Decreased cell proliferation ability by the downregulation of FLRT3. (A) Lung cancer and (B) Lung cancer-derived stem cell.
Data shown represent the mean + SD (n=3). ***P <0.001, and *P < 0.05 compared with 0 h.

and Firestein, 2021).

WA, $-2l= shFLRT37}F A2 ¥ A& wle] A= o]ss
S ER1317] #13Fd wound healing assayS 7 3}t
(Fig. 3). Short hairpin FLRT3 (shFLRT3)7} #&]€ A ¥ =
24-well plate®l] seeding 3+ ¥, 200 pL E¥¥ vlo]sl ¥
< o] &ste] FdsHAl ~FHAE UL o]F, 0AIZE
RAIZE Fo] Al o5 AEFE dAn|FE oz AR &3}
% 3L(Fig. 3A-B) Image J L2198 o] &-3le] A3t 12

=

Z(Fig. 3C-D)= A|A}F ERISIGITE Fig. 39 AvfelA] & 4
9J5=0], A5499} LCSCOlA B 12417b8e] Afoll A 2t
zto] MaEell shFLRT37F A 2] & o 0A171A 2] Ao
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, FLRT37} Al E5e] S0l 2lo] om g 4
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Fig. 5. The change of ERK signaling pathway by shFLRT3 treatment. (A-B) The expression of p-ERK protein in shFLRT3-treated
cancer and cancer stem cell, respectively. (C-D) The quantification of p-ERK protein expression. Data shown represent the mean = SD

(n=3). ¥**P <0.001, and **P <0.01 compared with shScr.
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JEd= FE7IAER Qe ool A o
= zA 09| AolE AAA Rahe WA
o3 73] Folglth(Hardavella et al., 2016; Cojoc et al., 2015;
Suresh et al., 2016). T3k, #H|9ke] 7] ek 27| T4
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