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ReMyc EEERmAEFTNER, AXRIMBET CEXBEHENFREAE, & 5% &Kk c-Myc 8187 F
BB EETERGTRELIRKL c-Myc WEEXEE, WEFRERBEHEIME, #H Image) Ko
MRE T RECELXBENRAS, ETRELBENLAHAREARYE. HEAA AR RELEE LKA
CCKB XA BMAEERBEMAMMARS, ERETAMHALELU I AL ERT., REETEH K LEE
PCR 4 % (quantitative real-time PCR, qPCR)&: M A AL 1 . MR HURF NN AR E B IR AL H K%
B, FREFHREEARANAREAT ., KLERVW S XNELE P E ST XKL c-Myc RE R EZUFE F &
CLRmpEt. AXBEITRE LB EHAAEA, BLBRNEREFLRAREART RBEEE c-Myc & &
CEABRERAAMBANEEY . X TEELXBERIUCECRANEERAEMXAREA —EE5FE L,

KW wEE; REEEE; oMyc itk BEHFRL

Using esophagus organoid to explore the role of c-Myc in
esophageal cancer initiation
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Abstract: C-Myc gene is aberrantly highly expressed and participates in cancer initiation and development in various
malignant tumors including esophageal cancer, while the underlying mechanism(s) still remains unclear. In order to explore
the role of c-Myc in the occurrence of esophageal cancer, we successfully established the esophageal organoids (EOs) as the
research model. By constructing a lentivirus overexpressing c-Myc and developing more effective infection method, EOs
with stable overexpression of c-Myc were efficiently obtained. The morphologies of EOs with or without overexpressing
c-Myc were first analyzed with ImageJ, which showed no difference between two groups during continuous subculture.

Subsequently, we applied immunofluorescence and CCK8 assays to evaluate the cell proliferation, and the results showed
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no change in the c-Myc-overexpressed group as compared to control EOs. Furthermore, gPCR was used to detect the

expression of genes that are related to cell cycle, cell metabolism as well as esophageal cancer. The results indicated the

expression of these genes was not significantly increased in the c-Myc overexpressing EOs. In conclude, we discovered that

overexpression of c-Myc gene alone in the esophagus organoid is not sufficient to induce carcinogenesis in esophageal

carcinoma. In this study, we successfully established an esophagus organoid culture system and together with efficient

lentivirus-infection method for investigation on the effects of overexpressing c-Myc in esophageal cancer. Our work

demonstrated a promising research model for the study of esophagus development and esophageal cancer.

Keywords: esophagus cancer; esophageal organoid; c-Myc overexpression; lentivirus infection
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1.1 SEIRHFE

ASZI BT /N A CBTBLI6 i 2 6~8 JEI Bl /)N
B, WK H LA BSELR YA RN A il
S5 55T 293 4R Hh AR LB = B R

12 MNERREXBREESR

WAHT B/ N AL, G E 1.5 mL
Eppendorf 45 i in A C T ER B T A6 R (TH AL Tl ALK -
0.25 mg/mL Pronase E, 400 U/mL Collagenase I, 20
U/mL DNase 1), F 37°CH£JK 100 r/min jHfk 1 h, 72
43R%), 1000 r/min B0 3 min, 3 L, H PBS ¥t
2K, 40 pum JEM T EARAS BN LR, 1000 r/min
B0 3 min, HMEDINEE T UK L H o HGE &2 2 Uk
1) 55 I v AR A L, TR AT S AT 24 FLAR (30 pL/
fL), 37°CH#'E 15 min, 535K & E 5850
A 500 pL (R BURIARRE #3856 T M, 825 T 37°C
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Wi 2rss: FHRAE KM BT c-Myc 7e A A 48 e 603

TEALRIE SRR R, 2~3 KRG, SR
10~12 RJGHEAC, B KM ER RPN
Advanced DMEM/F12 (12634028, Thermofisher, 3£
FE)H s in 1xGlutamax (35050061, Gibco, E[H);
1XHEPES (15630080, Gibco, Z:[#); 1 mmol/L N-
acetylcysteine (A9165-5g, Sigma, 3[E); 10 mmol/L
Nicotinamide (N0636, Sigma, 3£[E); 1xPenicillin-
streptomycin (15140122, Gibco, 3£ [&); 1xB27
(17504044, Gibco, 35 [H); 10 umol/L Y27632 (13624,
Cell Signaling Technology , £ E); 10 mmol/L
SB202190 (8158, Cell Signaling Technology, 3
%), 500 nmol/L A8301 (75073, Cell Signaling
Technology, 3¢ [#), 100 pmol/L Gastrin (3006, R&D,
), 100 ng/mL R-sondinl (4645-RS, R&D, £ H),
100 ng/mL Noggin (6057-NG, R&D, £ [H), 50 ng/mL
EGF (236-NG, R&D, ).,
BERGEEMRINE: BRI RSEIEE R
Eppendorf & 1, 1000 r/min #.0> 3 min, % L. A
C WA IxTryplE (2216499, Gibco, %[ )iHfk
W 500 uL R, RAJE T 37°CH#E 5~10 min, £f
HALFE 5 5 20 TH Ak, F PBS ¥k 2 ¥k, LA%4 5000
AR R 24 fLAkdE iR IR EAT 3D K gR .
JE i (matrigel) (#356231) 1 H  Corning 23 # .
Pronase E (107433), Collagenase | (C0130), DNase |
(10104159001) ¥4 F 5% [ Sigma 23 A .

1.3 ERIE c-Myc BiRSEE SRS

Tt IR BN pLVX-P2A-Puro-GFP, M4

S PR T 1 e A 2 TTRE psPAX2 (#12260)

pMD2G (#12259)¥1) H 35 Addgene AH]. c-Myc
S S RIB R R R, EAK T 10 em 1L
BN 80%A A 1) 293T ZHMdrd, MA# 10 uL
vigofect, 7 pug pLVX-c-Myc. 2 pg psPAX2. 5 ug
pMD2G 1) DMEM ¥# ¥, 6 h Ji5 B A 58 e R Fe L 1
3%, 48 h g Fid, 1 0.45 um JEMEITuE. Uk
R8N EE IS, 45,000 r/min B0 2 h, &R
PBS N EEUIIE, MMM @k E 18w e, T
—80°CIR-AE. IJE, B 1 pL 1875y 293T 41,
MELHE G0 B I qPCR SZEGAG I c-Myc T i3 [K]
FIRTEM, KB c-Myc 1895 75 1A Ak
RPN E R, SRR SR B AL R A

B, LIRS EATE A B AR A A
WM EE (A 20 uL AW, REMIKRE N
10 pg/mL, SRR 250 uL MR AR o i b 77 4t
HEERMMERIES YA, MEmMAZ 48 fLiR
o, B S TR E LU 32°C &M
2000 r/min &5.0> 1 h, #2554 2 37°CHE IR 4 h 4k 2k
553% 6 ho =& 1000 r/min &.0> 3 min, = i, M
30 pL TR E B A M DOVE , ¥ 1.2 Fridk J7 k347 3D
Rigt. 29 72 h OGRS MRS & Lt
B, A 2 pg/mL Y IERS RS K (puromycin) k1 7k ,
Rige 2 R JE BVl AR A58 & L i 3Rk H 1 L 11
BERRE.

c-Myc FEH cDNA 14 K U5 T A 52 B 40 i .
NCBI H 154 st AR % 5~ Myc-206, 41 1365 bp.
UG ¥ 5'-GAATTCTGGATTTTTTTCGG-
GTAGTGGAAAACCAGCA-3', FifsakEs|¥h . 5'-
ACTAGTTACGCACAAGAGTTCCGTAGCTGTTCAA-
3, MM AMER A A . Vigofect % Yy i gL
Hadb st @ hi i AE B AR BGRA A . EG R
(A610593)1 F i A= T A=W TR BRA A

14 EBFEBERERALLE

PRSI 8~10 KA A A a8 B, IR T
Eppendorf & H . L 600~800 r/min E.0» 3 min, fH
4%PFA HEIRSEERGE, T 4°CHEE 5h, PBS
Pe—Kk, 600 r/min #5005 1 0.25% tryton 100x500 pL
HEIFBER 30 min, &L 600 r/min, % L,
JH 5%BSA YEN &M, #5000 pL AR E RS
B, WIEEE Lh, Bk L, AR E Pk
W (c-Myc, Ki67 ¥J1) 1:100 He R H1) 50 pL 5258
HIRA), BJ5 4°CoRMFf e . $25 H PBST 2
WUE 3, 10 min/ik o AN BC & 41 —H(CY3 ik
W 1 : 200, 647 —HiHkE M 1 400, Hoechst33342
WEESN 12 1000), ##E K Lh, BEJSH PBST Z2oh
WGE 3K, 10 min/ik, #4848 B 578 BRI A |,
TIPTOCEE R E F77), 36 LB R e idt o ik
[ 78 43 Je FH G SR A A B LB T A R, —20°C AR A7 o

c-Myc A (#18351)F1 Ki67 Hifhk (#9449)y [
[ Cell Signaling Technology /A 7] , P63 $i{£(ab124762)
5 i CY3(A10520) . 647(A32728) ¥y [ 3 [
Abcam 7t F], KRT13 ¥ {4k (66684-1-1g) I [ 32
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Proteintech /% %), Hoechst33342 (A3472)If H 3% [H
APEXBIO A #],

15 = PCR

PEHUIE 7 8~10 K EEZEAVE , WdE T Eppen-
dorf 4%, 1000 r/min .00 3 min, 2% [, SR
i RNA 2GR G AR PR ) $E I RNA, Hi
1 pgRNA, IR i) & (Promega, 3¢ )i 5% 5%
A W cDNA, Fif 10 f5% 200 uL, IFTF-20°CK
1A, JEZEHE B PCR (qPCR) I 7E I e 8 115 0 T

#1 gPCRI#F%
Table 1 Primers used in qPCR

fdi 1 1 uL A MK . 7E qPCR AL H L 10 pL R R 3
TR, BEAFE L B 3SR AL, I 2xSYBR Green
gPCR Master Mix(B21702) 4 3% [¥ Bimake /A ] 42 {1t
SR IR AR R BEE A 95°C 15 min; 95°C 15's,
60°C 30,40 MEH;95°C 10s,65°C~95°C (£3hf 5 s
Hahn 0.5°C). RBLGIMFFNER 1 s, Frfisly
BIEfE NCBI B Wikt Jf#E17T Blast (https://www.
ncbi.nim.nih.gov/tools/primer-blast/), i 4 ME% 2 )
S RIS Ctfl, LI GAPDH HNZ, Hifls 2724
BT A5 FE R A A e ik it

D] 44 R LiFF14(5—3) TEGIH(5'—3)

c-Myc- & CCCTCCACTCGGAAGGACTA CGTTGTGTGTTCGCCTCTTG
h-CCNA1 GAGGTCCCGATGCTTGTCAG GTTAGCAGCCCTAGCACTGTC
h-CCNA2 CGCTGGCGGTACTGAAGTC GAGGAACGGTGACATGCTCAT
h-CCNB1 AATAAGGCGAAGATCAACATGGC TTTGTTACCAATGTCCCCAAGAG
h-CCNB2 TGCTCTGCAAAATCGAGGACA GCCAATCCACTAGGATGGCA
h-CCNE1 GCCAGCCTTGGGACAATAATG CTTGCACGTTGAGTTTGGGT
h-GAPDH TGACTTCAACAGCGACACCCA CACCCTGTTGCTGTAGCCAAA
m-CCNA1 GCCCGACGTGGATGAGTTT AGGAGGAATTGGTTGGTGGTT
m-CCNA2 CAGCATGAGGGCGATCCTT GCAGGGTCTCATTCTGTAGTTTATATTCT
m-CCNB1 AATAAGGCGAAGATCAACATGGC TTTGTTACCAATGTCCCCAAGAG
m-CCNB2 GCCAAGAGCCATGTGACTATC CAGAGCTGGTACTTTGGTGTTC
m-CCNE1 CACCACTGAGTGCTCCAGAA CTGTTGGCTGACAGTGGAGA
m-CDK4 GTGGCTGAAATTGGTGTCGG TAACAAGGCCACCTCACGAA
m-ODC AGATCACCGGCGTAATCAAC TCCATAGACGCCATCATTCA
m-NAMPT TCGGTTCTGGTGGCGCTTTGCTAC AAGTTCCCCGCTGGTGTCCTATGT
m-MTA1 CGCTCAAGTCCTACCTGGAG TGGTACCGGTTTCCTACTCG
m-LDHA TGTGGCAGACTTGGCTGAGA CTGAGGAAGACATCCTCATTGATTC
m-NRF1 CCACGTTGGATGAGTACACG CTGAGCCTGGGTCATTTTGT
m-HMGCR CTGAGGAAGACATCCTCATTGATTC CCTGGACTGGAAACGGATATAG
m-Sox2 GGT TACCTCTTCCTCCCACTC CAG TCACATGTGCGACAGGGGCAG
m-KRT17 ACCATCCGCCAGTTTACCTC CTACCCAGGCCACTAGCTGA
m-Trp63 TGCCATGCCTGTCTACAAG GCTGTTCCCTTCTACTCGAATC
m-GATA4 CCCTACCCAGCCTACATGG ACATATCGAGATTGGGGTGTCT
m-GATA6 AAAGCTTGCTCCGGTAACAG TCTCCCACTGCAGACATCAC
m-VEGFA GGAGAGACTTCGAGGAGCACTT GGCGATTTAGCAGCAGATATAAGAA
m-GAPDH AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA

“h-" /K human, “m-" 37K mouse, “c-Myc-&” 4 RERIHI A5 IR A SR c-Myc #9514 ; CCN: cyclin; CDK4: cyclin dependent
kinase; ODC, ornithine decarboxylase; NAMPT: nicotinamide phosphoribosyltransferase; MTAL: metastasis-associated protein 1; LDHA:

lactate dehydrogenase A; NRF1: nuclear respiratory factor 1; HMGCR: 3-hydroxy-3-methylglutaryl-coenzyme a reductase,
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FH luna-fl X022 M40 (Luf-14-00980, 5 %)
THEO E A BE L 2 1500 4 /AL EERP E] 96 FLAR
HEAT 3D 537 o X FRATFI S K4 430l 455 9 Lo 4
T Dayl, Day4, Day5 Fj CCK8 il (APEXBIO-
K1018, SERE)KMIXIRH 3 NFLAY AN IE . A
96 FLiA i 10 pL 1) CCK8 i (5 90 pL ¥ FR R4,
BEJG T 37°CHEFM G35 3 h, 535 HLIEHF 96 FLAR
TEGEHR AR IN 480 nm &b WA, GE it I
Graphpad8 #4F 43 b2 - o

1.7 WNEB[ERMEED

BB R8T, TH A4 B g i
F Tuna X5 640 M T-501S0 450 7 20 vk i . #4¢ 500
N H/FLIEFNE] 96 FLARIEST 3D $5 5% o X RE 4L AN S
HA&EE 5 ML, T Day4d BgitE4~ 96 FLh %
FREEWEE, KN EEREFEFEERT
30 pmo T SN I R S AR A
B, & R E LR (%), X IR 5 5250 2H 4 1)
3 AL (F i fie i {5 e fIRME) , HREZR AR TR AL

REJ.
1.8 EKBJERSSFEHEMREIT

TEHURCA R BT, TH AL A5 PR A R
68 FHT 240 0 500 S T 50 e 20 B AR VR VR . L 3000
YNRLFLEEFD B 24 LD HEAT 3D Ki R, MAE 3
AL, PRGSO R . ARG JPEG
F& X I, B o3 Bt 1maged 234 & 2
E M K/NCERIR ), B H RS 100 2K
B, EREAEATH AR EE T . AR m AR
Guitsh S H Graphpad8 # {4 AERLIE, FF4Hrxt
MR 5 IS S KN R

1.9 HEAE
X R 2 55 5286 2H %4 - Graphpa8 AbHiJf22 141,
WG 2H [a] 1 2% SEPEPEAE SRt MR TEAL . B W

H*FRiE, *: P<0.05; **. P<0.01; ***. P<0.001;
ns: P>0.05, L EER,

2 RS0

21 MREEXBELER

A S Z 28PN F R R REEA T
()55 I 4N (basal cell) Fl 22 )2 AN [R) 2 3 41k 1) I 3
JZ 4l i (suprabasal cell)ZH 1§ , J2 5 20 it A1 356 23 41 g
(1) E AR S W73 51 4 P63 Fil cytokeratin 13 (KRT13),
TR M R4 L T4, GRS AN W7 7E
IF 17 WA NI A [FI R B2 oA i) L JE )= i, e
1o BE A DAL T B I V% o L X B A i
PR EE LR ARE I SA,

AW B T /N EE AL, K I A A8
AR, RS AE LB P R4 T 3D Ry g At i
TR FREL T Wint {5 Sl BEEE A H E, FRAT13RS
T IR AR (T R LR 3D 5537 . KR4 10
KIE R 3D B3 tn i 1 Fr s , Ol - B 4 RO 25
TG, 2 3 K]S FOP iLis 52 1) /N ERCR 8544 5
FI| 8~10 KB, /INBRAAZR A B B 7T UL 7 S0 2R
Y, BB, A SR A RRERY, H
EASEE L RIGA R EMIT.

ik BAE A E R RN RS RAE, A
T I SR UGS M T 3D KSR A0 M 2H L &5
WE 2 iR, 3D K5 324 e /2 A 4 i 4% 32 35 P63,
I P92 20 4B o U 3638 KRT13, X 5 &4 1
Y O N s = 5 T W 70 TS L )
RIS e G5 R AW S B T B R E .

22 FRiEc-Myc BELBENET

HIRGE c-Myc FYIIRE, FoA 228 B T8 s
BT RIINAERE RS E L RE c-Myc. H
et ERIE c-Myc FEN B EE EAR, B AT &
WG )7 A ik c-Mye I EEREGE, JHiE
it qPCR R 5 e e (4 S 50 15 FHIESE

221 BmaEHEs ke

1o F TR T AR I O e AN 1B 3A BT, AN
RSP IR IR E, MERLENEERSE
23 R 4% 8,58 (CoGFP) Jf- B A BE S 25 3 (puromycin)
Putk, REMARE M IRATEA T WA AT L, VR
o 1 0 T A AR FRATT A1 s 7 Bk e 293T 4
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Fig. 1 Single cells from mouse esophagus grown into saccular solid structure
A~E: /NEEAT AL AL B A S B 3R 9 RIE RSO3 R Y i R Fe B E BYJRERECR L,
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Fig. 2 Esophagus organoid expressed marker P63 and KRT13
BF% PID9 MEEREH,
N ANMEIAZ, BoRALE; KRT13 YL LEZ AN, SR hsta,

PR P63 il KRT13 #EATHAE T Y (045 5 . Hoechst33342 X Y4 MUt , Bs ik (o ; P63 etk
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Fig. 3 Lentivirus expressinging c-Myc was established successfully

ZIEME B EOIOEMAIR . C: qPCR SEIAM c-Myc FFEE R RIAH AL . *: P<0.05; **: P<0.01,

JiiL, Wk A EE LI T qPCR Sl c-Myc
TR AL . S5 OR 293T 4y E Rk st
@ut, R c-Myc T i R ¥ 35w &k, Ui
5 75 1 UG 293 T 4 fif I R ik AN c-Myc (&1 3,
B I C), KHIFRATR M & T 3K c-Myc 9% 75

222 BERLRBEOSABRLLSHik

AN E B H R E RS T S A A R
GREFRMERGITE, AXF R RS R E PR
PR A T HLANMAF % R AR, sk diis st %
ik c-Myc BRI GE, ROTRME DR G L f
¥ 22 W% 5 1k BRI I 4 i 5 1 9 7 42 L 3R 0T g 4
1o A ML TG 2 o R AT e R ) I R
HAED 2 pg/mL EMER MBI TSR 2 RZ W
RS PET IS TR 5 R A B BB S AR % 2 pg/mL
BRI R RGP R R IR L AR, B LR 9
KA PID9)MELZENIF M A& 4 frow, #10 WoR
T B SR B AN .

PE—2EFATE@ i qPCR A E e e Ye (A S 46 4G
M E c-Myc R IATEN, 458 5A il B B,
PR c-Myc SRR P m Rk, LR BTk, FRAT
RIS, T i ik o-Mye R EE T .

23 co-Myc TRIEMAELZENFMN

231 c-Mycit kxR FHRBELINH "

HAUY A ZZFLIE MR AR Z — B RSE c-Myc
REGHAHIREEEEENRR), RINEXMIT
i FRIE c-Myc BRI E WL SR ZIE I
YL 5 R B B A 3R, M — Rk
R A RS AT IR A BRIC S, &5 At
ImageJ Z3#r2eds B Y R/NCEEmR), FH A
Graphpad 48 2B AT 22 5. K 6A HraT L)
i, EEESERNREENR)E, MRS
YUAH LE R B S BA B & 225 MME 6B
6C HXF R G THEE T LI Y, X IR 4R 525 4
BE RN E BB % 2 5 (P>0.05). 2% L
iR, RIE c-Myc 5 BE I E ML ATy
SN ST EUNTE X Y T

232 c-MyciE KA EEREBEIAG YA

bR 2L R S H L . W
5% c-Myc i ERIRXFEE R, KATE B
Ki67 HUAAR AT G5 5O Yo £ 52 00 K6 T 45 25 2% 1 4
MOBEBE K, SR 7 s, o-Myc it Rk s
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Fig. 4 Esophagus organoid was efficiently infected and screened
18 2 R 5 B R B AR A 2 ng/mL IS R A B R IR T B 3R 2 PADT(HIAS 11058 7 KIS (LU MRS 5.

A B Hoechst33342 e-Mye Merge
5
20 % -
- =
o 15 | ==
#® 50 pm
“d 10
5
L] 5 |
Q)
o - T
At IR e-Mye-OE s

5 gPCRMEBRALBIHETHHREIRIE c-Myc HEEXSFRE

Fig. 5 Infected organoid highly expressed c-Myc confirmed by gPCR and IF

A: BIJEH SR 9 K (PLD9)H gPCR & illE c-Myc RIFRIAEE; B: Hisf 9 R(PIDRYEE & W AT YOI AL s, M c-Myc it
KK c-Myc ik, IF, Immunofluorescent staining method, ***. P<0.001,
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Fig. 6 c-Myc overexpression had no effect on morphonogy of esophagus organoid

A 1BIR R RS IR E T IE AR RS R, SR 8~10 X, i s —1R . BI85 7 g 9 KIGMAEKRIEN; B:
Xt HRZH RS2 B0 20 25 3% B T B I AL LB (PAD9); C: Xt HRADAI S B0 41 25 2% 1 T X i AL L B 45 SR (P7D9)» ns: P>0.05, LW FH %5,

Hoechst33342

100 pum

Xt B4l

c-Myc-OE

7 RERREBRETR KT WRIELBESTL
Fig. 7 1F showed no significant increase of Ki67 expression
TR G A R T, HBUE Kie7 17 e 9ot 45 4
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XTHRAL Y Ki67 ikt AR, H 3R A & #R7E 5L 40
Mo, UiBH c-Myc iE R iAJG Ki67 MRk I A T+,
RIY 290 i 1 5 58 K P 0AE HE

BEE)ZEIR TR h s R T 40 Mg 5 4 1k
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