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Nowadays, the using of medical and recreational marijuana is rising. Three
kinds of medical marijuana have been approved by the FDA for treating
chemotherapy-induced nausea and vomiting, and anorexia. Those of drugs are
developed from A®-Tetrahydrocannabinol (A%-THC), active ingredient in marijuana,
and display therapeutic effect through cannabinoid receptors, CB1 and CB2
receptors. Although there are lots of research discuss the association between
marijuana and different cancer risk, it is still lack of evidence. Thus, it is unclear
between the interaction between marijuana and tumor cells, which could influence
tumor growth and treatment. Here we demonstrated the oncogenic role of
cannabinoid receptors in colorectal cancer (CRC) by disclosing upregulation of CB1
and CB2 receptors in patients with CRC and mouse models. A>~THC induced tumor
growth and angiogenesis in mouse models. A human growth factor antibody array
indicated that AS-THC promoted the secretion of five growth factors in CRC cells,
leading to the induction of tube formation and migration in human induced
pluripotent stem cell-derived vascular endothelial cells (hiPSC-VECs). The nuclear
translocation of STAT1 played important roles in A°>-THC-induced angiogenesis and
those effects would reverse after STATL1 inhibition. This study demonstrates that
marijuana might increase the risk of CRC progression and that inhibition of STAT1

is a potential strategy for attenuating these adverse effects.

Key words: marijuana, A°>-THC, CRC, tumor proliferation and metastasis,
angiogenesis
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Table 1. A-THC 3t % e s e (e *

Cancer type Material A%-THC dose Effect?
10~75uM Fr+| proliferation
Juriet 40~75uM e tosi
~ i¥_i& apoptosis
Leukemia*® H R
10~75uM Fr+| proliferation
MOLM13 i
35~75uM % & apoptosis
SW480
HCT-15
CRC 34 2.5~12.5uM 8 i apoptosis
HT29
HCA7
A549 5~15uM
NSCLC 315
SW1573 10uM
SCID mice (A549) 5 mg/kg Fr+1 proliferation
BALB/c mice (4T1) 25 or 50 mg/kg
Breast cancer‘®
SCID mice (4T1) 25 mg/kg
UD-SCC-2
UPCI:SCC090
HNSCC 1 uM
(HPV+) 7 UM-SCC-47
93vU147T Fr+#1| proliferation
NU/J mice (UD-SCC-2) 3 mg/kg

a. Colorectal cancer (CRC) ; non-small cell lung cancer (NSCLC) ; head and neck
squamous cell carcinoma (HNSCC ) ; human papilloma virus (HPV)
b, 41358 4 £ eh i & 77 Frd i A LS BT 2 S PR

‘FF\' E’J"‘lb{ ”l‘j‘lrf 3 %%r’;r‘ 29

P4 32 5 PubMed 45 3 ehT B B3N 5 AS-THC 7 b Bop 82 8k < o



5
g

% 7 invitro 2 invivo 7 B o AP 0 ASTHC $5°7 F Jpom 3 B E_ 7

2R e T A RBELR IR A BEEER A £ (TR > R prd| R s & <
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Animal models of AOM/DSS-induced CRC

H,O | DSS H,0 Dss H,0 Dss H,0

wWo w1 w2 W3 w4 W5 weé W7 ws we w10

' t

AOM Sacrifice
FeF = AOM/DSS 3 H 2~ % 3 % | &A@ 2 -] B e ot
AOM 5 B+ H (125 mg/kg) » 2 153 R ik 4k 3 5 DSS ek | B4 3% 17 3
B 3% 10 34R4E ) B> T RERT) RS E S RER DL & o
MTT assay
% 96-well plate @ 12 3] % &£ ¢ AS-THC (0~20 pM) BJZ X % B % J o % th
(HCT116 ~ SW480 ~ RKO) 24 %2 48 ] p > &% 4 » MTT reagent ~ J& 6 |- p¥
{634 » DMSO #IE 550 nm 2w % i - fF 45 & b ik e ASTHC #7 3 # £
( non-cytotoxic doses )
Transwell migration assay
% 24-well plate srinsert # 125 pM % 10 pM 5 AS-THC £J2 3 % % serum-free

medium 1+ 5 B % % m e tk (HCT116 ~ SW480 ~ RKO) 24 |- pF » & % well #



4v » complete culture medium - # ¥ * 1% formaldehyde & #_‘wm*z 10 ~ 45 > £ 14
0.1% crystal violet % ¢ 10 4 48 B {5 * B pcdidp#&T 11 Image ) T & ™ 7 e
oo 0= ASTHC L3 B P 55 Yilphoe R iz chic 4 o

Lung metastasis mouse model treated A°>-THC

AS-THC 1 mg/kg, ip injection, every other day
]

Days IVIS measurements

| | aTHc | ATHC |
| 1 1 ]
I I | I
0 7 14 21
f t t
HCT116-Luc A°-THC Sacrifice
tail vein Treatment

injection
Pz o F G4 kLRAHCTLLG % th (HCTL116-Luc) » 25 7 15 5 & 41

44

) R E BRI R N 2 AR R RS s ] TR T
* BgeE A 02 1mg/kg &£ HAQ-THC - 8GR F s st m & o P
VIS R FBERIEB DL LR RS E 21 A B4R -

Xenograft mouse model treated A>-THC

A®-THC 1 mg/kg, ip injection, every other day
|

Days M 1
| | ae-THC p%-THC |
| | | ]
| [ [ |
0 7 14 21
HCT116 A°-THC Sacrifice
subcutaneous Treatment
injection

HCT116 % -] & (Male BALB/c nude mice) # #Ri&{7 & T L b > 30 % 7 X B 45

A % 12 1mglkg A £ ch A%-THC $] B (7 vt 45 0 A % 0 e pRip| £ 7R o
Sl B fEt R 21 A B TR -

Differentiation of hiPSC-VECs

#€_Taiwan Human Disease iPSC Service Consortium Resource Center 2~ ¥ 4 3 iPSC »
¥ % Matrigel coating ¢ dish + # * E8 2 ROCK inhibitor Y-27632 p45 32 % » %
iPSC £ I 85%:&% & {8 B 44 v oL & * RPMI medium + B27supplement without
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insulin + CHIR99021 (6 umol/L )+ & % 3 — =x medium> % = X - ¥ % * EGM-2
medium + VEGF (20ng/ml) + FGF2 (10ng/ml) & & % 3 - = medium » & -+ =
% o f {¢ ¢ * anti-CD144 MicroBeads # sorting » &% 1 £ w2 o

Tube formation assay

Bt ve 32 & 1S 4o~ B 0 48 ) PEIE JC T fwme £ 1x10° ehin e B 485 Matrigel
basement membrane matrix > 12 -] p¥{s ¥ g% ~ 2§ tube formation 3R % -
Human growth factor antibody array

Az & AS-THC &2 = 32 £ HCT116 <+ conditioned medium » F1* Human
Growth Factor Antibody Array (40 Targets ) - Quantitative (ab197445) 4 47 % F A
STHC #| & a2 =™ » Mg imre At ket £ %5 o & * HRP-conjugated
streptavidin & 12 UVP #id Bl % & 47 o

Chromatin immunoprecipitation and quantitative PCR (ChIP-gPCR) assay
#HCT116 £J2 5 uM A%-THC12 -] & » 4 » 2%formaldehydel5 4 4 i {7
cross-linked» 3% % #-'m?z Jc & = PBS ¢ 3t~ ¥ 4 » 1 ml 7 protease inhibitor - IP
buffer » #-17 3| e nuclear pellet 2 # 4 ¢ & IP buffer » - i# * control rabbit 1IgG &
anti-STAT1 antibodies & = ChIP assays - i 4] * 10% Chelex % B~
immunoprecipitated DNA % input DNA » & {& #-2_ &% i* i 7] reverse cross-linking
g3tk > 13 - Chelex # ",45 °

Gene knockout using CRISPR/Cas9 system

CRISPR vectors # 7. Cas9 2 STAT1sgRNAstransfect ] HCT116 # » & 12 1 jp| %
F Rk 2 ET transfect = 7 & F o EfEPiE g AR DI F L camonoclone k fa

B o
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i 4 457 NCBI Gene Expression Omnibus ( GEO) browser § ® & *> CB1 £

CB2 t & fhM cPlcp® B » f3r A iR i & moe ¥ » CBL 2 CB2

AIEAPH D Fiwre § B4 endB o HY 2 w5 E B Y CB12 CB2 41
B ede s R e B SRR B S e PR T S AR SR

¥ 2§ % - NCBI GEO database 3577 > 7 LR =& 14 5 B J ke > 1
CBl1 ¥ CB2 %&IFL‘F'S Wt ¥ % dm e 53 e e g (Figure 1) o A iriE- AT

AOMI/DSS % %+ % & % e 8% s » 112 1% HCT116 % % 5 % 4 & # 7%

]

A EperiE 2o A5 ) SR 0 4 L% 3] CBl1 & CB2 ’KLL Fime s R IEH
se A (Figure 2 )izt 2 % 857 > CB1 {v CB2 ¥ it &=~ * E % J& tumorigenesis
WY FEL LI o

WA PR RHEH ASTHC L7 § B F 2 5 3 S iore S 4 -MTT

S AT 0 w2 BHET AS-THC % € B8+ % & % % bw ¥ o cell viability (Figure
3) -5 d transwell migration assay i&— # 2 3 » %73 48 cell viability 7 A®-THC

AAHE 2T > A-THC ¢ P agiiie < % 2 %o imee R {72 it 4 (Figure4)
EE A4+ xenograft mouse model % invivo @ ELE AS-THC %47 .%; 4 £
o i ASTHC e g2 ™ > A g I F] AS-THC it g8 48 ¢ ok 40 & i ehoi %

1] Rakg &% ok Ao AP FIF|ASTHC ¢ # @84 £ 7 {4 {

A

<3f (Figure 5) o s% i dorfigs o shsr 8 ¢ 24718 F RF| AS-THC § iks §

She

74 o marker (CD31 ~ VEGF) # & #{ 4 > @ VEGF e IR { & MR~ )

B Fenjp b (Figure 6) o 2Py A ¥ — fad 3 HCT116 + % 3 % &k &

% b etaE 2 i A5 ) BURCA] Y BT - BRI % AS-THC & 4 iRLE "R
chd £~ ARG B ATA o UBA R R AP T i N AS-THC g 4 £ &

HiRaEw FATA sk G M (Figure7 &8) -



d 3t RTA NIE* KA B BN L e T IR ik > A R
o4 £ oo F|pt AP & A in vitro T 15 48 hiPSC-VECs %k 483t A°-THC 4r i@
24 B2 %5 hiPSC-VECs #7 + % 3 % g fmoe B e 3 174 B0 sz &1 AS-THC
fed2 ™ e HCT116 conditioned medium (HCT116 CM ) » % 15| % # hiPSC-VECs
Fed2 HCT116 CM > & ‘e dhue F 374 40 4 & R (700 4 chp BEengif 40 1 > Bt
$#p] AS-THC + it i% 18 1852 HCT116 4 & growth factor % 8285 p A ‘v ch4 £
Mmoo 2477 HCT116 CM 18 » AP D H ¢ 5 T 44 growth factors <4 R
€ P A3 40 & %) 5 GDNF -~ IGFBP6 ~ IGF2 ~ SCF~VEGFA » @ iz growth factors
SRR F I e 2 s NP M L GRS o AR ] UCSC
Genome Browser i& {7 4 47 » ¥ 5| 7 iz 7 f& growth factors 7 promoter regions

+ 4 % I eht — 4 transcription factor binding sites e % * # 2 1 » # B3] A%-THC

T2 ¢ B EIie+ - f& transcription factors mRNA e 3R o @20 i - 304E3
STATL pgf 3iLp] > 828 STATL thi-d 23 € LT ASTHC e 8> e &

FoE W KA S LR prgF D] STATL ¢ £ 3| ASTHC g 7 @ o mie [T 8

I|amre ¢ I & Flie T 6 growth factors 0 promoters + (Figure 10)

51 A EAS-THC #3518 STATL %k %57 48 growth factors i& (733 477 » 24 0
> W) i¢ * 7 STATL antagonists( fludarabine )12 2 CRISPR/Cas9 sk jisfr 4] STAT1
ShiE* o RPLEIET {8 growth factors s it o G fEE B 2 T AP REE
$]7 STATL £ 3|#r4]™ » &7 48 growth factors sh% L E T i & A°-THC AJ2 14
4T EEFSRA o P T ASTHC it 58 STATL %4757 4 growth

factors =% . (Figure 11)

Boig o AP EAETANTHC .3 25 STATL ki imed & B8 -
i & 7 xenograft mouse model * i& {7 in vivo L% » A i - STATL wild type
122 STAT1 knock out 7 HCT116 4~ %|fé fefe — & /] & # IR i) o e ad® A

STHC 2. = » sV P 35| & STATL knock out «r%& 8 » *fiR; 4 £ eIl 4 224 p9 &g
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(Figure 12) o 424500 ¢ e % 503 > A e eng s i A%STHC & 435 8 STAT

A p K RGE R B AT 0 MY £ o

Ee
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B Normal tissue (n=10)
B Tumor tissue (n=12)

0O Synchronous metastases (n=10)
O Metachronous metastases (n=8)

CNR1 CNR2

CNR1 CNR2
300 khk. 800 c S5 200
s 600 S5
ﬁ 5 200 § cx 150
< 400 52 E 100
Zo 100 200 82
<3 e g3p ©
z2d ZE £
% ° st °
4001— — 200 =2 50

Figure 1. NCBI GEO F # & #cdg 4 7 %% o LW BT ﬁ'&mg@;%c R
BRI G E SR e s L § enipt T B e s CBL 2 CB2
MRNA 2 3L E ¥ 8 - + B ¢ #F f4£mg;4;§4c IR EILE A S e b
## 3 < % & % % (Synchronous metastases - Metachronous metastases) # -
% CB1 2 CB2 mRNA ¢4 3§ 4p >t primary tumor site % { 5 % 5 -

&
N Qs)tpb\\\
3 | 2 0 & &
d;b 6‘\69
I I I A —
[ T T 1 [ 0 T T _
W2 W3 We W5 We W7 W8 WS W10 g
4 3 . ¥
Sacrifice ; —
AOM/DSS CRC lung metastasis
Control (week 10) Control (day 21)

Py

Terminal colon
cB1
cB1

CB2
cB2

Figure 2. IHC % ¢ A4 AOM/DSS + % 3 =§~)§7 | R 2 WS Res CBL &
CB22 #R% - 2§ : f/* AOM/DSS 3 & AAHERE LHAGERY
B IHC PRI % 58 % ke H lgmg _f%wa T CBl1 2 CB2 e 1§
BR oW AP A E SRR EGY Y o e P iF IHC ko
BERIAPROT R e 2% > 1 CBL 2 CB2 i ERF -




Cell viability assay (human CRC cells)

HCT116 SwW480 RKO
140 4 140 140
2 120 X 120 < 120
2 100 ..——-K* # + 2 100 2 100
3 { ! T 80 5 80
E :2. - | .g 60 -s 60
= 404 (W24h z 4 = a0
S 20 |I48h_ o 20 S 20
(] — — 0+ o4
0 01 05 1 5 10 20 0 01 05 1 5 10 20 0 01 05 1 5 10 20
A%-THC (uM) A%-THC (uM)
A%-THC (uM)

Figure 3.7 Bk R ASTHC R H A B E B REBm e 3 A F 2L BB F ¥ =
% E %ok mre th (HCT116 ~ SW480 ~ RKO) &7 ik & T «hASTHC ki i MTT
assay © A PR F A5 M 2 10 M ik B T 280 e theh viability - ¥ 5 T
Bioaik R o> FIAAPTERESUMZ2 10gM kB kT e P B E o

A Transwell mgration assay (human CRC cells)
A9THC HCT116 SW480 RKO

HCT116

Migrated cells (%)

SW480

RKO

B Wound healing assay g 600 1
HCT116 Il Vehicle
( ) =2 500 {|[] A%-THC 5 uM g
Oh 24h 40h @ X
h L 8 uno ] [J A%THC 10 uM o
Vehicle | 2
2 30 ; -
A%-THC e 200
5uM 8
2 100 |
pe-THe || =
10 pM 0
24 hrs 40 hrs

Figure 4.7 Bk B ASTHC =R # < B E S RHEBme RFN 4 2 BE - 17 (A)
transwell migration assay % (B) wound healing assay gL & 3] ~ % & % J& %% & A°%-THC
3% % ¢ dose-dependently RiE R fmfe e {7 4 4 o
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A B
AS-THC 1 mg/kg, ip injection, every other day
Days T L | B 36 ¥
| |  asTHC ATHC | §% [
| B 25
] ] ]
I T T 1 5 20
0 7 14 21 c 15
T T o 10
g 5
HCT116 A°.THC Sacrifice 8
subcutaneous  Treatment Lo
injection Week 1
C
1 |
2000 " A%THCtreatment
=~ 1800
£ 1800 M Vehicle, N=6 *¥e
E a0 [J A®-THC 1 mglkg, N=6
£ 1200
S
3 1000
> 800
S 600
% 400
F 200
0

0 3 6 9 12 15 18

Day after transplantation

21

[l Vehicle, N=6
[ A®-THC 1 mg/kg, N=6
Hkk T 25 *%

5 20 [
2
g 15
2
c 10
[=]
2 5
£
= 0

Week 2 Week 1 Week2

Figure 5. 1% xenograft mouse model % A>-THC %3 & h 5 - (A)
xenograft mouse model % AS-THC A&J2 2 protocol « (B) A%-THC A2 ™ /| & it &

Z Ak E B 4 o (C) AS-THC A2 i (7 £ 17

J\&Eo

CD31

VEGF

Figure 6. IHC % ¢ £ 45 AS-THC
W (A&B) ASTHC 72§ %7 ¢
REH 4 o (C) et | Brgekd VEGF thi RELHF I ML -

(o8]

Serum VEGF (pg/ml)
Tumor volume (mm?3)

,
"

VEGF vs tumor volume correlation
in CRC xenograft model

180
160
140
120
100
80 .
60 e
40
20

R=0.942 .
P <0.001 ®

4 6 8 10 12 14 16 18 20 22
VEGF (pg/ml)

xenograft mouse model * $t%.% & § #72 cF:

W e sk g A4 hmarker (CD31-VEGF) %
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B Vehicle, N=5

A [ A°-THC 1 mg/kg, N=5
AS-THC 1 mg/kg, ip injection, every other day -
1 - = a5 *dke
I 1 T 3% *kk £ |_|
Days IVIS measurements s 30 lﬁl | 5 20
k= =
| [ avtHC | ATHC | I g 45
20
L 1 1 ] a 3
! I T 1 g 15 € 10
0 7 14 21 S 10 S
toy t g ;e
HCT116-Luc AS-THC Sacrifice L o £ 0
tail vein Treatment Week1 Week 2 Week1 Week2
injection

C CRC lung metastasis (day 21)

Figure 7. 1% IVIS % AS-THC
. CRC lung metastasis model ¥
$985% 4 £ 053 ¢ (A) CRC lung
metastasis model 2 ASTHC /&2 2.
protocol - (B) AS-THC g2 ™ /| &
&R & 2 4ok g e o (C) A
-THC w32 =™ i & i+ & tumor

Vehicle

Photon detected (x108)

A°-THC

burden -

>

CD31

VEGF

Vehicle AS-THC 1 mg/kg B VEGF vs tumor volume correlation
7 > 3 = in CRC lung metastasis model

N
(=3
o

R=0.912
P<0.001

1.7
1.6
1.5
1.4
1.3
1.2

ey
a
o

Serum VEGF (pg/ml)
g 3

Photon detected (x10°)

5 0 5 10 15 20 25
VEGF (pg/ml)

Figure 8. IHC % ¢ 4 45 A®-THC % CRC lung metastasis model © %8 %5 ¥ #74
4 (A&B) AS-THC s % & (75 8 ¢ & ¥ #74 % marker (CD31+ VEGF)
2 IMEH S o (C) g edat | Egmed? VEGF i RESEF L MNP -

12




A Tube formation assay B e
(hiPSC-VECs + HCT116 CM) Transwell migration assay
Quantitative (hiPSC-VECs + HCT116 CM)

Oh 24h image

Vehicle

AS-THC |
5 uM||:

AS-THC
10 uM

W Vehicle

[] ASTHC 5 uM

[ ASTHC 10 pM
*%k

24h 40h

- BEA

»n
o
=]

250 **
200

150 ¥
100

*%*

-
o
o

Total Tube Length
(% of Control)
o
o

S
o
Migrated cells (%)

=]

Figure 9. % A°-THC A&JZ~ 7 HCT116 CM # hiPSC-VEC & ¥ #7
42 RiFBE o (A) AYTHC & @ HCT116 CM e hiPSC-VEC w
¥ AT ek { ¥ o (B) A®THC i # HCT116 CM iaie hiPSC-VEC

RiFahi 4 (¥ -
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