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FTO promotes colorectal cancer progression and
chemotherapy resistance via demethylating G6PD/PARP1

Dear Editor,

Cytotoxic chemotherapy has long been the backbone of
treatment for colorectal cancer (CRC) in patients. In spite
of advances in therapy, the 5-year survival rate is still unsat-
isfactory, mostly due to chemotherapy resistance in the
therapy process."” In our study, we demonstrated that
the fat mass and obesity-associated (FTO) protein pro-
motes CRC progression and increases chemotherapy resis-
tance, thus, targeting FTO is a promising strategy for ther-
apy CRC, which not only blocks tumor growth, but also
reverses chemotherapy resistance.

The m6A modification is a dynamically reversible pro-
cess, added by methyltransferases (Writers: METTL3,
METTLI14) and removed by demethylases (Erasers: FTO,
ALKBHS). To explore the fundamental role of m6A mod-
ification during chemotherapy, we found that the level of
m6A modification was decreased in the cells treated with
5-FU and cisplatin, the clinical treatment drugs for colorec-
tal cancer (Figure 1A). Later, we also screened out FTO
as the major driver in regulating m6A modification dur-
ing 5-FU and cisplatin treatment from m6A methyltrans-
ferases and demethylases (Figure 1B-D; Figure SI1A-C).
What’s more, we proved that FTO’s response to chemother-
apeutic drugs depends on its m6A demethylase activity
(Figure 1E). Lastly, knockdown of FTO also increased the
sensitivity of CRC cells to chemotherapy drugs (Figure 1F;
Figure S1D-E). In short, FTO, as a demethylase, responses
to chemotherapeutic drugs stimulation is universal. These
finding means that FTO plays an antagonistic role in ther-
apizing CRC by chemotherapeutic drug.

To explore the role of FTO during chemotherapy drugs
treatment, we found that 5-FU and cisplatin treatment
increased ROS (Figure 2A), which are consistent with pre-
vious studies.®> At same time, knockdown of FTO also
induced ROS levels (Figure 2B). As NADPH plays a
vital role in maintaining ROS, this will post damage to
genome stability and cell senescence. Indeed, the loss of
FTO reduced NADPH/NADPT ratio, not NADH/NAD™,

(Figure 2C and D). Besides, targeting FTO also disrupt
DNA damage repair and ultimately promotes cell senes-
cence (Figure 2E-G). Interestingly, cell senescence and
DNA damage were restored by eliminating ROS (Figure 2H
and I), which proved that FTO regulates CRC cell senes-
cence and DNA damage by regulating ROS (Figure 2J).
To explore whether FTO regulates these processes depen-
dent on its activity, we treated cells with FTO inhibitors
(Rhein/FB23-2) and found that the inhibition of FTO activ-
ity also induced ROS, DNA damage, and cell senescence
(Figure S2). These results suggested that targeting FTO to
therapy CRC as the same function as chemotherapeutics
(5-FU and cisplatin), which induce ROS and break genome
stability. More interesting, we found that targeting FTO by
shRNA or inhibitor decreased CRC cell proliferation and
tumor growth in vitro and in vivo (Figure S3).

G6PD, as first key enzyme of pentose phosphate path-
way (PPP), is main producer of NADPH.* PARPI1 plays an
indispensable role in DNA damage repair, especially DNA
double-strand breaks (DSB). Thus, to explore whether
FTO regulates redox homeostasis and DNA repair process
are mediated by G6PD/PARPI through m6A modification;
First, we performed real-time PCR and western blotting
assay and found that FTO regulates the mRNA and protein
levels of G6PD and PARP1 (Figure 3A,B; Figure S4A-C).
Next, we found that FTO removes the m6A modification
on G6PD/PARPI mRNA by MeRIP-seq/MeRIP-qPCR
assay (Figure 3C; Figure S4D-F). As the m6A modifica-
tion is recognized and bound by m6A-binding proteins
(Readers), which control mRNA fate and function. Lastly,
we identified YTHDF2 as G6PD/PARP1 m6A reader
protein (Figure 3D), which mediates the degradation of
mRNA.’> Indeed, we found that the GGPD/PARPI mRNA
stability was markedly decreased upon FTO knockdown
(Figure 3E), while, the decreased G6PD/PARPI mRNA
stability was restored by knockdown of YTHDF2 in
FTO depletion cells (Figure 3F; Figure S4G). What’s
more, we identified specific m6A modification sites
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FIGURE 1 FTO mediates chemotherapy process in CRC. (A-C) The m6A modification level of total RNA and mRNA and expression of

mo6A regulator with treatment of 5-FU and cisplatin. (D) The m6A modification level in FTO/ALKBHS5 knockdown cells with treatment of
5-FU. (E) The sensitivity of 5-FU was detected in LoVo cells, which overexpressed FTO wild -type or mutant. (F) The sensitivity of 5-FU and
cisplatin in FTO knockdown cells. Data are presented as the means + SD (n = 3) *p < 0.05, **p < 0.01, ***p < 0.001

on G6PD/PAPRI mRNA (Figure 3G and H), and con-
firmed that the YTHDF2 binding ability on G6PD/PAPRI
mRNA was decreased when these sites are mutated
(Figure 31).

To determine whether G6PD/PARPI is involved in reg-
ulating chemotherapy response mediated by FTO, we
treated CRC cells with 5-FU and cisplatin and found
that both G6PD and PARP1 mRNA and protein levels
were highly increased in 5-FU or cisplatin treated CRC
cells (Figure 3J; Figure S4H,I), while the increased G6PD
and PARP1 were blocked by the inhibition or knock-
down of FTO (Figure 3K). These results confirmed that

G6PD/PARP1 as the key downstream involving in regu-
lating CRC chemotherapy resistance mediated by FTO.
To explore the role of G6PD/PARPI in regulating oxida-
tive stress and DNA damage, we forced expression of
G6PD/PARP1in FTO knockdown cells. The results showed
that overexpression of G6PD, not PARP1, antagonized the
increased ROS level; and exogenous of PARP1, not G6PD,
rescued the decreased HR and NHEJ in FTO knockdown
cells. Finally, the cell proliferation, DNA damage, and cell
senescence were restored not only by overexpression of
G6PD, but also by overexpression of PARP1 (Figure 3L-Q;
Figure S4J-L). These results suggest that G6PD mediates
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FIGURE 2 FTO regulates ROS level, DNA damage repair in CRC. (A) The ROS level of CRC cells with treatment of 5-FU and cisplatin.

(B-G) The effect of knockdown of FTO on ROS, DNA damage repair and cell senescence. (H,I) The cell senescence and DNA damage were
determined in CRC cells stable knockdown FTO treated with NAC. (J) A schematic model illustrating our findings on FTO-mediated DNA
damage repair and cell senescence was shown. Data are presented as the means + SD. *p < 0.05, **p < 0.01, ***p < 0.001

the balance of NADPH and ROS to affect DNA damage,
while PARPI mediates the process of DNA damage repair,
and the two pathways are both linked and independent of
each other.

Based on our findings that FTO promotes the progress
of CRC mediated by G6PD and PARP1, we proceeded to
explore the clinical relevance between G6PD/PARP1 and
FTO. In CRC patient samples (Cohort 1 and 2) and CRC

FIGURE 3

FTO regulates G6PD/PARPI mRNA stability in an YTHDF2 dependent manner. (A-B) The expression of G6PD/PARP1 in

FTO knockdown cells. (C) The m6A level of G6PD/PARPI mRNA in FTO knockdown cells. (D) The screening of reader protein binding
G6PD/PARPI mRNA. (E,F) The mRNA stability of GGPD/PARPI in FTO knockdown cells with or without knockdown of YTHDF2. (G-I) The
specific binding site of YTHDF2 and G6PD/PARP1 mRNA. (J) The expression of G6PD/PARP1 in CRC cells with treatment of 5-FU or
cisplatin. (K) The expression of FTO, G6PD and PARP1 in knockdown or inhibition of FTO cells with or without cisplatin treatment. (L-Q)
The cell growth, ROS level, NADPH level, DNA damage, HR or NHE] efficiency and cell senescence in FTO knockdown cells with or without

overexpression of PARP1. Data are presented as the means + SD *p < 0.05, **p < 0.01, ***p < 0.001



LETTER TO EDITOR

— [

(A) (B) (©) S, 5 LoVo 3 (D) PARP1 G6PD
e LoVo EEshCtrl g g .
3 EEshFTO#1 ShFTO - #1 #3 %20 £ 315 =g,

5 B ShFTO#3 G6PD S s 50kDa < 210 ﬁ ﬁ
2 R B-actin [ —— 42kDa %1'5 £ Z .0 Z
= = € €
< ShFTO - #1 #3 Q1.0 Zos ® g1
£ - 113kDa = © g0 £0s 2
E FARRY - sokba Q05 = 3 3
Qo ) > 2 o 14
= B-actin (WM 12(Da = g
% LoVo 0.0 ©0.0 0.0 0
© = SRV L L AR
g SIS S &S
S ELE &L
F
( E) LoVo LoVo ( ) LoVo LoVo
z z oy 2103
E = = =1
% 1.0 = 1.0 s Z 1.0 ° =
8 3 8 3
17} o Sekk 17} 2 2 ]
% % % % > o &05 "
L 05 _g_ shCtrlt, =13.6h we £ 057 g snotit, =113n - £ 057 - w  E | e shCtrt,,=80.4h
o p N a e ShCtrlt;,=20.4h =
£ -@- ShFTO#1:t, ,=4.6h g -@- ShFTO#1:t,,=6.1h g o SHFTO:,=5.58h 8 -~ ShFTO,,=7.98h
O o |78 ShFTOR,=47h & g0 78 snFTORS:t, =580 O | o 78 SHFTO*ShYTHDF21,,,=10.36h §00 e~ ShFTO+shYTHDF2:t;,=26.01h
"o 2 4 6 ' 2 4 6 ) 2 4 6 "o 2 4 6
Hours of ActD Hours of ActD Hours of ActD Hours of ActD
(G) cDS IUTR (H) () PARP1-site1 Widtype:GAUUCUGGACUGGAACAC
" 3 PARP1 , G6PD PARP1-site1 Mutant :GAUUCUGGCCUGGAACAC
PARP1QIﬂPOSmon o 166 PARP1-site2 Wildtype:UGUUAAGGACACUCAUGC
Sites 1 - - 1778 5 } El m6A PARP1-site2 Mutant :UGUUAAGGCCACUCAUGC
Sites 2 - . 2623 3 : G6PD-site1 Wildtype :GCUGGAGGACUUCUUUGC
Sites 3 '_ sl 52 | GBPD-site! Mutant :GCUGGAGGCCUUCUUUGC
© |
Sites 4 = 3496 £ | Input WT Mutant
CDS 3UTR % i ! YTHDF2 PARP1-site1
GoPD ey Positon 3 {
Sites 1 5 537 " i YTHDF2 PARP1-site2
Sites 2 #— 1857 0 '
LI~ B D E- G6PD-site

W) EF S R G YTHoR2
a =
% 15 x 4 . & 15 (K)

o < ShFTO#3 - - + + - - .
) 3
210 51.0 RheinM) - - - - - -+
i 2 % Cisplatin(uM) - + -+ - + I
-
Zos i Sos FTO wem wmm = - - 58Da
['4
2 = GOPD | w = = — 5002
400 £00 0.0
& 0 2 5 10 0 0205 1 3 0 2 5 10 0 02 05 1 PARP1 | w s = e e == 113kDa
5-FU(uM) Cisplatin(uM) L4 5-FU(uM) Cisplatin(uM) B-actin [ S SNE e = == W = 42kDa
cerD = == == PARP1 e el Ay
- ovVo
B-actn wee == == w— WO WP WP E [ N wr W W - - - -
LoVo LoVo LoVo LoVo
L (M) 2 ,0Lovo :
LoV LoV 320 ” B
. 34 4°_sr?cm 2 . 8 -o-sRCtrI | » »
S |-e-shCtri+Flag GePD I* | S |e-shCtri+PARPT B [ Q15 e
X o |e-shFTO x 3 6-e-ShFTO#3 : - =
T “’|-e-shFTO+Flag G6PD! T |- ShFTO#3+PARP1 [} = =
o} ) $1.0 o
o o4 > o
= £ 1 =
S 14 =} = =
c €5 5 0.5 ]
3 3 = 3
[s}
“o ' ' ' | o y ; ; . hFTOR3 hFTOR
0 1 2 3 4 Days S| S S|
Y o 1t 2 3 4D STeePD . + . +  FlagPARPI - -+
(N) 220 Lovi ann (®)] LoVo LoVo Q) 210ovo
& ax ShFTO#3 - - & + ShFTO#3 - -+ + 5 o SY
F 18 Flag-G6PD -  + s 4 Flag-PARP1 - + -+ 3 8
2 i FTO s s 58kDa FTO MM = = 58kDa Y
=" 3
= G6PD —-— == 50kDa PARP1 —_ S 113KDa 8 4
305 S ns
S YHAX | I 15kDa YH,AX W= - 15kDa & 2
0.0 ) <
B-actin I —— 2k Da -actin | SRS - 42D o 0-
ot SR B = IR
g Flag-GBPD - + - +
) 5 - = =
s FR 3 NHEJ 3 35 =
5 5 E : g, .
3} o o o 2
s & s s 8
2 2 2 2 2109
8 8 8 3 3
£ = - 2 =
8 8 ] 2 ®
Q a o a « ns
o a o o < =
[T w [T )1
& 00 & 0.0 G 00 & 00 shFuT)OgS e
SHETO: - = ShElQ = & % ShFTO -+ + ShFTO -+ + Flag-PARP1 - + - +
Flag-PARP1 - -+ Flag-PARP1 - -+ Flag-G6PD - - + Flag-G6PD - - +



LETTER TO EDITOR CLINICAL AND TRANSLATIONAL MEE“IEINE 50f6
(A) — (©) HCT116 Cell Xenograft (E) 500 (©)) &
20,HCT1 6001--DMSO
=yl 2 |-e-Rhein(30mgkg) 5
& i ” 400
S 4gi *=Rhan@5M) E  |-e-Olaparib(3omgrkg) E
7% Oldparib(10LM) '@ 400{_s-Rhein+Olaparib £
T |-e-Rhein+Olaparib g P by 300
2104 3 = HS
2 ) n=4
S S 5 200
2 | cDI=0.32 < 2004 £
3 %1 £ 2 10{ ®
3
2 B n=4
0 - - - - 0 , , . 01— r T :
0 1 2 3 4 5 Days 0 5 10 15 20 DMSO Rhein Olaparib Rhein+Olaparib
Days after treatment
(B) (D) CRC PDX#1 (F)
204HCT116 800--- DMSO 400
3 = -e- Rhein(30mg/kg) s >
3151 Rhein+Olaparib £ 600-|-e- Olaparib(30mg/kg)(* £300
° = -e- Rhein+Olaparib £
£ - =
£10 E n=4 2200 .
T - = °
c o 2 S
505{—e—_ 0 5 £100
g o £ S
P n=4
©00 S . oo - : = . ol — . . : YHZAX
00 02 04 06 08 10 0 S 10 15 20 25 DMSO  Rhein Olaparib Rhein+Olaparib g actin
Fraction affected (Fa) Days after treatment
(|) Rhein+Olaparib (J)

H&E

H&E Ki67
HCT116 Cell Xenograft

CRC PDX#1

Ki67

etV

FTO high—m6A low

%%
° ®
o ®
Tumorigenesis

/r\\‘w Sy £ S
2 Qeng
Re Chemotherapy Chemotherapy the

FIGURE 4 FTO enhanced the anti-tumor effects of Olaparib in CRC. (A-I) Inhibition of FTO enhances the sensitivity of CRC to
Olaparib in vitro and in vivo. (J) Proposed model: The role and mechanism of FTO in CRC progression. Data are presented as the means + SD.

*p < 0.05, **p < 0.01, **p < 0.001

cells, G6PD/PARP1 expression positively correlated with
FTO in CRC tissues, and negatively correlation with the
m6A level (Figure S5A-0; Table S1-S6). In addition to 5-FU
and cisplatin, Olaparib is also a chemotherapy drug for the
treatment of colorectal cancer.® The knockdown or inhi-
bition of FTO also increased the sensitivity of CRC cells
to Olaparib (Figure 4A,B; Figure S5P-Q). In CRC-bearing
xenograft mouse model, the Rhein/Olaparib combination
therapy significantly restrained tumor growth compared
to control group (Figure 4C-I; Figure S5R,S). In summary,
these results suggested that the critical role of FTO in pro-
moting CRC progression and FTO has potential as target
for treating CRC.

Our results demonstrate that targeting FTO significantly
suppresses cancer cell growth and enhances chemother-
apy sensitivity, which not only mediating the balance
of intracellular ROS by regulating G6PD expression, but

also maintaining genome instability by regulating PARP1
expression (Figure 4J). This is analogous to throwing a
“bomb” (ROS) to induce DNA damage also disabling the
“anti-missile system” (PARP1) to block DNA repair. These
findings shed light on new molecular mechanisms of CRC
development and treatments mediated by m6A modifica-
tion and provide new insights into developing effective
therapeutic strategies for CRC.
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