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Supplem
entary Table 1. A

ntibodies used in the study 

Supplem
entary Table 2. C

om
pound inform

ation 

A
ntibodies 

Source 
Identifier 

ER
EG

 
Santa C

ruz 
sc-376284 

p-ER
K

 
C

ST 
4370 

ER
K

 
C

ST 
4695 

p-EG
FR 

C
ST 

11862 
EG

FR 
Santa C

ruz 
sc-81488 

O
G

T 
Santa C

ruz 
sc-74546 

O
-G

lcN
A

c 
A

bcam
 

ab2739 
K

i67 
A

bcam
 

ab15580 
H

A
-Tag 

C
ST 

3724 
-SM

A
 

C
ST 

19245 
G

A
PD

H
 

A
ffinity 

T0004 
-A

C
TIN

 
A

ffinity 
A

F7018 
-Tublin 

A
ffinity 

T0023 
G

FP-Tag 
Proteintech 

50430-2-A
P 

C
N

B
P 

Santa C
ruz 

sc-515387 

N
am

e 
Source 

Identifier 
D

SS 
M

P Biom
edicals 

0216011090 
D

- 
-fructose 

Sigm
a 

F0127 
A

O
M

 
Sigm

a 
A

5486 
Fucoidan 

Yuanye 
S11142 

D
ieckol 

M
C

E 
H

Y-147059 
C

C
K

-8 
M

C
E 

H
Y-K

0301 
EdU

 
Beyotim

e 
C

0071S 
H

iScript III RT SuperM
ix for qPC

R 
Vazym

e 
R

323-01 
SY

B
R G

reen M
ix 

Vazym
e 

Q
712-02 

Trizol 
Takara 

9109 
L-012 

W
ako 

120-04891 
D

A
PI 

Therm
o Fisher Scientific 

D
3751 

A
lexa Fluor TM594 

Therm
o Fisher Scientific 

A
11005 

A
lexa Fluor TM488 

Therm
o Fisher Scientific 

A
11008 

M
ultiple im

m
unofluorescence kit 

Shang H
ai G

uduoB
io 

Technology C
o. Ltd 

H
Y

D
S0045 

IH
C

 D
etect K

it  
Proteintech G

roup Inc 
PK

10006 
Protein A

/G
 

Therm
o Fisher Scientific 

88802 
ChIP assay kit 

Beyotim
e 

P2078 
D

ual Luciferase R
eporter G

ene A
ssay 

K
it 

Beyotim
e 

R
G

027 



 Supplem
entary Table 3. O

ligonucleotides used in the study inform
ation 

M
ethods 

H
igh-fructose exacerbated D

SS-induced colitis m
odel and colitis-associated 

cancer (C
A

C
) m

odel 

Eight-w
eek-old m

ale C57BL/6 m
ice w

ere obtained from
 G

em
Pharm

atech Co. Ltd. 

and housed under controlled conditions (21
3

C, 12-
A

ll 

experim
ents w

ere approved by an Institutional A
nim

al Care and U
se Com

m
ittee 

 

(IA
CU

C2506005
 For the high-fructose exacerbated colitis m

odel, thirty 8-w
eek-old 

 
ELK

 B
iotechnology 

ELK
4009 

TN
F-

 
Peprotech 

PM
C

3016 
O

SM
I-1 

M
C

E 
H

Y-119738  
FITC

-D
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M
C

E 
H

Y-128868G
 

Lipofectam
ine™

 3000 
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o Fisher Scientific 
L3000015 

Cyclohexim
ide   

M
CE 

H
Y-12320  

qPC
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ers 
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M
ouse-Ereg 
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C

G
G

G
G
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G

TC
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C
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G
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G
TTC

C
C
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M
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A
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G
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G
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C
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G
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A
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A
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A
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M
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G
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C
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G
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A
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G
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C
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G
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A
G

G
A

C
CC

A
A

C
C
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M
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G
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G
C
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G

G
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C
A

A
CT-3’ 

5’-A
A

A
G

C
A

G
C

G
TC

A
A

G
A

C
C

C
A

A
-3’ 

M
ouse-Tnfa 

5’-ATG
A

G
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A
C

A
G

A
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A
G

C
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A
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G
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A
C

TC
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A
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M
ouse-Il1b 
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A
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C
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A
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C
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A
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A
G
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TC

ATC
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G
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A
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A
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M
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m
ale C57BL/6 m

ice w
ere random

ly divided into three groups. The Fructose+D
SS 

group received drinking w
ater supplem

ented w
ith 30%

 fructose, w
hich w

as refreshed 

every 48 hours for 4 consecutive w
eeks. The rem

aining groups consum
ed standard 

drinking w
ater. A

t w
eek 5, 2.5%

 D
SS w

as adm
inistered in the drinking w

ater of both 

D
SS and Fructose+D

SS groups, w
ith the latter m

aintaining 30%
 fructose 

supplem
entation. O

n day 6 post-D
SS adm

inistration, the D
SS solution w

as replaced 

w
ith either standard w

ater or 30%
 fructose w

ater. Body w
eight, fecal consistency, and 

anal hygiene status w
ere m

onitored throughout the experim
ent. A

ll m
ice w

ere 

euthanized on day 8 post-D
SS initiation follow

ing a 12-hour fasting period. 

 For the CA
C m

odel, the 

A
O

M
 solution on day 0. The A

O
M

/D
SS+Fructose group w

as provided w
ith 30%

 

fructose-supplem
ented drinking w

ater continuously throughout the entire m
odeling 

period. O
n day 5, both A

O
M

/D
SS and A

O
M

/D
SS+Fructose groups w

ere adm
inistered 

2.5%
 D

SS in drinking w
ater for 5 consecutive days. This w

as follow
ed by a 14-day 

recovery period starting, during w
hich m

ice received either standard w
ater or 30%

 

fructose w
ater. The D

SS challenge-recovery cycle w
as repeated tw

ice. Body w
eight, 

fecal consistency, and anal health w
ere m

onitored throughout the experim
ent. Tissues 

 A
t the experim

ental endpoint, colons w
ere opened 

determ
ined by sum

m
ing the calculated areas of all identified tum

ors for each m
ouse. 

Tum
or length and w

idth w
ere m

easured using an electronic caliper, and tum
or area 

w
as calculated accordingly. A

ll m
easurem

ents w
ere perform

ed in a blinded m
anner. 

 



 To evaluate the am
eliorative effects of the selected m

edicinal-food hom
ologous 

com
pounds on high-fructose diet-aggravated colitis-associated colorectal cancer, m

ice 

w
ere adm

inistered daily via intragastric gavage w
ith K

elp 

 A
ccording to previous reports, the 

stool consistency, and the severity of intestinal bleeding.  

 K
elp extract 

First, thoroughly w
ash dried K

to rem
ove surface dust, salts, and soluble im

purities. K
elp fragm

ents w
ere m

ixed w
ith 

distilled w
ater, follow

ed by the addition of enzym
atic agents (pectinase 

The suspension w
as stirred at 50°C for 24 hours, subsequently centrifuged at 3000 g 

for 20 m
inutes at 4°C, and vacuum

-filtered. Three volum
es of 60%

 ethanol w
ere then 

added for precipitation. A
fter 18 hours of extraction, the solution w

as filtered, 

concentrated using a rotary evaporator, and finally spray-dried to obtain the pow
dered 

extract 21. 

 C
ell culture 

L929 cells w
ere cultured in D

M
EM

 (11965092, 



bovine serum
 (10100147, 

-

N
IH

-3T3 cells w
ere m

aintained in D
M

EM
 containing 10%

 new
born calf serum

 

(26010074, 
 

 Single-cell R
N

A
 sequencing  

M
urine colon tissues w

ere collected and generate single-cell gel bead in-em
ulsions 

Subsequent library construction and sequencing w
ere perform

ed. A
ll libraries 

underw
ent paired-end sequencing w

ith dual indexing on the N
extSeq 500 platform

 

 

 D
ata preprocessing 

Raw
 scRN

A
-seq data w

ere processed by 

-3.0.0
Cells m

eeting criteria of 

U
M

I >200 and m
itochondrial RN

A
 <10%

 w
ere retained. Subsequent analyses w

ere 

perform
ed using the Seurat package in R. Q

uality-controlled single-cell data w
ere first 

dim
ensionality reduction. A

 K
-nearest neighbor 

refine cellular neighborhood relationships based on edge w
eights. Proxim

ity distances 

w
ere calculated using FindN

eighbors, follow
ed by iterative clustering w

ith 



FindClusters. Finally, the dataset w
as visualized through U

niform
 M

anifold 

-linear dim
ensionality reduction. Cell 

clustering w
as conducted via FindClusters function using the top 30 principal 

 Cluster-specific m
arker genes w

ere 

identified using the W
ilcoxon rank-

annotated based on know
n m

arkers and top-ranked genes 

 Pseudotim
e analysis 

M
onocle2 w

as applied to illustrate the developm
ental epithelial cells 

the U
M

I count m
atrix. Cluster-specific variable genes w

ere em
ployed to order cells 

along the pseudotem
poral axis. The epithelial cells cluster 3 and 8 (E03 and E08

defined as the root state.   

 C
ellPhoneD

B
 analysis 

The analysis starts w
ith input preparation, a single-cell expression m

atrix w
ith cell-

type annotations and gene sym
bols. N

ext, m
ean expression levels of ligands and 

receptors are calculated for each cell type. Finally, interaction scores are com
puted by 

m
ultiplying the average ligand expression in a source cell type w

ith the average 

receptor expression in a target cell type, yielding a quantitative m
easure of potential 

com
m

unication strength betw
een cell populations. 



 M
edicine and food hom

ologous T
C

M
 screening for high-fructose exacerbated 

C
A

C
 

 Food
TCM

 is the first and m
ost com

prehensive database in China that integrates 

fundam
ental inform

ation on the m
edicinal sources and uses of m

edicine–food 

hom
ologous substances w

ith their chem
ical and nutritional com

positions 

. U
sers can brow

se or search the database based on 

personal preferences, either by the nam
e of the m

edicinal substance (hereafter referred 

options, including the source of the herb as w
ell as its descriptions and functional 

annotations. 

The current version of Food

sources, including FooD
B, FooD

isN
ET, TA

SLY-TCM
, PubChem

, PubM
ed, the 

s a valuable reference and 

guiding resource for researchers studying m
edicine–food hom

ologous substances in 

Traditional Chinese M
edicine and for the developm

ent of related health products. 

 To identify targeted food w
ith potential therapeutic effects against the key 

m
echanism

s of high-fructose exacerbated CA
C, w

e system
atically com

piled data on 

m
edicine-food hom

ologous TCM
 and their com

pound com
positions from

 the 

literature and various databases. A
dditionally, w

e established an online database, 

Food
TCM

, to facilitate further exploration and application of these findings. In 



total, 112 herbs and their related com
pound w

ere docum
ented. Before screening, the 

data w
as further processed by being annotated to PubChem

 database and TCM
 w

ith at 

least one valid com
pound in PubChem

 w
ere kept for further analysis. The com

pounds 

in these hom
ologous w

ere then transferred into chem
ical sim

ilarities betw
een 

reference com
pounds in a netw

ork-based w
hole-genom

e drug-target prediction 

algorithm
 17. A

nd the biological effect profile of every com
pound in each m

edicine-

food hom
ologous TCM

 w
as calculated by this algorithm

. Further, according to our 

previous statistical strategy
 22, the holistic targets of each m

edicine-food hom
ologous 

TCM
 

-
 

 W
ith the four gene sets obtained from

 scRN
A

-seq of high-fructose exacerbated CA
C 

and predicted holistic targets of 101 m
edicine and food hom

ologous, the closeness 

betw
een each gene set and each m

edicine-food hom
ologous TCM

 w
as estim

ated on 

the hypergeom
etric distribution. The candidate m

edicine and food hom
ologous for 

high-fructose-induced CA
C w

as screened based on the significance and m
apping 

count. The expression pattern of K
elp in scRN

A
-seq w

as m
easured by the m

ean 

expression of the holistic targets of K
elp in different cell types and visualized by 

V
lnPlot function from

 Seurat package in R. 

 K
ey C

om
pound Identification from

 K
elp 

The biological effect profiles of com
pounds in K

elp w
ere kept for further analysis. In 



total, 50 com
pounds w

ere identified in K
elp according to our collection. A

nd the 

druglikeness of these com
pounds w

ere calculated by the im
plem

entation based on 

Python rdkit package  23. 27 com
pounds w

ith quantitative estim
ate of drug-likeness 

(Q
ED

 score no less than 0.3 w
ere kept for further analysis. A

dditionally, the sam
e as 

screening TCM
 for high-fructose exacerbated CA

C, the closeness betw
een each gene 

set and every com
pound in K

elp w
as also estim

ated on the hypergeom
etric 

distribution. The expression pattern correlations of these com
pounds and K

elp w
ere 

estim
ated on the Spearm

an correlation based on the corresponding expression on each 

cell belonging to strom
al cells or epithelial cells, visualized by ggplot2 package in R. 

The netw
ork sim

ilarity of tw
o gene sets w

as im
plem

ented by G
O

Sem
sim

 package in 

R, w
ith m

ethods set as “W
ang”. 

 N
etw

ork target of K
elp in the treatm

ent of high-fructose exacerbated C
A

C
 

In order to find the key m
echanism

 of K
elp in treating high-fructose-induced CA

C, 

netw
ork target analysis w

as perform
ed based on the holistic targets of K

elp and the 

four gene sets. The biological netw
ork com

posed of certain m
olecules in gene set A

, 

B, C, D
, as w

ell as the holistic targets of K
elp and CRC-related biom

olecules w
ere 

constructed based on protein-protein interaction data, and w
ere then visualized by 

Cytoscape. K
EG

G
 enrichm

ent w
as conducted to find the significantly enriched 

pathw
ays in either K

elp or the four gene sets, im
plem

ented by clusterProfiler package 

in R. Pathw
ays significantly enriched by the holistic targets of K

elp w
ere then 



categorized into 4 m
odules, including M

etabolism
, Environm

ental Inform
ation 

Processing, Cellular Processes and O
rganism

al System
s. O

n the other hand, 10 

pathw
ays w

ere found to be significantly enriched by the m
olecules in all four gene 

sets, and 9 of them
 

-
The pathw

ays w
ere visualized using the R 

package ggplot2, and the -

standardized for each gene set to observe m
ore obvious differences.  

 The correlations of the expression of EG
FR and EREG

 betw
een K

elp, Fuc and 

dieckol w
ere estim

ated on the Spearm
an correlation on each cell belonging to the 

w
hole detected cells, strom

al cells or epithelial cells, respectively. A
nd the expression 

levels of EREG
 and EG

FR in scRN
A

-seq w
ere m

easured and visualized by V
lnPlot 

function from
 Seurat package in R, in different cell types. 

 H
&

E
 staining  

Colon tissues w
ere fixed in 4%

 paraform
aldehyde for 24 hours, follow

ed by paraffin 

em
bedding and sectioning. Paraffin sections w

ere deparaffinized in xylene after 90-

m
inute incubation at 65°C, then rehydrated through descending concentrations of 

ethanol. Sections w
ere rinsed in distilled w

ater before staining w
ith hem

atoxylin for 1 

m
inute. D

ifferentiation w
as perform

ed using 1%
 hydrochloric acid-ethanol, follow

ed 

by bluing in 1%
 am

m
onia w

ater. A
fter rinsing, sections w

ere counterstained w
ith 1%

 



eosin and m
ounted w

ith neutral balsam
 for m

icroscopic exam
ination. 

 Im
m

unohistochem
istry 

Follow
ing deparaffinization and antigen retrieval, sections w

ere perm
eabilized w

ith 

0.5%
 Triton X

-100. Endogenous peroxidase activity w
as blocked, and non-specific 

binding w
as prevented using 3%

 goat serum
. Prim

ary antibodies w
ere incubated at 

4°C overnight, follow
ed by species-specific secondary antibodies at room

 tem
perature 

for 2 hours. A
fter PBS w

ashes, D
A

B w
as applied, and the reaction w

as stopped w
ith 

double-distilled w
ater. H

em
atoxylin counterstaining w

as perform
ed prior to 

m
ounting. A

ll steps w
ere optim

ized to ensure specificity and reproducibility. 

 Im
m

unofluorescence staining 

Follow
ing antigen retrieval, tissue sections or cells w

ere perm
eabilized w

ith 0.5%
 

Triton X
-100 for 1 m

inute, then w
ashed w

ith PBS on a rocking platform
. A

fter 

blocking non-specific binding sites, species-specific prim
ary antibodies w

ere applied 

and incubated overnight at 4°C. O
n the follow

ing day, sections w
ere allow

ed to 

equilibrate to room
 tem

perature for 30 m
inutes. Corresponding fluorescent secondary 

incubated in the dark for 2 h, follow
ed by three PBS w

ashes. D
A

PI w
orking solution 

m
inutes, then rem

oved by w
ashing. Finally, sections w

ere m
ounted w

ith antifade 



m
ounting m

edium
 to preserve fluorescence signals. 

 M
icroscale therm

ophoresis (M
ST

) 

N
IH

-3T3 cells w
ere transfected w

ith G
FP-CN

BP plasm
ids or m

utant plasm
ids and 

lysed 48 hours post-transfection. D
ieckol, utilized as a ligand, w

as diluted tw
ofold 

and com
bined w

ith an equal volum
e of cell lysate to yield a final fluorescence 

intensity of 400. Binding assays w
ere conducted using the M

onolith N
T.115 

instrum
ent, follow

ed by quantitative analysis of protein-ligand interactions via 

M
O

.A
ffinity A

nalysis softw
are. 

 C
hIP assay 

N
IH

-3T3 cells w
ere transfected w

ith G
FP-CN

BP plasm
ids and, 48 hours post-

 Follow
ing 

transfection, chrom
atin im

m
unoprecipitation w

as perform
ed. Briefly, target proteins 

and D
N

A w
ere crosslinked using 1%

 form
aldehyde. Cells w

ere collected, lysed, and 

genom
ic D

N
A w

as fragm
ented via sonication. Reverse crosslinking w

as then 

conducted to assess the size distribution of sheared D
N

A fragm
ents. A

fter optim
izing 

sonication conditions, chrom
atin im

m
unoprecipitation w

as perform
ed using Protein 

A
+G

 A
garose/Salm

on Sperm
 D

N
A beads. Enriched D

N
A fragm

ents w
ere 

subsequently quantified by qPCR. Prim
ers w

ere designed based on the prom
oter 

sequence of the Ereg gene and chrom
atin accessible regions identified using the 



Cistrom
e D

ata Brow
ser, ensuring targeted am

plification of regulatory elem
ents.  

 C
ellular therm

al shift assay  

L929 cells w
ere equally divided into tw

o 10 cm
 dishes and cultured overnight. O

ne 

control. A
fter 2 hours, cells w

ere harvested, aliquotted into ten 200 
L PCR tubes, and 

o heat treatm
ent in a therm

ocycler. Sam
ples w

ere centrifuged at 13,000 

 g for 20 m
inutes, and analyzed by W

estern blotting to detect target proteins. 

 Plasm
id D

N
A

 transfection 

N
IH

-3T3 cells w
ere seeded into culture plates and transfected w

ith G
FP-CN

BP, 

EREG
 plasm

ids, or corresponding vectors. A
ll plasm

ids w
ere sourced from

 Corues 

Biotechnology. Lipofectam
ine™

 3000 w
ere purchased from

 Therm
o Fisher Scientific. 

 E
L

ISA
 assay 

The protein level in m
ice serum

 w
as detected by an ELISA

 kit (ELK
 Biotechnology

 

Follow
ing initial incubation for 1.5 hours, the sam

ples w
ere w

ashed, and the 

supernatant w
as discarded. The detection antibody w

as then added, follow
ed by a 

secondary 1.5-hour incubation. A
fter incubation w

ith TM
B substrate and stop 

solution, absorbance at 450 nm
 w

as m
easured to quantify EREG

 protein levels. 



 C
ell counting kit-8 assay 

Cell viability w
as assessed using the Cell Counting K

it-8 (CCK
-

-3T3 cells w
ere seeded in culture plates for 12 hours 

to transfection w
ith the indicated EREG

 plasm
id. A

fter 48 hours, varying 

concentrations of fructose or O
SM

I-1 w
ere added to the culture m

edium
 and 

incubated for an additional 24 hours. The supernatant w
as collected, centrifuged at 

 g to rem
ove cellular debris, and then incubated w

ith M
C38 cells for 24 hours. 

CCK
-8 solution w

as added to the reaction m
ixture, and the absorbance w

as m
easured 

at 450 nm
 using a m

icroplate reader. 

 D
ual L

uciferase R
eporter G

ene A
ssay  

N
IH

-3T3 cells w
ere seeded in a 96-w

ell plate and transfected w
ith the indicated 

plasm
ids or vectors. A

fter 48 hours, 100 
L of cell lysis buffer w

as added to each 

w
ell. Follow

ing supernatant collection, 100 
L of firefly luciferase substrate w

as 

added to m
L 

of Renilla luciferase detection reagent w
as added to determ

ine RLU
. 

U
sing Renilla luciferase activity as control, the RLU

 value from
 firefly luciferase w

as 

norm
alized to that of Renilla luciferase. The resulting ratio w

as used to com
pare the 

activation levels of the reporter gene across different sam
ples. 

 



T
R

A
P analysis 

To identify dieckol-binding proteins in L929 cells, w
e im

plem
ented the Target-

. Tw
o independent cultures of 

L929 cells w
ere treated w

ith either 50 nM
 TN

F
alone or 10 

M
 dieckol com

bined 

w
ith 50 nM

 TN
F

Follow
ing a 2-hour incubation period, cellular m

em
branes w

ere 

perm
eabilized using M

-
 to covalent 

labeling via the addition of form
aldehyde and borane pyridine com

plex, w
hich 

specifically target lysine residues in proteins under am
bient conditions for 

accessibility profiling. D
etailed m

ethodological protocols are provided in previously 

published literature. 

 E
R

E
G

 degradation analysis 

L929 cells w
ere cultured in serum

-free m
edium

 supplem
ented w

ith 50 
g/m

L 

cyclohexim
ide for 1 hour. Subsequently, cells w

ere treated w
ith 10 m

M
 fructose and 

incubated for 3, 6, or 9 hours. Follow
ing incubation, cells w

ere lysed, and total 

expression levels. 

 Statistical analysis 

The data represent the m
ean ± SEM

, U
npaired tw

o-
 and O

ne-



s w
ere used 

to assess statistical significance. Statistical significance w
as set at *P<0.05, **P<0.01, 

ns, not significant. 


