
      

 

Supplementary Figure 1：Glycolytic inhibition by 2-DG reduces glucose consumption, lactate 
production, and CREB1 lactylation in cisplatin-resistant ovarian cancer cells A-B, Glucose 
consumption (A) and lactate production (B) in SKOV3/DDP and A2780/DDP cells treated with 
vehicle or 2-DG (5 mM, 24 h). Data are presented as mean ± SD. * P < 0.05. C, Co-
immunoprecipitation (Co-IP) analysis of CREB1 lactylation in SKOV3/DDP and A2780/DDP cells 
treated with vehicle or 2-DG. Cell lysates were immunoprecipitated with anti-pan-Kla antibody, 
followed by immunoblotting with anti-CREB1 to detect lactylated CREB1. D, SKOV3 cells were 
treated with sodium lactate (20 mM) alone or in combination with acetate (20 mM) or butyrate (20 
mM) for 24 h. LDHi (10 mM, 48 h) was used as a control. Co-IP was performed with anti-pan-Kla 
antibody, followed by immunoblotting with anti-CREB1.E, SKOV3 cells were treated with sodium 
lactate (20 mM) or sodium pyruvate (20 mM) for 24 h. Co-IP analysis of CREB1 lactylation was 
performed as described in (D). 
Supplementary Fig. 2. Motif enrichment analysis confirms sequence-specific binding of 
K122Q at enhancer regions. Motif analysis was performed using HOMER (v4.11). Target regions 
are K122Q-bound enhancers; background is a size-matched set of random genomic regions. The 
CRE motif is the most significantly enriched motif . 
Supplementary Figure 3. Selective enrichment of HMGB1 in exosomes from K122Q-
expressing cells. Western blot analysis of exosomal cargo proteins in exosomes isolated from 
K122R and K122Q cells.  
Supplementary Fig. 4. Correlation between serum exosomal HMGB1 and serum NETs in 
ovarian cancer patients.Scatter plots showing the correlation between serum exosomal HMGB1 
levels (measured by qRT-PCR) and serum NETs levels (MPO-DNA complexes, measured by 
ELISA) in 50 ovarian cancer patients. (A) Total cohort (n = 50) showing a significant positive 
correlation (r = 0.96, P < 0.05, Pearson correlation). (B) Cisplatin-sensitive subgroup (n = 25) 
showing a positive correlation (r = 0.41, P < 0.05). (C) Cisplatin-resistant subgroup (n = 25) 
showing a strong positive correlation (r = 0.70, P < 0.05).  
Supplementary Figure. 5 .In vivo biosafety evaluation of LNP formulations. A, Representative 
H&E-stained sections of major organs (heart, liver, spleen, lung, kidney) showing no apparent 
histopathological changes across all treatment groups. B-C, Serum levels of hepatic (ALT, AST) 
and renal (BUN, creatinine) function markers measured at the end of treatment. D, Ratio of CD3⁺ T 
cells to CD19⁺ B cells in peripheral blood assessed by flow cytometry. Data are presented as mean 
± SD (n = 5 per group) . E, Specificity of the K122R peptide in HEK293 cells. HEK293 cells were 
treated with empty LNP or LNP-CREB1 K122R for 24 h, and mRNA levels of canonical CREB1 
target genes (c‑Fos, Nr4a2, Bcl‑2) were quantified by qRT‑PCR. Data are presented as mean ± SD 
(n = 3). No significant differences were observed, indicating that the peptide does not interfere with 
basal CREB1 transcriptional activity. 
Supplementary Figure 6. Systems-level integration of the lactylated CREB1-driven co-
expression network and its pan-RCC prognostic value.A, Weighted Gene Co-expression 
Network Analysis (WGCNA) identifying the therapy resistance-associated gene module in the 
ovarian cancer transcriptomic cohort.B, Network topology visualization highlighting the core hub 
genes (including CREB1 and HMGB1) within the identified resistance module. C,Venn diagram 
illustrating the highly specific intersection between lactylated CREB1 binding target genes 
(identified via CUT&Tag) and the WGCNA module genes, confirming the direct transcriptional 
regulation of key hub effectors. D, Gene Ontology (GO) functional enrichment analysis of the hub-



      

 

regulated network, demonstrating significant co-enrichment in glycolytic processes and neutrophil 
extracellular trap (NET) formation. E, Kaplan-Meier overall survival curve of ovarian cancer 
patients stratified by the expression signature score of the core hub network. F, Reconstruction of 
the resistance-associated WGCNA module in the Renal Cell Carcinoma (RCC) cohort from TCGA. 
G, Network visualization showing the highly conserved core hub architecture operating in RCC.H-
J,Kaplan-Meier overall survival analyses evaluating the robust prognostic value of the conserved 
CREB1-HMGB1-NETosis module signature across three major RCC subtypes: (H) Kidney renal 
clear cell carcinoma (KIRC), (I) Kidney Chromophobe (KICH), and (J) Kidney renal papillary cell 
carcinoma (KIRP). Statistical significance was determined using the log-rank test. K, Spearman 
correlation analysis between the module signature and the expression of key lactate metabolism 
genes (LDHA, MCT1/SLC16A1, MCT4/SLC16A3) in RCC. L, Scatter plot demonstrating a 
significant positive correlation between the module signature and the mTOR signaling GSVA score. 
M-N, Scatter plots revealing a strong negative correlation between the module signature and both 
mitochondrial feature GSVA score (M) and mtDNA copy number (N) 
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Supplementary Figure 2

Rank Motif Best match P value % of targets % of 
background

Fold 
Enrichment

1  
                          CRE                CREB1 1.0×10-125 42.5% 3.1% 13.7

2
 

                           AP1
                         

JUN 2.3×10-8 18.3% 8.1% 2.3

3                            NF-κB
                         RELA 1.1×10-4 8.7% 4.2% 滚滚长江东逝水2.1

Motif enrichment analysis of K122Q-bound enhancers
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CD63

K122R
   Exo

HMGB1

K122Q
  Exo

S100A8

IL-6

TSG101



Supplementary Figure 4

A

0

2

4

6

5           10            15          20
NETS

H
M

G
B1

r=0.96

B

Total

0.8

1.0

1.2

1.4

1.6

1.8

2.0

6       7       8       9      10     11     12
NETS

H
M

G
B1

r=0.41

 Cisplatin-sensitive

3.0

3.5

4.0

4.5

5.0

 

12         14         16          18         20

H
M

G
B1

NETS

 Cisplatin-resistant

r=0.70

C



LNP LNP-DDP LNP-CREB1 
K122R

LNP-CREB1 
K122R+DDP

Heart

Liver

Kidney

Lung

Spleen

Supplementary Figure 5

0

10

20

30

40

LN
P

LN
P-D

DP

Se
ru

m
 e

nz
ym

e 
ac

tiv
ity

(U
/L

)

LN
P-C

REB1 

K12
2R
LN

P-C
REB1 

K12
2R

+D
DP

n.s.
AST

0

20

40

60

80

100

LN
P

LN
P-D

DP

LN
P-C

REB1 

K12
2R
LN

P-C
REB1 

K12
2R

+D
DP

Se
ru

m
 e

nz
ym

e 
ac

tiv
ity

(U
/L

) n.s.
ALT

A

B

0

5

10

15

20

Se
ru

m
 B

U
N

(m
g/

dL
)

n.s.

LN
P

LN
P-D

DP

LN
P-C

REB1 

K12
2R
LN

P-C
REB1 

K12
2R

+D
DP

C

0

1

2

3

4

5

LN
P

LN
P-D

DP

LN
P-C

REB1 

K12
2R
LN

P-C
REB1 

K12
2R

+D
DP

T/
B 

ta
tio

 o
f p

er
ip

he
ra

l b
lo

od

D

n.s.

0

2

4

6

8

c-Fos Nr4a2 Bcl-2

EMPTY
LNP
LNP-CREB1 K122R

R
el

at
iv

e 
m

R
N

A 
ex

pr
es

si
on

n.s.

n.s.

n.s.
E



USP32

UBL7

RABEP1

CPD

WASHC4

SUZ12

VAMP2

PDZD8

UBR3

MRPL35

LIMS1

SLC25A1

IMMT

ASXL2

TGOLN2

HADHB

UBXN4

MRPL37

JAG1

MRPL33

CCNC

HNMT

SNX9

PEX7

STX12

MRPL44

TLK1

CLDN12

STRADB

ARSL

RALBP1

ACBD5

UBXN6

UTP20

DYNLT3

CITED4

CAB39

ARHGAP24

MYO6

SP2

MPHOSPH6

SF3B1

GRB14

GLUD1

IGF2R

TMEM167B

MMD

RMND5A

CITED2

ARG2

STAM2

SNX14

ZFP36L2

PLPP5

C1orf43

DYNLL2

PDE1A

SLC17A5

RANBP9

PAFAH1B1

BMPR2

ARFGAP3

MRPS14

KLF5

DDX5

CHPT1

NMB

MPP7

APRT

INSIG2

FKBP9

CHMP3

BDKRB2

ENTPD5

ATP5MC3

UHMK1

SLC25A12

HIPK1

SPTBN1

JAK1

UPP1

MRPS5

SFT2D1

TFB2M

SOWAHA

YES1

SOCS1

GGA1

ATP5F1D

STX18

STARD7

HIPK3

GNA13

GADD45A

MBP

AK3

RGN

MTX2

CYP7B1

ITGA6

STAT5B

PCYOX1

CLTC

RAB27A

SNX3

PAQR8

PPP1CB

EPOR

CREB1

AP2B1

PPP3CC

IFIH1

PAQR5

RAP1A

RPE

ITGA2

EPS15

PPP4R3B

PPP4R1

CYB5B

UTRN

RAB3IP

PLD3

RTN4

PLPBP

SAPCD2

TIMM17A

NEK7

BBS2

CD2AP

AFTPH

PJA1

GPD2

MINK1

RAP1GDS1

PUM2

NFE2L2

SLC16A7

SERINC1

CTDP1

SKAP1

ATXN1L

VPS35

ZMPSTE24

GHITM

NAB1

FNBP1L

NDUFB3

TAB2

HADHA

PREPL

KIDINS220

RAB10

ATP5ME

IRS1

PECR

UGP2

DCAF7

EPCAM

UQCRC2

TRIP12

ADH5

GLS

COPS8

SPAG9

NDUFS1

GPSM1

GLO1

TACC1

GFPT1

LAMB1

ITGAV

BCKDHB

CDC42

GLOD4

NIF3L1

LRRFIP1
LYPLAL1

KCTD3

ATL2

NCOR1

PTPN13

TMEM126B

GAS2L1

COBLL1

RHOQ

UBE2J1

GPC1

HIBADH

NDUFAF3

SENP6

TOM1

TNS1

BCL2L1

SLC40A1

MTIF2

NBR1

FEM1C

PRKAR1A

PTPRK

EIF2AK3

CHL1
DUSP3

USP25

USP33

SNX2

COL4A3

ATF6

APP

ACP1

TRAK2

FAM8A1

DST

COL4A4

NCOA1

RPS6KA2

PEX19

Supplementary Figure 6

0.
4

0.
6

0.
8

1.
0

Cluster Dendrogram

fastcluster::hclust (*, "average")
as.dist(dissTom)

H
ei

gh
t

Module 
 colors

 Eigengene adjacency heatmap

0
0.

2
0.

4
0.

6
0.

8
1

A

B Hub genes network 

CREB1

HMGB1

PDS5B

ZMYM2

SP3

NUPL1

HNRNPLL

PSPC1

SF3B1

SUPT20H

BRCA2

ADNP
ZFR

ZNF143
KBTBD6

CENPJ
HNRNPU

PROSER1KBTBD7PRPF40ALNX2EPC2USPL1HNRNPM
TRA2B

XPO4
RBM12

CUL3
HMGB1P5

HNRNPH3

CWC22

TOP1

BCLAF1

NAA16

RSRC2

PIKFYVE

CTCF

KHDRBS1

RANBP2

UTP14C

PUM2

HNRNPK

SFPQ

ORC2

PAN3

RNF219

FASTKD2

SBNO1

XRCC5

BZW1

SKA3

LBR
PRPF4B

NUP133
MED4

ZMYM5
CDK8

RMND5AC2orf49SRSF1CCAR1ZDHHC20SRSF3HNRNPA2B1
TAF5

TARDBP
ATAD2B

RIF1
POU2F1

WBP4

TROVE2

KPNA3

HNRNPR

ZNF281

CDC73

NUCKS1

SIRT1

HNRNPA3

GZF1

FAM168B

p.adjust
1e-05
1e-04
1e-03
1e-02

Count
50
100

150

0.004 0.008 0.012 0.016

hexose metabolic process
glucose metabolic process

intracellular glucose homeostasis
celluar response to hexose stimulus

glycolytic procss
hexose biosynthetic procss

neutrophil extracellular trap formation
neutrophil activation

cellular response to glucose starvation
regulation of glycotic process

D

0.
2

0.
4

0.
6

0.
8

1.
0

fastcluster::hclust (*, "average")
as.dist(dissTom)

H
ei

gh
t

Module
 colors

Cluster Dendrogram

++++++++++++++++++++ ++++++
++++++++++++

+
++

+

+ + ++
+ + +

++++++ ++ ++++++++++ ++++++++++
++++++++
+

++
+

++
+

+++
+++++ ++++++++++++++

+++++++ ++
+ +++++++++

+
p < 0.0001

0.00

0.25

0.50

0.75

1.00

0 1000 2000 3000 4000 5000
Time (days)

O
ve

ra
ll 

su
rv

iv
al

 p
ro

ba
bi

lit
y

Module Sig + +Low High

E
 Eigengene adjacency heatmap

0
0.

2
0.

4
0.

6
0.

8
1

G

F

C

CUT＆TAG
CREB1 
Targets

WGCNA  
Resistance 
Module145

Hub Genes
CREB1
HMGB1
SF3B1

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++ +

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ +++++ ++++ +++
+++ ++

p < 0.0001

0.00

0.25

0.50

0.75

1.00

0 1000 2000 3000 4000
Time (days)

O
ve

ra
ll 

su
rv

iv
al

 p
ro

ba
bi

lit
y

Module Sig + +Low High

KICH

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++

+
++++++++ ++ +

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++

+++
++++ + +

p = 0.0027

0.00

0.25

0.50

0.75

1.00

0 1000 2000 3000 4000 5000 6000
Time (days)

O
ve

ra
ll 

su
rv

iv
al

 p
ro

ba
bi

lit
y

Module Sig + +Low High

KIRP

+++ +++ ++++++++++++++++++++++
++++++

++

++ ++

+

+++++ +++
+++++

+++++
+++++++

++++ + +

p = 0.0047

0.00

0.25

0.50

0.75

1.00

0 500 1000 1500 2000
Time (days)

O
ve

ra
ll 

su
rv

iv
al

 p
ro

ba
bi

lit
y

Module Sig + +Low High
KIRC

H I

J

r = 0.323
P = 1.14e−10

r = 0.300
P = 2.41e−09

r = 0.396
P = 1.2e−15

LDHA MCT1/SLC16A1 MCT4/SLC16A3

0 2 4 6 0 2 4 6 8 4 5 6 7 8

4

6

8

10

Gene expression (log2(TPM+1))

M
od

ul
e 

Si
g

K

r = 0.532
P = 4.35e−29

2

4

6

8

5.1 5.2 5.3 5.4 5.5 5.6
mTOR signaling GSVA score

M
od

ul
e 

Si
g

L

r = −0.696
P = 4.32e−56

2

4

6

8

10

5.4 5.6 5.8 6.0
Mitochondrial feature GSVA score

M
od

ul
e 

Si
g

r = −0.791
P = 5.49e−07

0.00

0.05

0.10

0.15

−4.0 −3.5 −3.0 −2.5
 mtDNA score (Log10 Corrected Tumor)

M
od

ul
e 

Si
g

M N


