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Research on the role of SOX9 in regulating metabolic reprogramming in diffuse
large B cell lymphoma
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[Abstract] Objective:To explore the role played by the differentially expressed SRY-box transcription factor 9 (SOXY) gene in
diffuse large B cell lymphoma (DLBCL), particularly in the regulation of metabolic reprogramming in the germinal center B-cell
(GCB) like subtype. Methods- The clinical information and gene expression profile data of 481 DLBCL patients retrieved from the
NCICCR-DLBCL database were included. Data analysis and visualisation were performed by using R language version 4.1.3. The
classification was performed by using a cell of origin subtype (COO) classification algorithm based on RNA-seq sequencing of
expression. ABC/GCB features were used to annotate gene sets, and the classification was verified by gene set enrichment analysis.
The ABC and GCB subgroup was dichotomised based on the mean expression of SOX9. Differential analysis was performed by
using the DEseq2 package. The relationship between SOX9 and ABC-DLBCL metabolism was analysed by using KEGG (Kyoto
Encyclopedia of Genes and Genomes) with the Hallmark annotation set. The survival curves were plotted by using the Kaplan-
Meier method. The pan-cancer analysis was performed by using GEPIA2. The microenvironmental scoring analysis was performed
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by the ESTIMATE package. Results-Of the 481 DLBCL patient samples, all the patients had RNA-seq expression data, 421 had
clinical staging, 335 had international prognostic index (IPI) scores and 234 had survival data. The classification yielded 232
(48.2%) ABC subtypes, 173 (36.0%) GCB subtypes and 76 (15.8%) unclassified, consistent with the proportions declared in the
database, and the enrichment analysis was verified to be consistent with the ABC/GCB expression profile. Compared to the high
SOX9 expression group, the overall survival was shorter in the low SOX9 expression group and the prognostic score was worse. The
pan-cancer analysis showed that this phenomenon was also seen in other tumor types. The differential analysis showed that there
were 156 upregulated genes and 1 826 downregulated genes in the GCB subtype in the low SOX9 expression group, compared to the
high SOX9 expression group. For metabolic processes, down-regulated genes were enriched in glycolysis. Conclusion-In the ABC
subtype of DLBCL, the SOX9 gene affects the biological features of ABC-DLBCL by regulating metabolic reprogramming, and low
expression of SOX9 in DLBCL, possibly caused by high methylation, predicts decreased glycolysis in tumors. The proportion of
tumor stromal cells decreases, showing a worse prognosis.

[Key words] SRY-box transcription factor 9 (SOX9); diffuse large B cell lymphoma (DLBCL); metabolic reprogramming
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Tab 1 Primers for glycolysis

Gene Forward primer (5—3")
NTSE AAGGACTGATCGAGCCACTC
EGFR CCCACTCATGCTCTACAACCC
VCAN GTAACCCATGCGCTACATAAAGT
COL5A1 GCCCGGATGTCGCTTACAG
GPCI TGAAGCTGGTCTACTGTGCTC
CLDN3 AACACCATTATCCGGGACTTCT
SDC1 CTGCCGCAAATTGTGGCTAC
GPC3 ATTGGCAAGTTATGTGCCCAT
GPC4 GTGGGAAATGTGAACCTGGAA
PKP2 ATGACATGCTAAAGGCTGGCA
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Yk & 5 19 Hallmark J% [H 48 Fl KEGG 2 [ S T
MSigDB v6.0 (The Broad Molecular
Database) 2/,

124 AEAF M 2T SOX9 Kk k¥,
Kaplan-Meier 53T & SVEFE,  FH Log-rank ki 55
it &

1.2.5 M EIE 81 R4 ESTIMATE $ 5 [ (1
RIETESy, WHEELTES (stromal score) . HEETES>
(immune score) F1fift 8 46 &£ (ESTIMATE score or
tumor purity) 2’ ] R I B EVEE R, I
Holm-Sidak % 17T Z AR KHFIE (2=0.05).

1.2.6  RNA i {2 FI5C I 2¢ 6 % it PCR RNA fili 2 -
fdt J TRIzol iIX 7] (RAR A LRI AR A ) A
DLBCL #il jg 5 £ A< 2 B RNA L R ] NanoDrop 43
Br RNA 4l B I ] 22 RNA ¥ B2, 1fi /5 Ji] FastKing
gDNA Dispelling RT SuperMix (RHRAELFHEZ AR
Fl) X1 g 98 RNA #E4T R % 5%, JFff 1l SYBR
green master mix 5 ¥F % 514 (Takara, HA)
HEAT 82T 98 € /& PCR (quantitative real-time PCR,
qPCR) . X T 4r, (A 2 (H 2 H s B A
{8 5 B-actin 2 N R B A7 H— 1. BARTI Y )75
R,

Signatures

Reverse primer (5—3")
GGAAGTGTATCCAACGATTCCCA
TCGCACTTCTTACACTTGCGG
GGCAAAGTAGGCATCGTTGAAA
AAATGCAGACGCAGGGTACAG
CCCAGAACTTGTCGGTGATGA
GCGGAGTAGACGACCTTGG
TGAGCCGGAGAAGTTGTCAGA
TTCGGCTGGATAAGGTTTCTTC
CGAGGGACATCTCCGAAGG
GGGAGCTGTACTGTGCTGTTC

Note: NTSE—S5"-nucleotidase, ecto; EGFR—epidermal growth factor receptor; VCAN—versican; COL5A1—collagen, type V, alpha 1; GPCl—glypican-1,

CLDN3—claudin 3; SDCI1—syndecan-1; PKP2—plakophilin 2.

1.2.7 HEFBEGEE U 21010, F PBS Uk
208, A 100 uL 40 i 2 6% 2 vhil (5 20 mmol/L
Tris-HCl pH 8.0, 150 mmol/L NaCl., 0.5%NP-40.
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Note: The classification for ABC/GCB subtypes was obtained by a classifier based on transcriptome. GSEA analysis was used for the validation.
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Fig 1 Validation for the classification of ABC/GCB subtypes classification
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DLBCL F1 GCB-DLBCL H1 SOX9 [R5 2% 12 5 0 4 f1d)
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Note: A. Kaplan-Meier survival curve comparing the overall survival time for different SOX9 expression groups (upper 50% vs lower 50%) in GCB-DLBCL
from NCICCR-DLBCL patient cohort. B. Distribution of IPI scores between different SOX9 groups (upper 50% vs lower 50%) in GCB-DLBCL from the
NCICCR-DLBCL patient cohort. C. Kaplan-Meier survival curve comparing the overall survival time for different SOX9 expression groups (upper 50% vs
lower 50%) in ABC-DLBCL from NCICCR-DLBCL patient cohort. D. Distribution of IPI scores between different SOX9 groups (upper 50% vs lower 50%) in
ABC-DLBCL from the NCICCR-DLBCL patient cohort. "Low risk" contains "Low risk" and "Low-intermediate risk" in original cohort, likewise the "High".

Statistical significance was determined by Fisher’s exact test.
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Fig2 SOX9's effect on DLBCL patients’ survival
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Note: A. Changes of SOX9 expression between tumor samples and normal samples from testicular germ cells tumors and skin cutaneous melanoma based on
TCGA database. B. Kaplan-Meier survival curve comparing the overall survival time for different SOX9 expression groups in follicular lymphoma,
adrenocortical carcinoma and breast cancer. Statistical significance was determined by the Log-rank test. “P=0.000.
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Fig3 Expression and prognosis value of SOXY in various cancer types
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Note: A. Volcano plot of differential expression analysis. B. Representative GESA plots with hallmark and KEGG as reference gene sets. C/D. Change of
glycolysis was confirmed by qPCR analysis in Karpas-422 (C) and OCI-LY1 (D) cell line. ©P=0.000, P=0.006, “P=0.016, "P=0.002, ®P=0.003, ©P=0.254,
©P=0.036, ©P=0.716, ©P=0.496, *P=0.129. E/F. Change of glycolysis was confirmed by Western blotting analysis in Karpas-422 (E) and OCI-LY1 (F) cell line.
4 SOX9FRixER3 GCB T E DLBCL R 418 B Ay iR

Fig4 Regulation of metabolic pathways by SOX9 in GCB-DLBCL
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Note: Scores of stromal content, immune cell infiltration and tumor purity
derived from the ESTIMATE algorithm. YP=0.006.

5 FRixERSOX9IKIDLBCL HRIEER
Fig 5 Infiltration of DLBCL with different expression of SOX9
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Encyclopedia, CCLE) #4 J4 Hpox 45 4l fif 2 23k 1 1Y)
W 5E 2R, 46 K 2% DLBCL 41 i ik 1) SOX9 # ik
AR, AT S E TR SOX9 /& ABC WA
RRAE 1, 1 ABC WU AL R 2 1 HR . 1t
SMERFSE 2 Rk BR, 75 DLBCL 20 i i SOX9 ¥4 42
o IR LU FE VR TR LR ) o 3k S SR 7R SOX9 1Y)
FIRBR AT REME UE DLBCL W A LB, AR T H#H
HITE . RAERMILATAR ISR T SOX9 i ik 1E
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IGH-BCL2 5 37 2725 ) DLBCL . %8 3 5F 4 45 24- it
4 H [H B A JR f (dehydrocholesterol reductase 24,
DHCR24) Ay#ik, {2t GCB W& DLBCL 41 g i i
A, A% S DLBCL B & 2 Y, {HIRATHY4E
J B 7R 7E DLBCL 1, SOX9 &5 2235 (1 P4 AW B A
GCB W R Mk DLBCL i i & (Karpas-422 #1 DB
Y ) o 7EIX FRE A WA H Y SOX9 1T RE I 3 FE A HL
il ZEBURSN . M2, TE48 K Z 401 DLBCL h
SOX9 IR E WA RNAT AT TR A, FRATT A0 £k
PR 7R T LR A HE IR 1 SOX9 3 1k i 2k 1) o A U
il

A AR T g B MR AR AR R SR . B A
b B 4 B AR AL R A PR ik e, (B2 K Z
B Ik I8 A T Ve TR A SRR SRR R TR AR T
HOAR e M B R R BE, X E A “ Warburg
BN . AR, 7F DLBCL ' ABC Al GCB P4~
20 i S A e R R AR TSR] o PR 3 5 4 i e
3 006 L TR P14 T 20 O R A B L, R MR 1% i AR
s T R 40 A S A RN R AR 4B 4 A A 1 3L
MR A Jy EBERR R R R, R 3840 Fr A BRI 34 77 A= fig
i, ORIBCEALBERR A ACHE, 38 2 A [ (H A B AR 1)
fREEA, N AR E S R . RATA IR
F ik SOX9 ) ABC FIl GCB V. 5 rfr 2 4 01 1 it )l 55
IS, 454G SOX9 V& ¥ 40 i 6 B i D ag el
SOX9 1) 235 il 2% AT fi 380 2o 9] 1 I Tl A 58 ok & #54E
. I H SOX9 3R 3k B 2% v fih 968 55 5T 248 12 31 ik /D>
X AR AR S FEFRATT AR . DLBCL A by 5 1 5 fih
e, X ESTIAMTE o3& i 4il iz i JC i s, 2
H G AT s g iz g . % 8 3] ESTIMATE
BT R IR A T IR AN R Y, BOARRE
ELH A T I 2 TR) Y A 2 92 1 A7 0 i 9 4l R —
B, MR B AD S L — P e . AN, X T
SOX9 J2 15 38 11 M P 110 368 165 L 42 R e Al v ML A 477
ANHTAL,

TR TN RN, SOX9 ik g I A&
BEBLA A1), A RERE S & 7E ABCEL GCB . TG
1£7F DLBCL 1) GCB W Alif J& ABC WA, SOX9 £
KRR A ARG OC; JF HAE ABC WA h
IPLPV 3 B 2%, Tl 45 B8 i 1 JRUISS: 238 R B 22 (1 il )i o
BT SOX9 F ik il R ixX — ARS8 1 ABC AL T
SOX9 (i TR G HEATIX 43, T RIB B X IR
FEARMER E X, B B BRIk I AR BE
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EBRBEBRFALDEFRT BEEKS F R & BB AR FF 1SR ST 40 ) 77

20234 8H 240, LERBRFAATAFRILHRFRETEAMFZR EEERESMRAILITAKERT
XFHK, £ BIF% % 3 A Cell Death & Disease X F& # # Vemurafenib inhibits necroptosis in normal and
pathological conditions as a RIPK1 antagonist BT R, B RATEHH AN RL RS, TEBRSHREE
%32 B (FDA) #t/E L Feg2hdp B ATk, RARBBH—%F R (Vemurafenib) #E4%1E A —FF A 249
MRS H A, PR TS ARSI EAE AR G# B | (receptor-interacting protein kinases 1, RIPK1)
KA A AR BBV, FLAFIRIE MK T R A T AE 5 A, A ) 40 HLAR PR IR ST AR KRR B A
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