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[# ZE] BM: TR EEBS E)EEF 2(NADH-cytochrome BS reductase 2, CYBSR2)7ETRIE K B 41 itk U8 (diffuse large B-
cell lymphoma, DLBCL) H [ B R AE S H At I PR TS 1148 78 A0, v DLBCL 3175 B AR IR T SR A 0TI . 77 3% : AT
TR EYE B0 5k RS IEF 454 SIS . 1558 T TCCA %4 & 3R DLBCL A ¢ 11 22 37 28 1A 5 R 4 4, i
DAVID 6.8 & HEHT GO Thit & 420 M i i X B L [ CYBSR2. 3T TCGA Ml GTEx 3 E 48 4 /3 B CYBSR2 7 DLBCL 414 5
IEFHMELL P ERIELER . BT 0L HEHr CYBSR2 £ 47 DLBCL A/ B4Rtk B8 b il ik 2 5. #— S
[ 4 B BURTE 2, A9 N B B R K 2% 28 — B I 22 B 2015 4F 1 3 —2019 4F 12 A &% ELAf 12 B U 50 8] 56 8 1) 59 45 DLBCL &
H o K AL Gk i R 4 2R vh CYBSR2 8 R IE KT, 45 & I PR B4 AL [ AL 48 Ann Arbor 73 . 40 JE VR Ccell of
origin, CO0) 73 24 | FLI& At % (lactate dehydrogenase, LDH) 7KF-. CD10 FRIAARASE 1 S0 97 I N[ 58 2= 22 fif (complete response,
CROF AT MK T o R H Kaplan-Meier 722 il 2E 47 11 28, Log-rank #56 LW AR 2 57 o SR A8 B0 0T R,
CYBSR2 7£ DLBCL#H & Fp B & T 3RIA (P < 0.05) . AR BASIEGIE & B CYBSR2 £E LDH FH 95 51 o (1 BH 1 338 7 T LDH 1E % 9%
1 (x*=4.832, P=0.028) ; 7E Non-GCB . L5 5] 1] FH 4 335 1 T GCB 3P AL {91 (*=4.468, P=0.035) ; £ CD 10 BH 14975 451 7 11 BH 4
FIEwT CD10 BB ('=4.468, P=0.035) . AEAFHHTR Y, CYBSR2 31k B3 10 5 4 B A7 W Coverall survival, 08) 12 3%
& T CYB5R2 FHUK R IE B H (¥=4.799, P=0.028) ; (53215 3 ) CR F B Z K T CYB5SR2 ik & ik B3 (y’=4.015, P=
0.045). £5i8: CYB5SR2 7E DLBCL H 2 HURFEPE Ry R IA 1520, Hod 394 5 Non-GCB W2\ LDH F i 55 A8 R TG (R 3 3540 5K,
PR H TN 58 DLBCL 1443 5L R K R B0 I AR AT SR B2 L7 i 3R Ak 4
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Expression and clinical significance of CYB5R2 in diffuse large B-cell ymphoma
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[Abstract] Objective: To investigate the expression characteristics of cytochrome BS reductase 2(NADH-cytochrome B5 reductase
2, CYB5R2) in diffuse large B-cell lymphoma (DLBCL) and its prognostic value, providing new insights for molecular classification
and individualized treatment of DLBCL. Methods: This study employed a combined strategy of bioinformatics analysis and clinical
validation. First, differentially expressed gene datasets of DLBCL were obtained from the TCGA database, and the DAVID 6.8 platform
was used for GO functional enrichment analysis to identify key genes, such as CYB5SR2. The differences in expression of CYB5R2
between DLBCL tissues and normal lymphatic tissues were analyzed based on integrated data from the TCGA and GTEx databases.
Additionally, a retrospective cohort study was conducted, including 59 DLBCL patients diagnosed pathologically with complete follow-
up data from Jan. 2015 to Dec. 2019 in the First Affiliated Hospital of Nanjing Medical University. Immunohistochemical staining was
used to detect CYB5R2 protein expression levels in tumor tissues, and their correlations with clinicopathological features [including
Ann Arbor staging, cell of origin (COO) classification, lactate dehydrogenase (LDH) levels, CD10 expression status, etc.] and

treatment response [ complete response (CR) rate Jwere analyzed. Kaplan-Meier survival curves were plotted, and survival differences
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were compared using the Log-rank test. Results: Bioinformatics analysis revealed that CYBSR2 was significantly overexpressed in
DLBCL tissues (P <0.05). Clinical cohort validation showed that CYB5R2 expression was higher in cases with elevated LDH levels
than those with normal LDH levels (x’=4.832, P=0.028). The positive expression rate of CYB5R2 was higher in Non-GCB subtype
cases than in GCB subtype cases (}’=4.468, P=0.035) and higher in CD10-positive cases than in CD10-negative cases (y’=4.468, P=
0.035). Survival analysis demonstrated that the 5 -year overall survival (OS) rate of patients with high CYB5R2 expression was
significantly lower than that of patients with zero or low CYB5R2 expression (y’=4.799, P=0.028). The CR rate in patients with high
CYB5R2 expression was significantly lower than that in patients with zero or low CYB5R2 expression (}*=4.015, P=0.045).
Conclusion: CYB5SR2 exhibits a characteristic overexpression pattern in DLBCL, and its overexpression is significantly correlated with

adverse prognostic factors such as the Non-GCB subtype and elevated LDH levels. This study provides important theoretical evidence

for refining the molecular classification system of DLBCL and developing targeted metabolic therapy strategies.

[Key words] diffuse large B-cell lymphoma; CYB5R2; immunohistochemistry; prognosis

YR8 K B 40 B bk B2 98 (diffuse large B-cell lym-
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22 WBRGmELE

59 DLBCL B H#h(56.2+15.2) %, 53374,
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W1 W8 #1(8/59, 13.6% ), 1T # 11 1 (11/59,
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A Volcano plot of differentially expressed genes in DLBCL tissues from the TCGA database , with genes enriched in the GO analysis and located in

the mitochondria labeled. B: Compared with lymphocytes in normal blood from the GTEX database, CYB5R2 is highly expressed in DLBCL tissues in

the TCGA database. P < 0.05.

1 CYBSR27 DLBCL RS RIA(SEREHEHLAML)
Figure 1 CYBSR2 is highly expressed in DLBCL tissues (compared to normal lymphoid tissue )



5545555 1] IhFakE, 22T A7, AL, S5 CYBSR2 AR5 OK B 4 M bk B8 A g Rk A Holm R = ST ]
20254E5 A M ERR AR (H AR AR, 2025,45(5) : 644-651 ° 647

DLBCL

FL

MALT

MCL

SLL/CLL

X . ! . o T A A

A: HE staining of DLBCL tissue. B: Corresponding area showing strong positive expression (high expression group) of CYB5R2 by immunohisto-
chemical (IHC) staining. C: HE staining of another DLBCL tissue. D: Corresponding area showing weak positive expression (zero or low expression
group) of CYB5R2 by IHC staining. E: HE staining of FL tissue. F: Corresponding area showing strong positive expression Chigh expression group) of
CYBS5R2 by IHC staining. G: HE staining of another FL tissue. H: Corresponding area showing weak positive expression (zero or low expression group)
of CYB5R2 by THC staining. I: HE staining of MALT tissue. J: Corresponding area showing strong positive expression Chigh expression group) of
CYB5R2 by IHE staining. K: HE staining of another MALT tissue. L: Corresponding area showing weak positive expression (zero or low expression
group) of CYB5R2 by THC staining. M: HE staining of MCL tissue. N: Corresponding area showing strong positive expression (high expression group) of
CYB5R2 by THC staining. O: HE staining of another MCL tissue. P: Corresponding area showing weak positive expression (zero or low expression group)
of CYB5R2 by IHC staining. Q: HE siaining of SLL/CLL tissue. R: Corresponding area showing strong positive expression Chigh expression group) of
CYBS5R2 by IHC staining. S: HE staining of another SLL/CLL tissue. T: Corresponding area showing weak positive expression (zero or low expression
group) of CYB5R2 by IHC staining. Scale bar=25pm.

E2 CYB5R27E DLBCLF/)\ B £ Atk B s g RiA
Figture 2 Expression of CYB5R2 in DLBCL and small B-cell lymphoma tissues

37.3%), BCL-6 FH 1"t 53 1 (53/59, 89.8%) , BCL-2 [ (47/59,79.7%) , CD5 FA 4 5 151 (5/59, 8.5% ) , CD30
£ 46 15 (46/59, 78.0% ) » MUM-1 BH 15 47 5 (47/  FHAE 5 51 (5/59, 8.5%) » c-Myc FHE (40% LA 1) 16
59,79.7%) , Ki-67 /= 3 56 K 15 (75% LA L) 47 (16/59,27.1%) -
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Table 1 Differential expression of CYB5R2 in DLBCL and

small B-cell lymphoma tissues [n(%)]

CYB5R2 high  CYBS5R2 zero or

Group expression low expression X P

DLBCL 37(62.7) 22(37.3) - -
MCL 3(10.00 27(90.0) 22.33 <0.001
SLL/CLL 5016.7) 25(83.3) 16.92 <0.001
MALT 3(10.00 27(90.0) 22.33 <0.001
FL 4(13.3) 26(86.7) 19.52 <0.001

2.3 DLBCL# £ % CYB5R2 & & % ik 55 Jk J& 32
HriEZ a8y X &

CYBS5R2 £ 59 4 DLBCL 7 S BIAZ 3% P 4 , #R 4%
CYBS5R2 [ 1k 1 B 73 A Ry ik 2H (37/59, 62.7%)
A SRR IE4(22/59,37.3%)

7E CYBSR2 =R IAH H, 21 41 (21/37, 56.8%) &
#0375 FLBR It &0 (lactate dehydrogenase, LDH)
Tt &, 27(27/37, 73.0% ) 51 55 3 1 40 A2 Y5 Ccell of
origin, CO0) 7%y Non-GCB A, 7E CYB5R2 ZE ik
Tk, 641(6/22,27.3%) i Wi LDH T+ &,
10 151 (10/22, 45.5% ) & % 1) COO 43 4 75 Non-GCB
A, 7ECYBSR2 mRIAHH, 1061(10/37,27.0%) i
H AR CDI0OBHM: . M {E T Bk K IE 4
W, 12 1) (12/22, 54.5% ) B CDI0 BH P . 5
CYB5R2 EH KR IAH A L, CYBSR2 /&5 R ik 4 7
Il PR 45 AIE _F 56 451 %5 3 26 B ofn 7 LDH J & (=
4.832, P=0.028) . Non-GCB V. %! (y*=4.468, P=0.035)
(£2). EHRIEERAE E, CD10 BA 7% 51 58 %2 LA
CYB5SR2 & 8 ik & 15 4 b (y’=4.468, P=0.035) (&
3)o FEAFERE VIHER A T BAEIR R R A 2 AL T
EL 45 Py L VbR E 4 b a2 R B 56 I 2R 0 M 8 4 LA
J1IRZS PE 53 (Eastern cooperative oncology group per-
formance status, ECOG) 1¥43 « [ b5 T 5 #8 201 77 Gin-
ternational prognostic index, IPD) ¥F473 f I8 73 #H
CYBSR2 1E =ik 41 5 FEARRIB A 2 R T4
THEE (P> 0.05,%2).

24 DLBCLZZ ¥ CYBSR2 & G &k 5 E LW
Z a8 # A

59 4l DLBCL 35 ¥4 52 b R-CHOP J7 36
7, 1897 RCR VAl N 56 45 22 fif (complete response,
CR) # 33 #1] (33/59, 55.9% ) , & 43 2% fift (partial re-
sponse, PR) & 12 (12/59,20.3%) , #i I K4 5E (stable
disease, SD) & 1151 (11/59, 18.6%) , 597 13t J& (pro-
gressive disease, PD) 3 3 1 (3/59, 5.1%) . 1E 37 #l
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Table 2 Differences in clinical characteristics between

CYB5R2 zero or low expression and high

expression groups [n(%)]
CYB5R2
Zero or low  High
Clinical characteristic expression expression X P
(n=22) (n=37)
Age(years) 1.732 0.188
<60 14(63.6) 17(45.9)
>60 8(36.4) 20(54.1)
Sex 0.449 0.503
Female 7(31.8) 15(40.5)
Male 15(68.2) 22(59.5)
B symptoms 0.687 0.407
Absent 16(72.7) 23(62.2)
Present 6(27.3) 14(37.8)
Primary site 2.424 0.119
Nodal 11(50.00 26(70.3)
Extranodal 11(50.00 11(29.7)
Number of extranodal sites 0.031 0.861
<] 13(59.1) 21(56.8)
=2 9(40.9) 16(43.2)
LDH level 4.832 0.028
Normal 16(72.7) 16(43.2)
Elevated 6(27.3) 21(56.8)
ECOG score 1.675 0.196
0-1 19(86.4) 25(67.6)
2-4 3(13.6) 12(32.4)
IPI score 3.441 0.064
0-2 15(68.2) 16(43.2)
3-5 7(31.8) 21(56.8)
COO subtype 4.468 0.035
GCB 12(54.5)  10(27.0)
Non-GCB 10(45.5) 27(73.0)
Ann Arbor stage 1.128 0.270
I+1 9(40.9) 10(27.0)
m+Iv 13(59.1)  27(73.0)

Note: the serum LDH level<271 U/L is considered the normal.

CYBS5R2 m ik 4, 1741 (17/37, 45.9%) .35 15 5|
CR, 11 f (11/37, 29.7% ) & # 1% | PR, CR X A
45.9% , % [ N Z (PR+CR) N 75.6% . 1E 22 1
CYBSR2 E K RIA4F, 16 1(16/22,72.7%) H ¥
5 F| CR, 141 (1722, 4.5%) & 15| PR, CR ¥ N
72.7% 5 XN ZE (PR+CR) A 77.2% . 3 #HL18] ) CR
RIERH Gt E L (45.9% vs. 72.7%, *=4.015, P=
0.045). 59 DLBCL &% B 15 4~60 1~ 7, & (1)1
P EAEI A R 52,44 H 18 Il RIR AT, 41 Bl £ 77,
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59.5%, E L FKIAH N 86.4%, R A G it ¥ L
(¥’=4.799, P=0.028, & 3).,
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Table 3 Differences in immunohistochemical characteris-

tics between CYB5R2 zero or low expression and

high expression groups [n(%)]
CYBSR2
Immunohistochemical  Zero or low High
characteristic expression expression P
(n=22) (n=37)

CD10 4.468 0.035
Negative 10(45.5) 27(73.0)
Positive 12(54.5) 10(27.0)

BCL-6 1.215 0.270
Negative 1(4.5) 5(13.5)
Positive 21(95.5) 32(86.5)

BCL-2 1.955 0.162
Negative 7(31.8)  6(16.2)
Positive 15(68.2) 31(83.8)

MUM-1 1.834 0.175
Negative 7(54.5)  5(13.5)
Positive 15(45.5) 32(86.5)

Ki67 0.124 0.725
<75 5(22.7)  7(18.9)
=75 17(77.3)  30(81.1)

CDs 0.378 0.539
Negative 19(86.4) 35(94.6)
Positive 3(13.6)  2(5.4)

CD30 0.378 0.539
Negative 19(86.4) 35(94.6)
Positive 3(13.6)  2(5.4)

C-myc 0.342  0.559
Negative 17(77.3)  26(70.3)
Positive 5(22.7)  11(29.7)

34 it

CYBSR 2&— KB R ThRe I & 1, i
HL 7 A NADH %% 8% 1 1 40 i 119 S8 Ak Ji ~F- T
WAL R I CYBSR KA 5/ ik it (1~5),
FL IR T 3 ITE 40 AT L 40 A% L 2RO AR
Hor CYBSR2 78 8 b i) e o RIA 5 i 2 R0k .
W FC I, CYBSR2 7E & MR\ FL e 45 g vh
FIEHL, (B CYBSR2 75 DLBCL H 2 31 i3 B4R
AN, I8 TCCA 48 2 73 R I, 58 IOk JR s b
St~ /NG B e e s S5 e, CYBSR2 L 2
BRI, X T R 5 HAU R <. ARFR

|

Iy

¥=4.799, P=0.028

1 — CYBS5R2 zero or low expression(n=22)

-~ CYB5R2 high expression(n=37)

O T T T T T T T T T 1
0 12 24 36 48 60

Time (months)
El3 CYB5SR2FIZXES5DLBCLEELFHXR

The association between CYB5R2 expression

Survival probability
=
W
1

Figure 3
and survival in DLBCL patients

KB, 5 EH Ak A0 N B4 i ok B8 T B
CYBSR27E DLBCL HHHFIEME iRy 3Rk . dE— 2Dt 5t
DGR B, CYBSR2 5 S MR e i # AH G 5 1l it B
1110 988 T J AH DR

AT 5 a8 i 4 2 2H 4K 4 132 CYBSR2 7 DLBCL
Wk, 45 5 7R CYBSR2 7E Non-GCB 4H ) ik
R 22 e T GCB 41, 76 137 LDH Fh i 1] v i) 2%
IRSRFE T LDH IEH Wi, #7x CYB5SR2 #1 COO 43
AL IMLE LDH 7K P — FF 1] DUV 4 Tl J5 40 B 76 4%
5 HABBE T ALY, CYBSR2 [ EE IRtz — =&
fHE AL L 7 N NADH #% #% 25 41 il % 2 B5 (cytochrome
B3, CYB)™, Z2 55 &= 4:. NADH L7 # )5
ARIINAD B T IE R BHE BT, 655
R TR A s S0 P 3- gk Y ol R ) A, R R AR
7P . LDH 75 fR AL R R R 1) 7L R e A Tt A R A A
A NAD HIAE ™, H5 0 CYB5SR2 5 LDH ¥R &% 1
FH 5 VAR A e 4 e e P T2 o e 2, 33 T S i 88 11
W R iR e E . S4h, AL KILCYBSR2 5
CD10FIAH 2 1% : CYBSR2 ik R ik 417 CD10 (IR 1A
BERTRREH, FEHET CDIO/BCLE/MUMI [
DLBCL COO 3%,

AREF EE H 2 — &1 CYBSR2 KA
HEEGHIRR. MiYhSF)E RKI CYBSR2 FE K
FIEAIRICE N 13.6%, 1M 1R IE R IE RN
40.5%, 2= 76 Gt e L, 3 H CYBSR2 R FRIA
HIGIT VPG A CR & v LLIA 2] 72.7%, 5 m R 1A H
45.9% 0L, ZRA S EE X L E#ER CYB5R2
FEFRIA N REHURE EEI TG AR T IE X
—Mri. A, MaZEPERRZ DLBCL 10 i B A 3L
CYB5R2 £ CD5'DLBCL il CD5 DLBCL H Hi Bl 7 57
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