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[ Abstract] Objective To investigate the clinicopathological features, immunophenotypes, molecular genetic
alterations, and prognosis of succinate dehydrogenase-deficient renal cell carcinoma (SDH-RCC). Methods A total of 11
cases of SDH-RCC diagnosed at West China Hospital, Sichuan University between 2016 and 2023 were selected for
clinicopathological, immunohistochemical, and DNA sequencing analyses. Results Among the 11 cases of SDH-RCC,
there were 5 male patients and 6 female patients. The patients' ages ranged from 12 to 71 years, with an average age of 39.7
years. Among them, 5 patients had tumors located in the right kidney, 5 had tumors located in the left kidney, and 1
patient had bilateral tumors. Microscopic observation showed that the tumor cells of the SDH-RCC patients displayed a
wide spectrum of structures, forming sheet-like, nested, and glandular structures. In addition, tumor cells in papillary
structures were observed in some cases. The tumor cells had abundant cytoplasm, was eosinophilic, and contained
flocculent materials. Intracytoplasmic vacuolations were observed in some of the cells. Among all the patients, 7 (7/11,
63.6%) showed typical low-grade features (grade 1-2 according to the International Society of Urological Pathology
[ISUP]/WHO 2016 classification), and 4 (4/11, 36.4%) showed high-grade features (grade 3 according to the ISUP/WHO
2016 classification). The average ages of patients with low-grade and high-grade features were 32.1 years and 58.0 years,
respectively. Immunohistochemical staining of all 11 cases demonstrated negative results for SDHB and cytokeratin 7
(CK7), and positive staining results for paired box 8 (PAX-8), fumarate hydratase (FH), and epithelial membrane antigen
(EMA). Their Ki-67 index was 1%-30%. In one case, the loss of SDHB expression was also accompanied by a loss of
SDHA expression. Sanger sequencing was performed to examine all the exons of SDHB in 7 cases. One case showed a
frameshift mutation, c.236Tdel (p.K80Rfs*), and another case harbored a missense mutation, ¢.725G>A (p.Arg242His). In
another case, next generation sequencing revealed that large fragments of SDHB (Exon 4-8 del) were missing. Follow-up
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data were available for 10 patients. The follow-up time ranged from 4 to 138 months, with the average being 32.8 months,

and all patients survived. Metastasis and recurrence were reported in 5 cases, with 3 of them showing high-grade features

and 2 showing low-grade features. Conclusion SDH-RCC is rare and the patients demonstrate a relatively young age of

onsets. Patients may present with bilateral tumors. Tumors with low-grade features usually occur in young patients, with

their Ki-67 index usually being lower than 5%. Individual cases may experience tumor recurrence and metastasis over a

long period of follow-up. Tumors with high-grade features tend to occur in older patients who have a higher Ki-67 index,

and who are prone to recurrence and metastasis. Negative immunohistochemical staining results for SDHB can assist in

tumor diagnosis, but the loss of SDHB protein expression does not necessarily lead to the detection of SDHB gene

mutation.
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JEH R IR IK & i (fumarate hydratase, FH) . L% &8 H
8(paired box 8, PAXS) , ffif H7(cytokeratin 7, CK7) , fik
R T IX (carbonic anhydrase IX, CAIX) . s 2L &
FiZc-kitZ K (CD117) . Ki-67, b 5 4 g i 4t 5
(epithelial membrane antigen, EMA ) 55 —¥Hi{KE 5 4L 52

Succinate dehydrogenase-deficient renal cell carcinoma

Gene mutation

e AR/ R ., SDHB, SDHA, FH, EMA, CK7,
CAIXFICD117BAPEAS 5 A T 40T, PAX8FIKi-67 5
DL FAMIAR . AU R IE R B /N R0 7 S SDHB A
FH B X HE
1.3 DNA{lF

WA e TR S8 3 e B A A A W 2H 21, SR JHFFPE
DNA Kit(FER e, o) i) & 3 oA A A ELDNA,
A3 EE TR I DN A B J5T A B, A% TR I S A5
Aso/ Asso TEL8 ~ 2.02Z 1], 12120 ng DNA AN, Green Taq
Mix(Vazyme, H1 [ ) #E4TPCRIZ L § 3 SDHBFY 438~ 71
T, B KIRE 55 C. PCREIYFIIWFEL, LU

%1 SDHBEMAES|Y

Table 1 Primers used in SDHB mutation analysis

SDHB or globin Sequence Product length/bp

El 5-GAAGCCGCCTCCCACTTG-3' 250
5-GCTTTCCTGACTTTTCCC-3'

E2 5-TCTGTTGTGCCAGCAAAATG-3' 287
5-GCCTTCCAAGGATGTGAAAA-3'

E3 5'-ACATCCAGGTGTCTCCGATT-3' 247
5-CTATCAGCTTTGGCCAGC-3'

E4 5-GTCAGTGCTGCCCCTGAT-3' 284
5-TGCAAATAAAAACAAAACCA-3'

E5 5-GCTGAGGTGATGATGGAATCT-3' 249
5'-CCACACTCCTGGCAATCATC-3'

E6 5'-ATGCACTGACCCCAAAGGTA-3' 271
5-CAGCAATCTATTGTCCTCTTG-3'

E7 5-CTTTCCTCTGCACTCCCAGA-3' 283
5-TTGTGAGCACATGCTACTTC-3'

E8 5-GGAAGGAGTTTCACCCAAGA-3' 263
5-TGCTGTATTCATGGAAAACCAA-3'

Globin 5'-GATCTGTCCACTCCTGATGCTG-3' 196

5-ATCAAGCGTCCCATAGACTCAC-3’




&

75 k5E

D BRIHER

B

j
[

A R e 0 8 1 L i A 50 A

1101

Globin iy N2 [, JTEDNABLHR (1 2 i 1A 72 S 45 1 5 I
B 5 1 W35 o B A TAE TREA R A . i FH3730XL
DNAW P ALH#EA T DNARL I T, 455 28 ABIA wl 5143
Bro AMBESSIZ Y LB A SR AL T 240 Rl i 4t o

#HR

e RIER
11#|SDH-RCCE & W Im R (5 BT WL k2, Hh B
s, akefil, B H0.83 1 1. BFAER12 ~ 718,
(39+18) %, L 4AEIR41% o SEIMEAL T4, sBI6L T
A VIR A TR e . b 30 S 2 il IR IALR .
AR IR AR, 5091 £ 35 PRUARAS: S B JUFE o 67, 43491 8
TIRLATE, BFETT AR
22 KEFKE

ABE T 7451 58 5 e Fe K A24.0 ~ 14.0 em, Py
9.3 cm. ZEUIMIE FBRALIE R, ToH] AR, 10 S AERT
P, R DL AR A s A il 1) S IR e A G, 5 R L4
BUr AN o 701 YIS RS0k L R KR E, Ho

2

2.1

AT S ZRAR, AT UL i RBE X (E 1A, EI2A) .
2.3 ALRFEWS

iR K 22 i AR , M R B UY BUR I, JR s
SRS/, TN E NS . dEHHES 254
EZ =R NN Tl s 1 R ISR i
4 e 200 i 22 (B0 s B IR0, 40 R BR AN T 8 e 3=
VG IR 2R, R A IR P AT LA I A A% R
JEEOR T, FERRE A, o di Az A=A B i, G a5
B g DBORGIRIE R, K LI, SR 2,
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Table 2 The clinicopathological features and follow-up data of 11 SDH-RCC cases

SDHB

SDHA

SDHB

Case Age/yr. Sex Location  Size Initial symptom Grade (IHC) (IHC) (Mutation) Treatment Progression Clinical follow-up

1 60 F R 9.5x8.8x7.2  Hematuresis 3 Loss  Positive No Radical nephrectomy Pulmonary metastasis 9 months,
at 6 months after surviving
surgery

2 71 F L 14x13.3x10.5 — 3 Loss Loss  No Radical nephrectomy — -

3 49 ML 14x7x4.5 Stomachache 3 Loss  Positive No Radical nephrectomy Lymph node 4 months,
metastasis at surviving
primary diagnosis

4 52 M R — — 3 Loss  — — Radical nephrectomy Retroperitoneal 28 months,

and everolimus metastasis at 24 surviving
months after
surgery
5 22 F RandlL — Identified in 2 Loss  — Exon 4-8 Radical nephrectomy Recurrence at 60 138 months,
physical del and partial months and gastric surviving
examination nephrectomy metastasis at 138
months after
surgery
6 26 F R 10x9%4 Identified in 2 Loss  Positive ¢.236Tdel Radical nephrectomy Not progression 12 months,
physical surviving
examination

7 46 M R 4.5x4x4 Hyperglycemia 2 Loss  Positive ¢.725G>A Radical nephrectomy Not progression 4 months,

surviving

8 12 F L 4x3.8%3 Identified in 2 Loss  Positive No Partial nephrectomy Not progression 43 months,

physical surviving
examination

9 36 ML 9%8.5x8 — 1 Loss  Positive No - Not progression 57 months,

surviving
0 22 ML - Identified in 2 Loss  — — Radical nephrectomy Not progression 18 months,
physical and camrelizumab surviving
examination injection
11 41 F R — Identified in 2 Loss — — — Bone metastasis at 15 months,
physical primary diagnosis surviving
examination

Grade: ISUP/WHO 2016 grade; F: female; M: male; R: right; L: left; —: not available; THC: immunohistochemistry staining. " All the numbers are presented in cm.
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Fig 1 Tumors showing low-grade features of SDH-RCC
A, The gross appearance of the tumor; B, the tumor cells grew in sheet-like structures and had eosinophilic cytoplasm and intracytoplasmic vacuoles, showing low-
grade nuclear features; C, the tumor cells grew in glandular structures; D, the tumor boundary was clear, and entrapped renal tubules were observed; E, the tumor tissue
showed negative staining results for SDHB, with vascular endothelium as the positive control; F, the proliferation index of Ki-67 of tumor cells was <5%. B-D, HE staining;

E-F, immunohistochemistry staining.
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Fig 2 Tumors showing high-grade features of SDH-RCC

A, The gross appearance of the tumor; B, the tumor cells grew in glandular structures and had eosinophilic cytoplasm, large nuclei, and distinct nucleolus; C, the
tumor cells grew in a papillary structure and showed distinctive atypia; D, the tumor metastasized to lymph nodes; E, the tumor tissue showed negative staining results for
SDHB, with vascular endothelium as the positive control; F, the proliferation index of Ki-67 of tumor cells was about 30%. B-D, HE staining; E-F, immunohistochemistry
staining.
I FHYE X I ARBEFAR B 70IME AL, 6Bl 2.5 DNAMFLR
iKSDHA, 1#|SDHAZR A B (1K13) o 4l 222 I RAT W dF AR e T R 19 7 091 F8 25 ) i R e L 21, R
SDHAYL(A,(5R2) . IEZHLY3RIAPAXS, FHHIEMA, A DNA, 43 5l 4 8 SDHB L K (19 84~ 4 ik F X Ji5 i 47
FIACK7, CAIXFICD117, Ki-67K1% ~30%, HrP k& SangerWllJy. &5H & B, 161K SDHBREF 45 X 2878
AR Ki-6735 /N F5% (KI1F); @M MIEKi-678  ¢.725G> A(Arg242His, F & B> HEKR); 101K 1
20% ~ 30%([&I2F) . SDHBFHH 575 c.236 Tdel (p. K8ORfs*) (F4) . 71412
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[ 3 SDH-RCCHPJELA LA FSDHAE B RIAFR
Fig 3 The expression of SDHA protein in SDH-RCC tumor tissue
HE staining of case 2 (A) and case 3 (C); immunohistochemistry staining
showed SDHA negative results in case 2 (B) and SDHA positive results in case

3(D).

¢.236 Tdel
TTCATTCTTATCTTGATT

c.725 G>A

& 4 SangerillF &R
Fig 4 Results of Sanger sequencing
A, Case 6 showed a frameshift mutation c.236Tdel (p.K80Rfs*) in SDHB
gene; B, case 7 showed a missense mutation ¢.725G>A (Arg242His) in SDHB

gene.
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tE IR 52 e B 7%, A 345 B0 RN 2451 (I 0 P
TE A= 52 e A% 1) e R0 6 3 v 191 SR 3 40012 BRI A A T
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C. DAL ZH I . Zi B SDHA A W) Y 1Y A~ 7
SDHA(5p15.33), SDHB(1p36.13), SDHC(1q23.3) fl
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T /N T 5%, T i 20 e S B B s, LU T
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HLIEE e, b Ay Rk o bR A A RS 2 Se v S AR L R
HAR L NVER RS, IR 4 2 2 B s RDE, i
TS AT = T g ER M URL, A% S5 A0, IR e Y
TG 175 2 0 AR R AR 25 4, () BT ] LI AA 7K i B IR
FESEHY . SRfe 2 ALY (500 R IKCD117, JTSDHBK A G
R ()3 P 240 M A L O B DL S
e 2 A 2 P 375 ) A B2 G, T D S R PR A, i
ZHED) 2 B REEAE, A R T DL =E A B AR I A I,
BE ALY (038 H F23A CAIX ™, JTESDHBE A B . B
o0 R0 ey 200 i T SR L R IR B R 2R HE
B TR Py T € 200 M s by AR BRI ) B 2 S A i A
TR/ IS B TR P 240 LR G, At L 52 22 300 BB IR, A
THREEYI A AERE . AHRAZIEASAHEI, 7T WA | #%E
BERE L RIE | RN TR A R B A R A . s dlAk
YL {30 H e IKCK7MICD117%Y, JCSDHBF A B . @HE
AR IR K G T b B0 B A iR >,y FHAEE R 58 8 IR R
SRR GEAR I B R o s 4 e 2R A1) 2 L SR AR GG
¥y, AT R RER AR St R RS AN SR S
FETE . MUADE S N AT 5 . BBIRTE, K, W
WA WA R s R s A - FHER A Gl
gL 2-BEFRR P e 2 AR AV, TCSDHBERIA B .
SDHE &4 H T A IV 56 XA 07 B K 5 A8 s SDH W
Ji 21F CpG iy 1y e H AL B 35 W] B S 1 2 1 45
A AN R T I fie, 3 2 b e (0 3R 1L SDH B 35 ikt
A28 SDHARE N ZRAFRF, v R ¥ SDHAFISDHBZE
1 [l i e 18 Bk 2 s (HSDHB . SDHCHISDHDIE R 575 i},
SDHAfREEAIfL YL 0 A P >, B I B e difh
FRiCSDHBER 11 2¢ 1A B 4 X SDH F i 3 K 2 748 (1) 4 S

Al K100%, iR h84.6%, NG| SDHIE K & Ak FE A
Z7AF I SDHBA L 4L fh e (0 A S 55 B R Feak >, A AF
5% K I SDHBAR [ K 1) B i vh ARk 1 SDHE & W i 4
fif—AN P FE 5 AR, 7 K e FC = BRAE & B2 T2 it
& 575 S M SDH R I IR 1) 1 #8 T80, I,
SDHB R 2H Ak Y (0 25 5 15 SDHBIE N RASF- A5 RWIA
AL %5 75 SDH-RCC PRI ZH 21 84~ F1 fik F-1EF TDNA
I, AL 215 e K i SDHBFE R 248, AT g Je: i T-SDHB
SR S T A A 53 AR A At 35 PR A AR Bl 328 1 R s 25
L, WAl e 1 AESDHBRY H Al SDHE JE 58 42 B 2L, 5 ik
—BFFEUESE . PR, 4R 2 21 SDHBR IR B B T LA
1 5 HAFE SDHE & W) BB 1115 >4 SDHBSS FH M 18 Jmy &t FH
PEFRIKET, AN BE 5¢ 4 HEBR B S SDH Gk A 7Y i 5 >4
SDHBH Ik He 4k M A & BLSDHIL [H 5 548 I, 5 b — 2 5¢
3 RGN 8L SDHE A1 3 CpG i 1B i 7 S A A =

£ I, SDH-RCC/ESDHEEH K 1 T3 SDHBHE [ 3%
IR 5 L B 2SR . T, SDH-RCCIIRYT B ik T
ARYIR . ARG SDH-RCCHIX T 4847, (AT 2K Ik
Vi, = |SDH-RCCHEFH &) 52 K 5% # . SDH-RCCHMEE
H ML, SDHBR Al fb AT Bh T2 W, LRI T
PR — 20012, e UR 3 SRR A 1 T 2RI
PRI I HIT 2

* * *

FEFTEE B WA EE T SO R L BT & SRR R
1, DEFEA TR SO ERGE, R R 5 ST AR IE, FHhes 1
ST IPIRR S 1R, A 6 5T IE AT AL, 18 3 157 6 it
FT P BEREEUR R 4 T, SRR SO R BRI BIFTE s L B e, R
P TSR IEX T PRI BETE0r ik L SR OL R I AT i
HEME. PrafEE O AR R ORI AT, HXPHEERRIRA
BEATIRZE R, I IR AR AT 5 i 5157 o
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