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Comparison of two sequencing technologies for molecular classification of endometrial
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[Abstract] Objective: To explore the application value of immunohistochemistry (IHC) combined with Sanger sequencing versus
next - generation sequencing (NGS) in the molecular classification of endometrial carcinoma (EC). Methods: Clinical data of 123
patients with EC between October 2019 and June 2023 were retrospectively analyzed. Among them, 48 cases were classified using IHC
combined with Sanger sequencing, and 75 cases were classified using NGS technology. The molecular classification results of the two
groups were compared. Additionally, 10 representative samples covering the four molecular subtypes, POLE ultramutated (POLEmut) ,
mismatch repair deficiency (AMMR) , no specific molecular profile (NSMP) , and p53 abnormal (p53abn) , with varying clinical stages
and histological grades were selected for a comparative analysis of the results obtained from IHC combined with Sanger sequencing and
NGS. Results: Among the 123 EC patients, 12(9.7%) were POLEmut, 31(25.2% ) were dMMR, 67 (54.5% ) were NSMP, and 13
(10.6%) were p53abn. Of the 48 cases assessed by IHC combined with Sanger sequencing, 1(2.1%) was POLEmut, 12(25.0%) were
dMMR, 29(60.4% ) were NSMP, and 6 (12.5%) were p53abn. Among the 75 cases assessed by NGS, 11(14.7%) were POLEmut, 19
(25.3%) were IMMR, 38(50.7%) were NSMP, and 7(9.3%) were p53abn. The validation experiment on 10 samples showed that THC
combined with Sanger sequencing and NGS yielded completely consistent results in detecting POLE mutations and microsatellite

status. However, IHC had a 10% (1/10) missed detection rate for aberrant p53 expression. Conclusion: IHC combined with Sanger
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sequencing and NGS show good consistency in the molecular classification of EC. Nevertheless, NGS offers advantages in detecting

POLE mutations and complex subtypes, contributing to improved classification accuracy and reduced risk of clinical misjudgment.

[Key words] endometrial carcinoma; molecular classification; immunohistochemistry; Sanger sequencing; next-generation sequencing
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Figure 1 Interpretation workflow for molecular classification
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Table 1 Clinicopathological characteristics of four molecular subtypes in 123 EC cases

Pathological parameter POLEmut(n=12)

dMMR (n=31) NSMP(n=67) p33abn(n=13)

Agelyears, M(Pss,Pss) |
Histological type[n(%) ]

56.0(52.0,60.0)

Endometrioid 11(91.7)
G1-2 10(90.9)
G3 1(9.1)
Serous 0(0)
Clear cell carcinoma 1(8.3)
Other 0(0)
Depth of myometrial invasion[n(%) ]
<12 7(58.3)
=12 5(41.7)
Lymphovascular space invasion[n(%) ] 3(25.0)
Lymph node metastasis[n(%) ] 2(16.7)
FIGO stage[ n(%) ]
[-1 10(83.3)
-1V 2(16.7)

55.0(51.0,58.0) 56.0(51.0,60.0) 66.0(47.0,67.0)

27(87.1) 64(95.5) 6(46.2)
26(96.3) 61(95.3) 5(83.3)
1(3.7) 3(4.7) 1(16.7)
3(9.7) 1(1.5) 5(38.5)
0(0) 0(0) 1(7.7)
1(3.2) 2(3.0) 1(7.7)
19(61.3) 49(73.1) 10(76.9)
12(38.7) 18(26.9) 3(23.1)
18(58.1) 17(25.4) 4(30.8)
6(19.4) 6(9.0) 3(23.1)
24(77.4) 57(85.1) 10(76.9)
7(22.6) 10(14.9) 3(23.1)

2.3 AR 7kt dE oAt

IHC+sanger £ Wl : 7£ 48 {5+ 4 H , POLEmut %
141 (2.1%) , AMMR %4 12 511 (25.0%) , NSMP %4 29 43|
(60.4%) , p53abn 1 6 ] (12.5%) . 5 %5 5 1t A
&, AMMR 4 HH A 6 151 5 A 3 4T POLE 2 PRIAS M, TG
EHEBRIBAE POLE 2L 58748 ; NSMP 40 2 {7l = MMR
RGN , A7 7ERAE AMMR 235 50 XU, 1314
52 % POLE AU (45 SO0 BF AR R, oIk AT 52 211
43T 43 RUA K pS3abn 41 H 141 K 52 POLE Al
FE1E POLE 222 ks vl g o

NGS far Wl : 7£ 75 % F£ A<, POLEmut 24 11 {1
(14.7%) , AIMMR %Y 19 1 (25.3% ) , NSMP %4 38 {3

(50.7%) , p53abn %4 7451 (9.3%)

VR T 23 1 43 TR I i I 4 R Bl A L R 2.
NGS 7£ POLE 8722 e il o Jg ¥ il 2 L35 (P < 0.05) &

Guit oy A Eor, W4 R BR FIGO 4 W14,
O H EHFE E R LG F R (P 14>0.05,
% 3). FIGO 7 HARI 4 18] 22 53 1] fig 5 B AR AR K i
PR 38 (o 45 9% (NGS B8 22 N -3 Ui 11 - 1
SR P AR LR Y IR S e 7 S S
HEFE AR b3 b, AR 5 225y 7oy B A R b
B
2.4 HAIRILAFIE

POLEmut %! : 7€ 12 4] POLEmut %55 %1 o, % W,
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Table 2 Comparison of detection rates for molecular classification of endometrial carcinoma by different detection methods

[n(%)]
Detection method POLEmut(n=12) dMMR (n=31) NSMP(n=67) p53abn(n=13)
[HC+Sanger(n=48) 1(2.1) 12(25.0) 29(60.4) 6(12.5)
NGS(n=75) 11(14.7) 19(25.3) 38(50.7) 7(9.3)
X 3.932 0.002 1.122 0.311
P 0.047 0.967 0.354 0.765
“Continuity-corrected chi-square test.
R3 ARG T E G RRIEFFER B L AFE
Table 3 Baseline clinicopathological characteristics across different detection methods
Pathological parameter IHC+Sanger(n=48) NGS(n=75) %% P
Age(years,x £s) 552+73 559 +8.3 0.503 0.616
Histological type[ n(%) ] 0.419 0.517
Endometrioid 41(85.4) 67(89.3)
Non-endometrioid 7(14.6) 8(10.7)
Depth of myometrial invasion (n(%)] 1.609 0.205
<12 30(62.5) 55(73.3)
=1/2 18(37.5) 20(26.7)
Lymphovascular space invasion[n(%) ] 1.980 0.159
Present 20(41.7) 22(29.3)
Absent 28(58.5) 53(70.7)
Lymph node metastasis[n(%) ] 3.250 0.071
Present 10(20.8) 7(9.3)
Absent 38(79.2) 68(90.7)
FIGO stage[n(%) ] 4.534 0.033
[-1 35(72.9) 66(88.0)
-1V 13(27.1) 9(12.0)

O AL FE R 9 5 Ah B T P286R (5 1) L S297F
(LB, 513 540 E T VALIL@ 6] 55 14 54 &
T-S459F (1 D oMb, Rl e KB T 1595
HMETS297Y T WA 5o (HASE R, 2447
1E 2 5 [ B B A POLE #4 5 58748 (3329 VA111) # p53
F AR PR FHRFE IR B . FAR IR 4 L
x4,

dMMR %! : 31 ] JMMR %! EC 1, L MLH1 5
PMS2 H 6 2k 2 3 (11 41, 35.5% ) , At 4% 3 A 46
MSH2 5 MSH6 3 ik 2% 2 4] , MSH2 H b ik 2% 3 441,
MLH1.PSM2 A1 MSH2 $L 2k 1 51 55 . #E % H ik
RIS ) [F I E AT AMMR Al pS3 5% 235 1“0 45
THRFAE” i 1, Ho i 245 B 2 MLH1 A PSM2 [ B
Bhoe, 312K 9 MSI-H B . kA, % 4 1
MLH1 a2 6k 2% (55 4 th A7 75 MLH 1 2& R 5 3l
X HEEAL, NEUR M EC(JE Lynch Z5 G AEAH G EC) .

p53abn %4 : 13 4] p53abn 4 EC 1, 7 14T TP53 %

%®4 ECEHEEPOLERTHZH
Table 4 Classification of POLE mutations in EC patients

Amino acid Number of

Exon  Nucleotide change
change cases(n)
857C>G P286R 5
890C>T S297F 1
890C>A S297Y 1
13 1231G>T V411L 2
13 1231G>C V411L 2
14 1376C>T S459F 1

DR 4= A0 TR, 285 SR R R AR AT 53 B T 4.5
6.7 FAME T BARRAA SE BTENES.
25 IESInsER

% B 10 471 BE A 22 NGS k&3l /) EC BEAS, R
IHC BX& Sanger Wl 7 1#E47 [ PRI o 10 4914 4% 6k 25
POLEmut %4 (4 1) . dMMR % (2 f51] ) . NSMP #4 (2 51 )
J p53abn AL (2 1) 4 Fift 3 225310 AY , FE e A [R] 53
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Table5 Classification of TP53 mutation sites in EC patients

W5 9> . SRR - DFE POLE 2 [K 5848 U5
11, NGS 5 Sanger #ll 7 45 ' — 3. @NGS 3 & 15

Fxon  Nucleotide change AI:}I::; aecid 1‘2;:;1;2 3f TPAEVRA (MSUMSS) 5 THC P4 1) MMR 2 1 & ik
; oacaT e £ 1 R (BRERO SR —FL. @ETP5‘3/1053 ﬁ‘{)ﬂ\‘UEP,
s 384dup A199CH*20 ) IHC 5 NGS é%%ﬁ?f11ﬁﬂﬁi*§5l,i@7'ﬂ NGS i £
s 305A5C KI39R ) TP53 3K AL IHC AR 2R p53 A 57 &8 . 1
6 SSITSG L194R 1 ARENG UL WA 6.

7 733G>A (2458 1 3 i ®
7 734G>T G245V 1
7 T43G>A R248Q ! TCCA ST ZAHFHAR, HUFRIECH T/
F6 ZENGSKNE 106 ECHAENRERFILR
Table 6 Retested mutation findings in 10 EC samples detected by NGS

Age FIGO ~ Tumor  Molecular ~ POLE status MMR protein ~ Microsatellite

(yeirs) Histologic type stage grade subtype (Sanger) expressifn(IHC) status(NGS) pS3(HC) TPS3(NGS)
52 Endometrioid carcinoma I Low-grade POLEmut Exon 13 mutation  Intact MSS Wild-type  No mutation
60  Endometrioid carcinoma I High-grade POLEmut Exon 9 mutation Intact MSS Wild-type No mutation
56 Endometrioid carcinoma I Low-grade POLEmut Exon 13 mutation  Intact MSS Wild-type No mutation
56 Endometrioid carcinoma Il Low-grade POLEmut Exon 13 mutation  Intact MSS Wild-type No mutation
62 Endometrioid carcinoma I Low-grade dMMR Not detected PMS2(-) MSI-H Wild-type No mutation

MLH1(-)
60  Endometrioid carcinoma Il Low-grade dMMR Not detected PMS2(-) MSI-H Wild-type No mutation
MLH1(-)
59 Undifferentiated carcinoma I~ High-grade NSMP Not detected Intact MSS Wild-type No mutation
45 Endometrioid carcinoma I Low-grade NSMP Not detected Intact MSS Wild-type No mutation
46 Endometrioid carcinoma I Low-grade p53abn  Not detected Intact MSS Wild-type Mutation
72 Serous carcinoma Il High-grade p53abn  Not detected Intact MSS Mutant Mutation

B85, WHO T 2020 £ I 30HR H 4 A4S 5 TG AH Y
5 FAL, 53 54 POLE mut 5. dMMR %!\ NSMP %,
p53abn &, HrH, POLEmut & il J5 % 4> p5S3abn 24 il
JatZE" e TCGA 73 173 B $2 R Ah T A& G 2
O AN KL, He s SRR S TS 1 R A O
JEILH T il (1) B TS

FEXT 5153 BRI 773 1) S s B FH 5 THC Bk
% Sanger I F7> 5 NGS 2 e It 2% B (41l R 2 FH
5 RRM. THCECA Sanger P 7 AE IR R 5 F G
SR [p Rr RSk Y (TR U UNG W NI ECHTESE S
WAL H 5 6 Head F T 45 5 = DR A AR RS T A
SR 12 7 ¥ e U0 A PR, o DA 2 R B0 2 75
K, HAGIN G5 3R 5y 52 32 AL APy e v S R 3
s, M2 R, NGS B 5E A TR iE & I
I 7 A BANL R UI PP AR S e % 5] s A
MMR = [K 28 5 - MSTAR 25 AR G T 245 Bl ], AT S
MSIHRA 5 TMB BB PG, D9l R 2T i SR it
AR 5§ B . SR, NGS HARAE 5 bRl R S

M AIAEAE A T OBV BR ], B = g — i &
32 A 1 3 A PH A 9 2 XU A e 2 (1) TR
A/ AN =R E R (S D WS K= == N i
RIPEA R FH AR

AT FE LG N 123 45 EC REAS, Hrh 48 441 K ]
Sanger Wl /77, ar 1491 R A%, 75 451 38 1 NGS F il ,
11 548, A H A POLE 2 R 5848 K 4 9.7%
(12/123), 5 CHR#IE (1) POLEmut 24 EC /5 bE (7%~
10%) — 5" . REAEF 5T 2 8 80N POLE & A 1)
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