2014 B 475 R K224, 2026, 48(14) http : //aammt. tmmu. edu. cn

W - I & R A

ERMERFBERTFHALRBEAREFERRESE MR B/ K ARZRFERE
AEBEEF S A EEZHHE

AR R EA, BALR, B B T, R WEEERECEEEERF) S HRER AR, B

(HZE] HR 2 &R (recurrent spontaneous abortion, RSA ) K 52 4%, I iG Ye (0 /K S5 2 8
B ZE . ARG RSA B8 WG e LR S5 RRAE | EL BN [R1s DR 2 50 R] 190 S 5 A B 25 5, I o A B4R I
PR IR 2 5 A ) e o fR S 2 AU 9 56 R, R L 7= 412X (products of conception, POC)$5 D1 #0748 5 /v
(copy number variation sequencing, CNV-seq) #ATRGI . J578 SR BIBUHE BR ST AFSY 38 3 Bl A 5
HEBRFRUE G2 — 5 B 0P AL AR 58— CNV-seq Al B 5 FI bR v R I PRAS LA IS G140 i
IR SE i . 99 A 2021 4F 1 H 2 2024 4F 12 J #E i 4242 B2 R 27 55 — B I 1< B 10 7= R a2 91 52 1 poC
CNV-seq ) RSA 55 534 5, 3t 629 W AR R = A . AR 22 85 DRI = P 45 SR 43S B4/ 101 PR 3R T fie e
2 KM 7 (maternal/parental factor-explained recurrent spontaneous abortion , MPF-eRSA ) 2 Al 4/5¢ 1
IR & R i B 2 & 1 3 7 (maternal/parental factor-unexplained recurrent spontaneous abortion, MPF-uRSA )
o 2 MR RGYL R S8 25 57, IR FH IR & 8500 Logistic [MAREHY S3 B BEARAE RS (22 J8 3 IR
B 322007 AR XU PR R 5 AN R Y o (A S i SR 2 [R] Y SR B o iE— 25 X RSA MH SE 20 i CNV 3 25
FLH AT GO/KEGG HIfe & 48 70 M, JF 0 146 5 e 1 B PRI 4T qRT-PCR WAL ik . &5 629 17 POC
P AR Aer 1 g g i S 321 ], Kt 320 51, 0%, Hh DL KB H i 3, 5 S HEAR Y 75. 1%,
FAIR R BT BN, MPF-uRSA 41 HE 2 A5 K K 80— = (K H 1] 755 T MPF-eRSA 41 (P<0. 001) , 1fij % & 1 7E
MPF-eRSA #H 1 Fe 575 (P=0. 015) o IR-A RV Logistic [B U734 @R , MPF-eRSA ZH SR Y o 1A S0 %
Az KU IS T MPF-uRSA 2H (OR=0. 41,95%CI: 0. 21~0. 82, P=0. 011 ) ; BRAAE#E 5 MK e (044 5% (OR=
1.48,95%CI:1.22~1. 80,P<0. 001) AF#&AHA(OR=1. 44,95%CI: 1. 17~1. 77,P<0. 001) S Bi— =1k (OR=
1.55,95%CI: 1. 20~2. 00, P<0. 001) & £ AU B 52 1E AH & . MPF-eRSA 41 JE £ £% & (OR=0. 24, 95%ClI :
0. 11~0. 51,P<0.001) K B— =K (OR=0. 14,95%CI: 0. 05~0. 36, P<0. 001 ) % 4= XU 41 T MPF-uRSA
o BEOR PS40 PR 25 P — = A e A VRS T A & (OR=2. 87,95%CI - 1. 19~6. 90, P=0. 018) , B {A 35k
R 58— =1K(OR=3.75,95%CI : 1. 20~11. 69, P=0. 023) }2 pCNV (OR=9.91,95%CI : 2. 87~34. 21,
P<0.001) & HE RS TH i AH G . GO/KEGG HIRE & 48 70 A1 {78 , RSA AHOCEUR M CNV A 1 Bk F 32 2598 e
DNA #1652 AN AN E AR S M RAEA Cid FE . qRT-PCR 253 /R, S5 %5 BRZH A0 [ , RSA 41 RAD21 .
LIG4 J2 COLAA1 Feik /KF-FEAIG, 11 CTSB J GSDMD ik /K-F- T (P<0. 05) . &5 RSA 4 POC Yt
TS LI E S8 o8 32, R TRD [R50 0 1) S5 4 A AE 25 55, e MPF-uRSA DUARBEAS AR T 5 oy 2
FRIE . BEAAE IS JEIONG Gy A S8 i BB R 3, F 2 SRRSO AR XU A G . POC it % 27 Aar T
S5 5 R A A BT 98 35 RSA R R TEAS XU 20 J2 Bt RS 2

(SR ] RN s 5 DUBUE Sl 5 Je i i s AR A 4 s 48 DL 5

(hEESZES] RI81.33;R363. 1;R714.21 [ XEkERERD] A

[(E&TIR] WKl A RRHEIAE 135 H (CSTB2022NSCQ-MSX0169)
[BE51E&] T J}, E-mail: wangdan@mmu. edu. cn

2097-0927/Copyright © 2026, FfiA=420 K2 (5 = 4B R%) o IR IFHORICCHE G CC BY #77] P (https: //ereativecommons. org/licenses/by/4. 0/)
SIS BRI, WOCES B LA, 45 . A2 S i ™ JE 8 Y7 L 2 e (O MR S AR A R DR 2 2R G S5« A/ R3] D9 A i e S AR S AT A T Dy 2
FRAELT]. BEA 42 K224, 2026,48(14) :2014-2024. DOT: 10. 16016/). 2097-0927. 202602070.

Citation: XIONG Y Q, TAN M L, DAI L M, et al. Chromosomal abnormality profiles in abortion tissues from patients with recurrent pregnancy loss vary by
etiological subtype: unexplained cases show a higher risk of aneuploidy [J]. J Army Med Univ, 2026, 48 (14) : 2014-2024. DOI: 10. 16016/j. 2097-
0927. 202602070.



http : //aammt. tmmu. edu. cn Bl 7225 155 R 4R, 2026, 48(14) 2015

Chromosomal abnormality profiles in abortion tissues from patients with recurrent
pregnancy loss vary by etiological subtype: unexplained cases show a higher risk of

aneuploidy
XIONG Yiqing, TAN Meiling, DAI Limeng, YAN Ping, YANG Jie, WANG Dan Department of Obstetrics and
Gynecology, First Affiliated Hospital, Army Medical University (Third Military Medical University), Chongqing, China

[ Abstract] Objective The etiology of recurrent spontaneous abortion (RSA) is complex, with
embryonic chromosomal abnormalities representing a major contributing factor. This study aims to
characterize the embryonic chromosomal abnormalities products of conception (POC) from RSA patients,
compare the composition of abnormalities across various etiological subtypes, and analyze the association
between maternal clinical factors and different types of chromosomal abnormalities. Methods A
retrospective cohort study was conducted with predefined inclusion and exclusion criteria, a unified etiological
evaluation protocol, standardized copy number variation sequencing (CNV-seq) and abnormality interpretation
criteria, and systematic clinical variable extraction and statistical analysis to ensure quality control. A total of
534 RSA patients involving 629 pregnancy events who underwent POC CNV-seq in our hospital between
January 2021 and December 2024 were recruited. According to systematic etiological evaluation, the patients
were classified into a maternal/parental factor-explained recurrent spontaneous abortion (MPF-eRSA) group
and a maternal/parental factor-unexplained recurrent spontaneous abortion (MPF-uRSA) group. The
distribution of embryonic chromosomal abnormalities was compared between the 2 groups. Mixed-effects
logistic regression models were used to evaluate the associations of maternal age, gestational age, number of
previous miscarriages, mode of conception, and maternal risk factors with different types of chromosomal
abnormalities. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
analyses were further performed on genes covered by RSA-related pathogenic CNVs (PCNVs), and the selected
candidate genes were preliminarily validated by qRT-PCR. Results Among the 629 POC samples,
chromosomal abnormalities were detected in 321 cases, with an overall detection rate of 51. 0%. Numerical
abnormalities were the predominant type, accounting for 75. 1% of abnormal cases. Univariate analysis
showed that the MPF-uRSA group had higher proportions of aneuploidy and single trisomy than the MPF-
eRSA group (P<0. 001), whereas mosaicism was more frequent in the MPF-eRSA group (P=0. 015). Mixed-
effects logistic regression analysis revealed a lower risk of overall chromosomal abnormalities in the MPF-
eRSA group than the MPF-uRSA group (OR=0.41, 95%CI: 0.21 to 0.82, P=0.011). Maternal age was
positively associated with the risk of overall chromosomal abnormalities (OR=1. 48, 95%CI: 1. 22 to 1. 80, P<
0. 001), aneuploidy (OR=1. 44, 95%CI: 1. 17 to 1. 77, P<0. 001), and single trisomy (OR=1. 55, 95%CI: 1. 20
to 2. 00, P<0.001). The risks of aneuploidy (OR=0. 24, 95%CI: 0. 11 to 0. 51, P<0. 001) and single trisomy
(OR=0. 14, 95%CI: 0. 05 to 0. 36, P<0. 001) were significantly lower in the MPF-eRSA group than the MPF-
uRSA group. Maternal endocrine factors were associated with an increased risk of single trisomy (OR=2. 87,
95%ClI: 1. 19 to 6. 90, P=0. 018), while maternal genetic factors were associated with increased risks of single
trisomy (OR=3.75, 95%CI: 1.20 to 11. 69, P=0.023) and PCNVs (OR=9.91, 95%CI: 2. 87 1o 34.21, P<
0.001). GO/KEGG enrichment analyses showed that the genes covered by RSA-related PCNVs were mainly
involved in DNA damage repair, extracellular matrix homeostasis, and inflammation-related processes. qRT-
PCR showed that RAD21, LIG4, and COL4A1 were downregulated, whereas CTSB and GSDMD were
upregulated in the RSA group compared with the control group(P<0.05). Conclusion Embryonic
chromosomal abnormalities in POC from RSA patients are predominantly numerical abnormalities, and their

distribution differs across etiological subtypes. Aneuploidy is more common in MPF-uRSA patients. Maternal
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age is an important influencing factor for embryonic chromosomal abnormalities, mainly associated with the

risk of aneuploidy. POC genetic testing combined with etiological classification may help improve etiological

evaluation, risk stratification, and clinical management of RSA.
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Table 1 Primer sequences for gPCR

Genes Primer sequences (5’ —3")

Forward 5'-TCATGGTCTTCAGCGTGCTC-3’
RAD21

Reverse 5'-ACTTTGCGGCAGCTTGTTTT-3'
L1c4 Forward 5'-GGCTTGACGTCAGGAAACCA-3’

Reverse 5'-TCTCGTTTAACTGGCCTCGG-3’

Forward 5'-TGCGGCTCAAAGGTGACAAA-3'
COL4A1

Reverse 5'-TTCAATCCTACAGAACCCGGC-3’
cTSB Forward 5'-CAGCGCTGGGTGGATCT-3'

Reverse 5'-AGTTGACCAGCTCATCCGAC-3’

Forward 5'"-CAGTTTCACTTTTAGCTCTGGGC-3"
GSDMD

Reverse 5'-CCCATGCTCCGTGACCG-3’
GAPDH Forward 5'-TGACTTCAACAGCGACACCCA-3'

Reverse 5'-CACCCTGTTGCTGTAGCCAAA-3’
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Table 2 Baseline clinical characteristics of pregnancy events in the MPF-eRSA and MPF-uRSA groups [n(%), x+s]

Clinical characteristic MPF-eRSA group (n=261) MPF-uRSA group (n=368) P

Maternal age/years 31.6x4.5 31.7+4.5 0. 890
Gestational age at miscarriage/weeks 9.3+3.1 9.8+2.9 0.076
Gravidity 3.3x1.6 3.3+1.3 0.814
Parity 0.3+0.5 0.4+0.5 0. 100
Number of previous miscarriages 2.5+1.1 2.5+0.8 >0. 900
Mode of conception 0.200

Assisted reproduction 73 (27.97) 79 (21.47)

Natural conception 188 (72.03) 289 (78.53)
Chromosomal abnormality 0.258

Negative 135 (51.72) 173 (47.01)

Positive 126 (48.28) 195 (52.99)

&3 MPF-eRSA A5 MPF-uRSA A AR E R EAH S LL K
Table 3 Frequency distribution of chromosomal abnormality types in the MPF-eRSA and MPF-uRSA groups

Aneuploidy
Gr ] ] . Complex Mosaicis Triploidy Copy number
Zroup Single Multiple Sex chromosome Total abnormality osaicism riploidy variation
trisomy trisomies monosomy
MPF-uRSA group 125 10 18 153 5 11 13 13
MPF-eRSA group 47" 7 11 65" 5 17 10 29*

a: P<0.001, compared with the MPF-uRSA group
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Table 4 Multivariable regression analysis of factors

associated with chromosomal abnormality subtypes

Variable OR 95%C1 P

Overall chromosomal abnormality

Age 1.48 1.22—1.80  <0.001

Group, reference: MPF-uRSA 0.41 0.21—0.82 0.011

Natural conception 2.47 1.55—3.94  <0.001

Genetic factor 5.80 2.39—14.07 <0.001
Aneuploidy

Age 1.44 1.17—1.77  <0.001

Group, reference: MPF-uRSA 0.24 0.11-0.51 <0. 001

Genetic factor 2.52 1.02—6.27 0. 046
Single trisomy

Age 1.55 1.20—2.00  <0.001

Group, reference: MPF-uRSA 0.14 0.05—0.36 <0. 001

Genetic factor 3.75 1.20—11.69  0.023

Endocrine factor 2.87 1.19—6.90 0.018

Multiple trisomies

Age 1.83 1.20—2.78 0. 005

Natural conception 4.89 1.00—23.80  0.049"
Triploidy

Natural conception 5.15 1.10—24.01 0.037°
pCNV

Endocrine factor 3.40 1.04—11.06  0.042

Genetic factor 9.91 2.87—34.21
.50—20. 30 0.010

<0. 001

—

Anatomical factor 5.52

Complex abnormality

Age 2.27 1.32-3.92 0. 003"
Anatomical factor 6.22 1.18—32.80  0.031"
Mosaicism

Group, reference : MPF-uRSA 3.24 0.99—10.58 0.052

a: The corresponding subtypes had relatively small sample sizes
and wide confidence intervals, indicating limited stability of the
estimates. These results should therefore be interpreted with

caution
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Figure 3 Functional enrichment analysis and qRT-PCR validation of RSA-related CNV candidate genes
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