
目 次

第 46 卷    第 4 期     2026 年 4 月 25 日出版

中华生殖与避孕杂志
®

原刊名 《生殖与避孕》

CHINESE JOURNAL OF REPRODUCTION AND CONTRACEPTION
月刊    1980 年 12 月创刊

医学人文

以创新之实 应时代之需………………………………………………封二

乔杰

规范与标准

畸形精子症实验室检测临床实践指南（2026版） ……………………401
中国医师协会生殖医学专业委员会生殖男科学组 

述 评

生殖免疫学的发展与思考………………………………………………414
刁梁辉 姚元庆 

生殖免疫专栏

妊娠早期母胎界面的免疫代谢调控机制研究进展……………………419
候萍萍 杨靓靓 姚军 蒋祥祥 

母胎界面免疫细胞异常在不明原因反复种植失败中的

作用机制及靶向治疗研究进展………………………………………427
熊俞婧 苏筱筱 王晓红 

蜕膜巨噬细胞在复发性自然流产中的代谢调控机制

及临床干预策略………………………………………………………436
张怡君 李汶轩 饶晗钰 徐向红 金莉萍 

子宫蜕膜自然杀伤细胞调控免疫微环境参与妊娠相关

疾病发生的研究进展…………………………………………………444
侯宪萍 倪天翔 颜军昊 

系统性红斑狼疮对女性卵巢功能的影响………………………………453
肖艳菲 张艳 谭懿玲 李玉叶 

内膜菌群在子宫衰老中的作用与研究进展……………………………462
曾中虹 于洋 潘恒 

宫腔粘连防治中隔离屏障的应用研究进展及其免疫

调控机制………………………………………………………………468
娄芊芊 吴兵兵 徐键 

睾丸巨噬细胞在睾丸炎症转归与纤维化进程中的作用

机制及临床意义………………………………………………………476
张艺铭 周振宇 金振雨 王明 

主 管
 中国科学技术协会

主 办
 中华医学会

上海市生物医药技术研究院
复旦大学附属妇产科医院

编 辑
    中华生殖与避孕杂志
    编辑委员会
     200237,上海市老沪闵路 779 号

     电话：(021)64438169
传真：(021)64438975
Email：randc@sibpt.cn
http://zhszybyzz.yiigle.com

总编辑
 乔 杰

编辑部主任
 王 健

出     版
 《中华医学杂志》社有限责任公司
 100710，北京市东四西大街 42 号

 电话(传真)：(010)51322059
 Email：office@cmaph.org
印 刷
    上海界龙中报印务有限公司

发 行
    范围：公开
    国内：中国邮政集团公司

上海分公司
    国外：中国国际图书贸易集团
              责任有限公司
                   (北京 399 信箱，100048)
                   代号 BM 389
订 购
    全国各地邮政局
    邮发代号 4⁃928
邮 购

中华生殖与避孕杂志编辑部
200237，上海市老沪闵路 779 号

电话：(021)64438169，64438975

Email：randc@sibpt.cn

定    价
    每期 35.00 元，全年 420.00 元

中国标准连续出版物号
      ISSN 2096-2916
       CN 10-1441/R
2026 年版权归主办者所有
未 经 授 权 ，不 得 转 载 、摘 编 本 刊
文章，不得使用本刊的版式设计

除 非 特 别 声 明 ，本 刊 刊 出 的 所 有
文章 不 代 表 中 华 医 学 会 和 本 刊
编委会的观点

本刊如有印装质量问题，请向本刊
编辑部调换

官方微信



临床报道

PPOS与GnRH拮抗剂方案在PGT-A周期助孕结局的比较 …………………………………………………484
闫一璇 郑威 俎若雯 杨宸 胡曼玉 杨悦 王梦齐 
韩静宜 申冉 李培鑫 王婧彦 管一春 

综 述

输卵管间质部妊娠的诊疗与生育力保护：焦点与进展………………………………………………………491
杜明珠 刘薇 

针刺治疗卵巢储备功能下降的多靶点机制概述 ……………………………………………………………496
姜欣雨 窦真 李子桢 曾慧芳 夏天 

《中华生殖与避孕杂志》稿约 ………………………………………………………………………………… 封三

本期责任编委 刁梁辉　　　本期责任编辑 孙敏　　　本期责任排版 年丽红

《中华生殖与避孕杂志》 第三届通讯编辑委员会成员名单
（按姓氏汉语拼音排序）

安　庚*

高明霞*

李竞宇*

梅　洁*

吴琰婷

袁　冬*

郑备红

曹　彬

龚　衍

李明清

沈　健

夏　天

张　丹*

周　梁

陈向锋*

顾　艳*

李卫华

孙宁霞

肖卓妮

张红国

刁飞扬*

贺小进*

李　昕

汤小晗

熊正方*

张建瑞*

刁梁辉

胡琳莉

李友筑

田莉峰

严　杰

张少娣*

杜　晶

胡　蓉

刘　珏

王慧萍

杨　硕

张　颖*

方　丛

江　静

陆思嘉*

王媛媛*

杨一华*

章志国*

高敏芝

李　达*

茅倬彦*

魏代敏

尹太郎

赵晓苗*

注：*示新任通讯编委



CONTENTS IN BRIEF

CHINESE JOURNAL OF REPRODUCTION AND

CONTRACEPTION   (Original title: Reproduction and Contraception)

Monthly         Established   in  December 1980          Volume 46, Number 4         April 25, 2026

Standards and Specifications

Clinical practice guideline for laboratory testing of teratozoospermia (2026) …401
Reproductive Andrology Group, Reproductive Medicine Professional 

Committee of Chinese Medical Doctor Association 

Editorial

Reproductive immunology: where we stand and where we are heading ………414
Diao Lianghui, Yao Yuanqing 

Reproductive Immunology Column

Progress in immunometabolic regulation mechanisms at the 
maternal-fetal interface during early pregnancy ………………………………419
Hou Pingping, Yang Liangliang, Yao Jun, Jiang Xiangxiang 

Role of immune cell abnormalities at the maternal-fetal interface in 
unexplained recurrent implantation failure and progress 
in targeted therapy ………………………………………………………………427
Xiong Yujing, Su Xiaoxiao, Wang Xiaohong 

Metabolic regulation mechanisms of decidual macrophages in recurrent 
spontaneous abortion and clinical intervention strategies ……………………436
Zhang Yijun, Li Wenxuan, Rao Hanyu, Xu Xianghong, Jin Liping 

Research progress on the regulation of immune microenvironment by 
uterine decidual natural killer cells and their involvement 
in the occurrence of pregnancy-related diseases ………………………………444
Hou Xianping, Ni Tianxiang, Yan Junhao 

Impact of systemic lupus erythematosus on ovarian function in females ………453
Xiao Yanfei, Zhang Yan, Tan Yiling, Li Yuye 

Role of endometrial microbiota in uterine aging: current research 
and advances………………………………………………………………………462
Zeng Zhonghong, Yu Yang, Pan Heng 

Research progress on the application of isolation barriers in the 
prevention and treatment of intrauterine adhesions 
and their immunoregulatory mechanisms………………………………………468
Lou Qianqian, Wu Bingbing, Xu Jian 

Role of testicular macrophages in the resolution of testicular inflammation 
and fibrosis: mechanisms and clinical implications ……………………………476
Zhang Yiming, Zhou Zhenyu, Jin Zhenyu, Wang Ming 

Responsible Institution
China Association for Science
and Technology

Sponsor
Chinese Medical Association,
Shanghai Institute for Biomedical 
and Pharmaceutical Technologies,
Obstetrics and Gynecology Hospital 
of Fudan University

Editing
Editorial Board of Chinese Journal of
Reproduction and Contraception
779 Laohumin Road, Shanghai 200237, China
Tel: 0086-21-64438169
Fax: 0086-21-64438975 
Email: randc@sibpt.cn    
http://zhszybyzz.yiigle.com      

Editor-in-Chief
Qiao Jie

Managing Director
Wang Jian

Publishing
Chinese Medical Journals
Publishing House Co., Ltd.
42 Dongsi Xidajie, Beijing 100710, China
Tel(Fax): 0086-10-51322059
Email: office@cmaph.org

Printing
Shanghai Jielong Zhongbao Printing 
Co., Ltd

Overseas Distributor
China International Book 
Trading Corporation 
P.O. Box 399, Beijing 100048, China
Code No.M389

Mail-Order
Editorial Board of Chinese Journal of
Reproduction and Contraception
779 Laohumin Road, Shanghai 200237, China
Tel: 0086-21-64438169
Fax: 0086-21-64438975    
Email: randc@sibpt.cn

CSSN
ISSN 2096-2916

CN 10-1441/R

Copyright © 2026 by the all sponsors

No content published by the journals of 
Chinese Medical Association may be 
reproduced or abridged without authorization. 
Please do not use or copy the layout and 
design of the journals without permission.

All articles published represent the opinions of 
the authors, and do not reflect the official policy 
of the Chinese Medical Association or the 
Editorial Board, unless this is clearly specified.



Clinical Report

Comparison of assisted reproductive outcomes between PPOS and 
GnRH antagonist protocols in PGT-A cycles…………………………………………………………………………………484
Yan Yixuan, Zheng Wei, Zu Ruowen, Yang Chen, Hu Manyu, Yang Yue, Wang Mengqi, Han Jingyi, 

Shen Ran, Li Peixin, Wang Jingyan, Guan Yichun 

Reviews

Diagnosis, treatment and fertility preservation in interstitial ectopic pregnancy: focus and progress ……………………491
Du Mingzhu, Liu Wei 

An overview of the multi-target mechanisms of acupuncture in treating diminished ovarian reserve ……………………496
Jiang Xinyu, Dou Zhen, Li Zizhen, Zeng Huifang, Xia Tian 

《中华生殖与避孕杂志》第三届编辑委员会成员名单
（按姓氏汉语拼音排序）

顾　问

总编辑

副总编辑

编辑委员(含总编辑、副总编辑)

金　帆

乔　杰

曹云霞

刘欣燕

曹云霞

陈子江

顾向应

黄国宁

腊晓琳

李　文*

刘见桥

吕祁峰

千日成 *

商　微*

孙海翔

滕晓明

王晓晔

谢　熙

杨　华

张爱军

张训铭*

邹　燕

李大金

陈子江

王　健

车　焱*

程蔚蔚

管一春*

黄荷凤

李红钢*

李　铮

刘　平

马晓玲*

乔　宠

商学军

孙晓溪

王海滨

王雁玲

徐丛剑

杨　菁

张翠莲

张云山

熊承良

黄国宁

徐丛剑

陈　华

丛亚丽

郭艺红*

黄　薇

李劲松

连　方

刘睿智

冒韵东

乔　杰

师娟子

孙莹璞

王　健

韦相才

徐艳文*

杨　蕊*

张　华

赵爱民*

朱伟杰

黄荷凤

陈　慧*

杜美蓉*

郝桂敏

金　丽

李柳铭

林　戈

刘欣燕

苗茂华

秦莹莹*

史庆华

孙　贇

王建梅

伍琼芳

颜桂军*

姚晓英

张宁媛*

赵扬玉

李劲松

陈秀娟

范立青

何　畏

金莉萍*

李　蓉

凌秀凤*

刘雁峰

倪亚莉

全　松

石玉华

谭季春*

王　琼

武学清

颜军昊

姚元庆

张松英

周毓青

李　蓉

陈智勤*

范　勇*

洪　锴*

匡延平

李润生

刘嘉茵

卢美松

欧建平

阮祥燕

舒　静

唐运革*

王树玉

武　泽

杨冬梓

余丽梅

张　炜

朱依敏*

注：*为新任编委



·规范与标准·

DOI：10.3760/cma.j.cn101441-20251212-00476

收稿日期 2025-12-12 本文编辑 王李艳

引用本文：引用格式:中国医师协会生殖医学专业委员会生殖男科学组. 畸形精子症实验室检测临床实践指

南 （ 2026 版 ） [J]. 中 华 生 殖 与 避 孕 杂 志 , 2026, 46(4): 401-413. DOI:

10.3760/cma.j.cn101441-20251212-00476.

畸形精子症实验室检测临床实践指
南（2026 版）

中国医师协会生殖医学专业委员会生殖男科学组
通信作者：贺小进，上海交通大学医学院附属第一人民医院生殖医学中
心，上海 200025，Email：hxj0117@126.com；熊承良，华中科技大学
同济医学院生殖医学中心，武汉 430030，Email：clxiong951@sina.com；
尹太郎，武汉大学人民医院生殖医学中心，武汉 430030，Email：
reproductive@whu.edu.cn

【摘要】 在中国，约有 18%的夫妇受不孕不育问题困扰，其中男性因素不孕

比例为 40%~50%。男性不育的致病因素复杂多样，其中精子质量异常是主要原因之

一。畸形精子症作为男性不育的重要病因，其诊断依赖于实验室对精子形态的精准

评估。目前，畸形精子症的诊断面临诸多挑战，包括临床认知有待提升、诊断标准

与检测方法不统一、实验室技术人员专业水平存在差异且结果判读主观性较强、诊

断流程尚未形成标准化体系、病因学检测不足、报告解读缺乏统一指引以及实验室

与临床沟通协作不畅等问题。鉴于此，中国医师协会生殖医学专业委员会生殖男科

学组牵头，组织多学科、多中心专家参与，基于循证证据共同制定了本指南。本指

南遵循国际、国内指南制定与报告规范，旨在为畸形精子症实验室检测及临床实践

提供推荐意见。

【关键词】 不育，男性； 畸形精子症； 实验室诊断； 辅助生殖； 指

南

基金项目：国家重点研发计划（2023YFC2705504、2024YFC2706900）；湖北省

重点研发计划（2025BCB016）；福建省科技计划（2023D017）

实践指南注册：国际实践指南注册与透明化平台（PREPARE-2025CN1019）

Clinical practice guideline for laboratory testing of teratozoospermia (2026)

Reproductive Andrology Group, Reproductive Medicine Professional Committee of

Chinese Medical Doctor Association

Corresponding authors: He Xiaojin, Center for Reproductive Medicine, Shanghai

General Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200025,

China, Email: hxj0117@126.com; Xiong Chengliang, Reproductive Medicine Center,

Tongji Medical College, Huazhong University of Science and Technology, Wuhan



430030, China, Email: clxiong951@sina.com; Yin Tailang, Reproductive Medicine

Center, Renmin Hospital of Wuhan University, Wuhan 430030, China,

Email: reproductive@whu.edu.cn

【 Abstract 】 Approximately 18% of couples in China are affected by

infertility, of which the male factor accounts for approximately 40%-50%.

Numerous factors contribute to male infertility, among which abnormal sperm

quality is the primary one. Teratozoospermia is a predominant cause of male

infertility, and its diagnosis relies on precise laboratory evaluation of sperm

morphology. Currently, the diagnosis of teratozoospermia faces several challenges,

including insufficient clinical awareness, inconsistent diagnostic criteria and

methods, variability in technical proficiency among laboratory personnel coupled

with subjective interpretation of results, lack of standardized diagnostic processes,

inadequate etiological testing, absence of uniform guidelines for report

interpretation, and poor coordination between laboratories and clinical

departments. In light of this, the Reproductive Andrology Group of the

Reproductive Medicine Professional Committee of Chinese Medical Doctor

Association has initiated the development of this guideline, incorporating

multidisciplinary and multicentre experts, following evidence-based methodology.

This guideline adheres to the existing international and domestic guideline

development and reporting standards, providing recommendations for laboratory

testing and clinical practice regarding teratozoospermia.

【Key words】 Infertility, male; Teratozoospermia; Laboratory diagnosis;

Assisted reproduction; Guideline

Fund program: National Key Research and Development Program of China

(2023YFC2705504, 2024YFC2706900); Key Research & Development Program of

Hubei Province (2025BCB016); Fujian Science and Technology Plan Project

(2023D017)

Practice guideline registration: Practice Guideline Registration for

Transparency (PREPARE-2025CN1019)

·述评·

DOI：10.3760/cma.j.cn101441-20260307-00098

收稿日期 2026-03-07 本文编辑 孙敏

引用本文：刁梁辉, 姚元庆. 生殖免疫学的发展与思考[J]. 中华生殖与避孕杂志, 2026, 46(4): 414-418.

DOI: 10.3760/cma.j.cn101441-20260307-00098.

生殖免疫学的发展与思考

刁梁辉 1 姚元庆 2



1 深圳中山妇产医院生殖医学临床研究中心 深圳市围着床期生殖免疫
重点实验室 深圳中山生殖与遗传研究所，深圳 518045；2 中国人民
解放军总医院妇产科，北京 100853

通信作者：姚元庆，Email：yqyao@126.com

【摘要】 生殖免疫学自 1953 年 Medawar 提出“妊娠免疫学悖论”以来，经

历了从经典免疫假说到循证医学转型的发展历程。早期的保护性抗体假说和辅助性

T 细胞（helper T cell，Th）1/Th2 范式推动了免疫治疗在生殖医学中的广泛应用，

但由于缺乏高质量随机对照试验（randomized controlled trial，RCT）证据，经

验性免疫治疗的有效性受到持续质疑。大规模 RCT 进一步表明，泼尼松在反复种植

失败患者中未能改善活产率，凸显了“全身免疫抑制”策略应对“局部免疫调控”

需求的根本性局限。与此同时，技术进步为深入解析相关机制提供了新的研究手段

与机遇。近三年来，该领域在四个方向取得了重要进展：①母胎界面的空间多组学

解析，包括早孕期时空图谱构建、CCR8 阳性蜕膜调节性 T 细胞（regulatory T cell，

Treg）亚群的鉴定等；②免疫代谢与母胎耐受，揭示了 CD36 介导的脂质代谢通路

在流产发病中的作用；③训练免疫与表观遗传调控，“妊娠训练型蜕膜自然杀伤细

胞”被证实具有增强的抗感染保护功能；④微嵌合体与妊娠免疫记忆，发现胎儿微

嵌合细胞在多次妊娠间的替换规律及其与 Treg 维持的关联。在临床规范层面，国

内外指南与共识体系也在同步演进，为基础发现向临床转化提供了循证依据。本文

系统梳理了生殖免疫学的发展脉络、当前面临的转化困境以及前沿研究方向，并就

精准免疫干预策略的未来路径进行了讨论。

【关键词】 生殖免疫学； 母胎界面； 免疫耐受； 免疫代谢； 反复妊

娠丢失； 反复种植失败

基金项目：国家自然科学基金（82371684）

Reproductive immunology: where we stand and where we are heading

Diao Lianghui1, Yao Yuanqing2

1 Shenzhen Key Laboratory of Reproductive Immunology for

Peri-implantation,Shenzhen Zhongshan Institute for Reproductive Medicine and

Genetics, Clinical Research Center for Reproductive Medicine, Shenzhen Zhongshan

Obstetrics & Gynecology Hospital, Shenzhen 518045, China; 2 Department of

Obstetrics & Gynecology, People's Liberation Army General Hospital, Beijing 100853,

China

Corresponding author: Yao Yuanqing, Email: yqyao@126.com

【 Abstract】 Reproductive immunology has evolved considerably since

Medawar posed the "immunological paradox of pregnancy" in 1953, transitioning

from classical immune hypotheses to an evidence-based discipline. Early

conceptual models, including the protective antibody hypothesis and the helper T

cell (Th) 1/Th2 paradigm, facilitated the rapid clinical adoption of empirical

immunotherapies. However, the lack of high-quality randomized controlled trial

(RCT) evidence has led to sustained scrutiny of their efficacy. The largest RCT to

date demonstrated no benefit of prednisone over placebo for live birth rates in

patients with recurrent implantation failure, underscoring the fundamental

mismatch between systemic immunosuppression and the compartmentalized



nature of immune regulation at the maternal-fetal interface. Meanwhile,

technological advances have opened new avenues for mechanistic investigation.

Over the past three years, notable progress has been made in four areas: 1) spatial

multi-omics dissection of the maternal-fetal interface, including spatiotemporal

atlas construction in early pregnancy and the identification of CCR8-positive

decidual regulatory T cells (Treg); 2) immunometabolism and maternal-fetal

tolerance, revealing the role of CD36-mediated lipid metabolic pathways in

miscarriage pathogenesis; 3) trained immunity and epigenetic regulation, with

pregnancy-trained decidual natural killer cells shown to confer enhanced

antimicrobial protection; and 4) microchimerism and pregnancy immune memory,

uncovering the displacement dynamics of fetal microchimeric cells across

successive pregnancies and their association with Treg maintenance. On the clinical

front, national and international guidelines and consensus statements have also

been updated in parallel, progressively strengthening the evidence base for

translating basic discoveries into practice. In this paper, we outline the

developmental trajectory of the field, examine the translational challenges it

currently faces, and discuss future directions toward precision immune

intervention in reproductive medicine.

【Key words】 Reproductive immunology; Maternal-fetal interface; Immune

tolerance; Immunometabolism; Recurrent pregnancy loss; Recurrent implantation

failure
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1953 年，Peter Medawar 提出“妊娠免疫学悖论”，开启了一个至今仍未被完全回答的追问：携带父

源抗原的胎儿何以在母体内免遭排斥？七十余年来，从 Th1/Th2 范式到单细胞组学时代的精准分型，生殖

免疫学在争议与自我修正中不断生长。近年来，免疫代谢、训练免疫、微嵌合体等新方向的涌现，正在重

塑我们对生殖免疫网络的理解。与此同时，基础发现与临床转化之间的距离依然是学科面临的核心难题。
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关疾病的临床诊疗提供理论依据与策略参考，促进基础研究成果向临床实践的转化应用。
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【摘要】 妊娠早期母胎界面的免疫代谢微环境对妊娠建立与维持至关重要。

本文系统综述了母胎界面关键细胞（包括蜕膜免疫细胞与滋养层细胞）的免疫代谢

调控网络及其在复发性流产（recurrent spontaneous abortion， RSA）中的病理

机制。在生理状态下，蜕膜巨噬细胞、自然杀伤细胞及中性粒细胞通过精密的代谢

重编程（如糖酵解、氧化磷酸化、嘌呤代谢）维持其功能极化与动态平衡，并与滋

养层细胞通过人类白细胞抗原分子识别、细胞因子通信及代谢物交换（如乳酸、腺

苷）建立免疫耐受。然而，在 RSA 病理过程中，该网络发生多重失调，如巨噬细胞

向 M1 促炎表型极化以及滋养层细胞因代谢-表观遗传调控异常而侵袭受阻等。本文

旨在综述母胎界面关键细胞生理机制与病理发现，阐明免疫代谢紊乱在 RSA 发病中

的核心作用，为开发靶向免疫代谢的干预策略提供参考。

【关键词】 巨噬细胞； 流产， 习惯性； 母胎界面； 免疫代谢； 滋

养层细胞
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interface during early pregnancy

Hou Pingping, Yang Liangliang, Yao Jun, Jiang Xiangxiang

Department of Obstetrics and Gynecology, the First Affiliated Hospital of Anhui

Medical University; NHC Key Laboratory of Study on Abnormal Gametes and

Reproductive Tract, Hefei 230022, China

Corresponding author: Jiang Xiangxiang, Email: jiangxx@ahmu.edu.cn

【Abstract】 The immunometabolic microenvironment at the maternal-fetal

interface during early pregnancy is essential for the establishment and

maintenance of gestation. This review systematically summarizes the

immunometabolic regulatory networks governing key cellular components of the

interface, including decidual immune cells and trophoblasts, and delineates their

pathological mechanisms in recurrent spontaneous abortion (RSA). Under

physiological conditions, decidual macrophages, natural killer cells, and

neutrophils undergo precise metabolic reprogramming (such as glycolysis,

oxidative phosphorylation and purine metabolism) to sustain lineage-specific



functional polarization and dynamic homeostasis. Through human leukocyte

antigen-mediated recognition, cytokine communication, and the exchange of

metabolites such as lactate and adenosine, these cells cooperate with trophoblasts

to establish immune tolerance. However, in RSA, this network becomes multi-level

dysregulated, characterized by macrophage skewing toward a pro-inflammatory

M1 phenotype and impaired trophoblast invasion driven by aberrant

metabolism-epigenetic coupling. This review aims to summarize both physiological

mechanisms and pathological findings, underscoring the central role of

immunometabolic disruption in RSA and offering perspectives for developing

therapeutic strategies targeting cellular metabolism at the maternal-fetal interface.

【Key words】 Macrophage; Abortion, habitual; Maternal-fetal interface;

Immunometabolism; Trophoblast
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败中的作用机制及靶向治疗研究进展
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【摘要】 反复种植失败（recurrent implantation failure，RIF）是辅助

生殖技术临床应用中的核心难题，其中 30%~50%的患者发病原因尚不明确，被定义

为不明原因 RIF（unexplained RIF， uRIF），其临床管理缺乏明确的干预靶点。

胚胎成功着床依赖于母胎界面精细的免疫调控网络，该网络失衡是 uRIF 的重要发

病机制之一。自然杀伤细胞、巨噬细胞及 T 淋巴细胞是母胎界面核心免疫组分，通

过调控炎症反应、血管重塑及免疫耐受共同维持着床稳态。本文系统阐述上述免疫

细胞在正常胚胎着床中的生理功能及其在 uRIF 状态下的异常改变，探讨免疫细胞

功能紊乱与雌孕激素信号异常、局部代谢微环境改变之间的交互作用，并在此基础

上归纳现有免疫干预策略及其疗效证据。通过系统梳理相关免疫机制与临床证据，

以期为 uRIF 的机制研究及个体化临床管理提供理论参考。



【关键词】 自然杀伤细胞； 巨噬细胞； T 淋巴细胞； 免疫治疗； 反

复种植失败； 母胎界面； 免疫微环境
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【Abstract】 Recurrent implantation failure (RIF) is a core challenge in the

clinical application of assisted reproductive technology. Among these cases,

30%-50% have unknown etiologies and are defined as unexplained RIF (uRIF), for

which clinical management lacks clear therapeutic targets. Successful embryo

implantation depends on the finely-tuned immune network at the maternal-fetal

interface, and dysregulation of this network is one of the important pathogenic

mechanisms of uRIF. Natural killer cells, macrophages, and T lymphocytes serve as

core immune components at the maternal-fetal interface, maintaining implantation

homeostasis through the coordinated regulation of inflammatory responses,

vascular remodeling, and immune tolerance. This review systematically describes

the physiological functions of these immune cells during normal embryo

implantation and their pathological alterations in the context of uRIF, explores the

interplay between immune cell dysfunction and abnormalities in

estrogen/progesterone signaling as well as changes in the local metabolic

microenvironment, and summarizes existing immunomodulatory interventions

and their therapeutic evidence. By systematically synthesizing the relevant immune

mechanisms and clinical evidence, this review aims to provide a theoretical

reference for mechanistic research and individualized clinical management of uRIF.

【 Key words 】 Natural killer cells; Macrophages; T lymphocytes;

Immunotherapy; Recurrent implantation failure; Maternal-fetal interface; Immune

microenvironment
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蜕膜巨噬细胞在复发性自然流产中的代谢调控
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【摘要】 作为蜕膜组织中第二大类免疫细胞，蜕膜巨噬细胞参与胚胎植入、

胎盘血管重铸、母胎耐受建立等多个妊娠相关过程。蜕膜巨噬细胞的极化及功能异

常与复发性自然流产相关。近年来，研究发现代谢重编程通过调控糖酵解、脂肪酸

氧化及氨基酸代谢等关键通路，影响巨噬细胞的极化倾向及功能，已成为连接免疫

与代谢的重要机制。阐明代谢重编程如何导致蜕膜巨噬细胞功能异常并据此开发靶

向代谢的精准干预策略，有望为复发性自然流产的诊治提供新视角和新策略。

【关键词】 巨噬细胞； 代谢重编程； 复发性自然流产
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【Abstract】 As the second most abundant immune cells in the decidua,

decidual macrophages participate in embryo implantation, placental vascular

remodeling, and the establishment of maternal-fetal tolerance. Dysregulation of

decidual macrophage polarization and function contributes to recurrent

spontaneous abortion (RSA) pathogenesis. Recent evidence shows that metabolic

reprogramming, which modulates key pathways such as glycolysis, fatty acid

oxidation, and amino acid metabolism, critically influences macrophage functions,

thereby serving as a crucial link between immunity and metabolism. Elucidating

how metabolic reprogramming induces dysfunction of decidual macrophages and

developing metabolism-targeted precision intervention strategies hold promise for

providing new perspectives and strategies for the diagnosis and treatment of RSA.
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【摘要】 母胎界面免疫微环境的动态平衡是调控妊娠进程的关键因素之一。

子宫蜕膜自然杀伤（decidual natural killer， dNK）细胞作为母胎界面的核心

免疫细胞，在维持免疫微环境稳态中发挥着不可替代的作用。近年来，研究表明

dNK 细胞与蜕膜巨噬细胞、T 淋巴细胞、滋养层细胞、血管细胞及基质细胞等构建

出精密的细胞间互作网络，调控子宫内膜容受性、胚胎着床及螺旋动脉重塑等核心

生理过程。当免疫微环境失衡时，易诱发复发性流产、子痫前期及反复种植失败等

妊娠相关疾病。本文对 dNK 细胞与母胎界面关键细胞的互作机制及其在妊娠相关疾

病发生中的作用进行综述，以期为相关疾病的机制研究及临床诊疗提供参考。

【关键词】 母胎界面； 子宫自然杀伤细胞； 免疫微环境； 细胞互作；

妊娠相关疾病

Research progress on the regulation of immune microenvironment by

uterine decidual natural killer cells and their involvement in the occurrence

of pregnancy-related diseases
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【Abstract】 The dynamic balance of the maternal fetal interface immune

microenvironment is one of the key factors regulating the pregnancy process.

Uterine decidual natural killer (dNK) cells, as the core immune cells at the

maternal-fetal interface, play an irreplaceable role in maintaining the homeostasis

of the immune microenvironment. In recent years, studies have shown that dNK

cells construct a precise intercellular interaction network with decidual

macrophages, T lymphocytes, trophoblast cells, vascular cells, and stromal cells,

regulating core physiological processes such as endometrial receptivity, embryo

implantation, and spiral artery remodeling. When the immune microenvironment

is imbalanced, it is easy to induce pregnancy-related diseases such as recurrent

spontaneous abortion, preeclampsia, and recurrent implantation failure. This

article reviews the interaction mechanisms between dNK cells and other primary

cells at the maternal-fetal interface, as well as their role in the pathogenesis of

pregnancy-related diseases, in order to provide reference for the mechanism

research and clinical diagnosis and treatment of these diseases.

【Key words】 Maternal-fetal interface; Uterine natural killer cells;

Immune microenvironment; Cell interaction; Pregnancy-related diseases
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【摘要】 系统性红斑狼疮（systemic lupus erythematosus，SLE）是一种

好发于育龄期女性的慢性多系统自身免疫性疾病。尽管治疗手术的进步显著提升了

患者长期生存率，但其对女性生殖系统尤其是卵巢功能的损害尤为突出，已成为临

床诊疗中的一个大难题。本文系统梳理了 SLE 相关卵巢功能障碍的现有研究证据，

并重点阐述了保护生育力的新兴策略。与健康人群相比，SLE 患者月经紊乱、卵巢

储备功能减退及早发性卵巢功能不全的发病率均显著升高。然而，该疾病与月经初

潮年龄、绝经年龄及卵巢癌风险之间的关联仍存争议。从发病机制来看，SLE 诱发

的卵巢功能损害是自身免疫损伤、内分泌紊乱和药物（尤其是环磷酰胺）诱导的性



腺毒性三者共同作用的结果，其中环磷酰胺所致的性腺毒性尤为显著。本综述强调

临床应将积极的卵巢功能监测与生育力保护策略（如促性腺激素释放激素激动剂应

用、辅助生殖技术等）纳入育龄期 SLE 患者的常规诊疗方案。通过构建面向临床的

诊疗框架，本文旨在为 SLE 女性的健康监测与生殖管理提供循证依据。

【关键词】 红斑狼疮，系统性； 早发性卵巢功能不全； 环磷酰胺； 卵

巢储备功能减退
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【Abstract】 Systemic lupus erythematosus (SLE) is a chronic multisystem

autoimmune disease that occurs frequently in women of reproductive age.

Although advances in treatment have significantly improved long-term survival,

SLE continues to pose substantial risks to the female reproductive system,

particularly ovarian function, representing a major clinical challenge. This review

systematically synthesizes current evidence on SLE-associated ovarian dysfunction

and highlights emerging strategies for fertility preservation. Key findings confirm

that SLE patients exhibit a higher prevalence of menstrual disorders, diminished

ovarian reserve, and premature ovarian insufficiency compared with the healthy

population. In contrast, associations between SLE and menarcheal age, menopausal

age, or ovarian cancer risk continue to be debated. Mechanistically, ovarian

impairment involves a triad of autoimmune injury, endocrine dysregulation, and

medication-induced gonadotoxicity, most notably from cyclophosphamide.

Importantly, this review underscores the necessity of integrating proactive ovarian

monitoring and fertility preservation approaches, such as gonadotropin-releasing

hormone agonists and assisted reproductive technologies, into the routine care of

reproductive-aged SLE patients. By providing a clinically oriented framework, this

review aims to inform evidence-based management that safeguards both health

and fertility in women with SLE.

【 Key words 】 Lupus erythematosus, systemic; Premature ovarian

insufficiency; Cyclophosphamide; Diminished ovarian reserve
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内膜菌群在子宫衰老中的作用与研究进展

曾中虹 于洋 潘恒
北京大学第三医院生殖医学中心，北京 100191
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【摘要】 近年来，内膜菌群作为除免疫、血管和内分泌等传统因素外的“新

型器官”，其在维持子宫内膜组织稳态中的作用日益受到关注。多项研究表明，内

膜菌群失调可能通过诱发慢性炎症反应、扰乱局部免疫微环境以及干扰上皮细胞正

常功能等多种途径，进而加速子宫衰老的进程。因此，针对内膜菌群进行靶向调控，

有望成为延缓子宫衰老、改善子宫内膜容受性的一种新兴治疗策略。本文对子宫内

膜菌群的基本组成特征及其与子宫衰老之间的相互作用机制进行了系统综述，并对

以菌群为靶点的干预策略研究进展作出展望，以期为改善生殖结局提供新的思路。

【关键词】 子宫内膜； 菌群； 子宫衰老； 生殖医学
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【 Abstract 】 In recent years, the endometrial microbiota has gained

increasing recognition as a "new organ" crucial in maintaining endometrial

homeostasis, alongside traditional factors such as immunity, vascular function, and

endocrine regulation. Emerging evidence suggests that dysbiosis of the

endometrial microbiota may accelerate uterine aging through multiple mechanisms,

including the induction of chronic inflammation, disruption of the local immune

microenvironment, and impairment of epithelial cell function. Consequently,

targeted modulation of the microbiota holds promise as a novel therapeutic

strategy to delay uterine aging and enhance endometrial receptivity. This article

aims to systematically elucidate the fundamental characteristics of the endometrial

microbiota and its mechanistic interactions with uterine aging, while also offering

perspectives on recent advances in microbiota-targeted interventions. Ultimately, it

seeks to provide new insights for improving reproductive outcomes.

【 Key words】 Endometrium; Microbiota; Uterine aging; Reproductive

medicine
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宫腔粘连防治中隔离屏障的应用研究进展及其

免疫调控机制
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【摘要】 宫腔粘连多由宫腔手术或感染所诱发，是一种可严重影响女性生育

力的常见妇科疾病，目前临床上首选宫腔镜下宫腔粘连分离术作为治疗，但由于术

后较高的粘连复发率，术后应用隔离屏障类材料已成为预防粘连复发的关键。本文

就宫腔粘连防治所应用的隔离屏障类型，包括物理屏障（如宫内节育器、球囊、防

粘连膜、机械支架）和生物屏障（如水凝胶、生物支架、羊膜）进行综述，分析其

特性及机制，评估其在预防再粘连、促进内膜修复方面疗效，以期为防粘连屏障选

择提供参考，推动宫腔粘连防治向精准化、个性化发展。

【关键词】 宫腔粘连； 预防再粘连； 子宫内膜修复； 免疫调节
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【Abstract】 Intrauterine adhesions, often induced by uterine surgery or

infection, are a common gynecological condition that can severely impact female

fertility. Currently, hysteroscopic transcervical resection of adhesion is the

preferred clinical treatment. However, due to the high recurrence rate of adhesions

postoperatively, the application of barrier materials has become crucial for

preventing adhesion recurrence. This article reviews the types of barrier materials

used in the prevention and treatment of intrauterine adhesions, including physical



barriers (such as intrauterine devices, balloons, anti-adhesion membranes, and

mechanical scaffolds) and biological barriers (such as hydrogels, biological

scaffolds, and amniotic membranes), analyzes their characteristics and

mechanisms, evaluates their efficacy in preventing re-adhesion and promoting

endometrial repair, aiming to provide references for the selection of anti-adhesion

barriers and promote the development of precise and personalized approaches for

the prevention and treatment of intrauterine adhesions.

【 Key words 】 Intrauterine adhesions; Re-adhesion prevention;

Endometrial repair; Immunomodulation
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睾丸巨噬细胞在睾丸炎症转归与纤维化进程中

的作用机制及临床意义
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【摘要】 睾丸巨噬细胞（testicular macrophage， TM）作为睾丸免疫微环

境中的核心免疫细胞，对维持睾丸免疫稳态和调节炎症反应至关重要。随着生殖免

疫学的不断发展，越来越多的研究揭示了 TM 在睾丸炎症发生、发展及纤维化过程

中的关键作用，这些病理变化严重影响睾丸功能和男性生殖健康。然而，目前对于

其具体的免疫调节机制及介导纤维化的信号通路尚不完全清楚，限制了临床干预手

段的优化。本综述旨在系统阐述 TM 的生物学特性，包括其起源、分布、表型特征

和功能分化，并深入分析 TM 在炎症环境中如何通过复杂的分子信号通路与其他细

胞相互作用，从而启动、介导炎症反应并驱动纤维化进程。此外，本综述结合最新

临床研究进展，评估 TM 作为诊断生物标志物和潜在治疗靶点的价值，以期为睾丸

炎症及纤维化相关疾病的诊断、治疗和临床转化提供理论基础和新的研究方向。

【关键词】 不育，男性； 睾丸巨噬细胞； 睾丸炎症； 纤维化； 免疫

调节； 靶向治疗
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Role of testicular macrophages in the resolution of testicular inflammation

and fibrosis: mechanisms and clinical implications
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【 Abstract 】 As pivotal components of the testicular immune

microenvironment, testicular macrophages (TM) play an essential role in

maintaining immune homeostasis and orchestrating inflammatory responses.

Recent advances in reproductive immunology have highlighted the critical

involvement of TM in driving the initiation, progression, and eventual fibrosis of

testicular inflammation — pathological changes that significantly compromise

testicular function and male reproductive health. testicular function and male

reproductive health. Despite this, the precise immunoregulatory mechanisms and

the signaling cascades driving fibrosis remain elusive, thereby hindering the

development of optimized clinical interventions. This review systematically

elucidates the biological characteristics of TM, covering their ontogeny, distribution,

phenotypes, and functional plasticity. We further dissect the complex molecular

signaling pathways through which TM interact with resident cells to initiate and

mediate inflammation and propagate fibrotic remodeling. Finally, by synthesizing

emerging clinical evidence, we evaluate the potential of TM as diagnostic

biomarkers and therapeutic targets. This review aims to provide a theoretical

foundation and identify novel directions for the diagnosis, management, and

translational research of testicular inflammation and fibrosis-associated disorders.

【 Key words 】 Infertility, male; Testicular macrophage; Testicular

inflammation; Fibrosis; Immunomodulation; Targeted therapy
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PPOS 与 GnRH 拮抗剂方案在 PGT-A 周期助孕结

局的比较



闫一璇 郑威 俎若雯 杨宸 胡曼玉 杨悦 王梦齐 韩静宜 申
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【摘要】 目的 研究高孕激素状态下促排卵（progesterone primed ovarian

stimulation，PPOS）方案与促性腺激素释放激素拮抗剂（gonadotropin-releasing

hormone antagonist ， GnRH-A ） 方 案 对 胚 胎 植 入 前 非 整 倍 体 遗 传 学 检 测

（preimplantation genetic testing for aneuploidy，PGT-A）周期助孕结局的

影响。方法 本研究为单中心回顾性队列研究，根据纳入排除标准筛选后，纳入

2018 年 1 月至 2025 年 1 月于郑州大学第三附属医院生殖健康医院接受 PGT-A 检测

且采用 PPOS 或 GnRH-A 方案促排卵的 1 092 个助孕周期。对两组人群的基线数据进

行 1∶1 倾向性评分匹配（propensity score matching，PSM）。最终，PPOS 组和

GnRH-A 组各纳入 307 个助孕周期。主要结局为累积活产率（cumulative live birth

rate，CLBR），次要结局包括促排卵指标、胚胎实验室相关指标和首次冻融胚胎移

植（frozen-thawed embryo transfer，FET）的助孕结局（包括妊娠结局、产科结

局和新生儿结局）。结果 PSM 后，PPOS 组的保守估计 CLBR［48.00% （60/125）］、

乐观估计 CLBR［78.40% （98/125）］与 GnRH-A 组［44.17% （72/163），P=0.518；

68.71% （112/163），P=0.067］相比，差异均无统计学意义。促排卵和胚胎实验

室相关指标结局中，PPOS 组的双原核卵裂率［98.68% （1 575/1 596）］、无整

倍体囊胚周期率［59.28% （182/307）］，与 GnRH-A 组［97.78% （1 763/1 803），

P=0.048；46.91% （144/307），P=0.002］相比较高；第 3 天优质胚胎率［54.48%

（858/1 575）］、可利用囊胚形成率［46.76% （657/1 405）］与 GnRH-A 组［61.03%

（1 076/1 763），P<0.001；50.84% （815/1 603），P=0.026］相比较低，但整

倍体囊胚率和促排卵指标差异均无统计学意义（均 P>0.05）。首次 FET 的妊娠结

局、围产期结局和新生儿结局差异均无统计学意义（均 P>0.05）。结论 在 PGT-A

周期中，PPOS 方案和 GnRH-A 方案在 CLBR、促排卵指标及首次 FET 助孕结局方面相

当，但 PPOS 方案中无整倍体囊胚周期率显著增加。

【关键词】 胚胎植入前非整倍体遗传学检测； 高孕激素状态下促排卵； 促

性腺激素释放激素拮抗剂； 累积活产率
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【Abstract】 Objective To evaluate the impact of progesterone-primed

ovarian stimulation (PPOS) versus gonadotropin-releasing hormone antagonist



(GnRH-A) protocols on assisted reproductive outcomes in preimplantation genetic

testing for aneuploidy (PGT-A) cycles. Methods This single-center retrospective

cohort study included 1 092 assisted reproductive cycles that underwent PGT-A

and controlled ovarian stimulation with either the PPOS or GnRH-A protocol

between January 2018 and January 2025 at the Reproductive Health Hospital,

Third Affiliated Hospital of Zhengzhou University. Propensity score matching (PSM)

at a 1∶1 ratio was performed to balance baseline characteristics, resulting in 307

matched cycles per group. The primary outcome was cumulative live birth rate

(CLBR). Secondary outcomes included ovarian stimulation outcomes,

embryological outcomes, and assisted reproductive outcomes of the first

frozen-thawed embryo transfer (FET), covering pregnancy, obstetric, and neonatal

results. Results After PSM, no significant differences were observed between the

PPOS and GnRH-A groups in conservative CLBR [48.00% (60/125) vs. 44.17%

(72/163), P=0.518] or optimistic CLBR [78.40% (98/125) vs. 68.71% (112/163),

P=0.067]. In ovarian stimulation and embryological outcomes, compared with the

GnRH-A group, the PPOS group showed a slightly higher two pronuclei cleavage

rate [98.68% (1 575/1 596) vs. 97.78% (1 763/1 803), P=0.048] and a higher rate

of cycles without euploid blastocysts [59.28% (182/307) vs. 46.91% (144/307),

P=0.002], but lower rates of day 3 high-quality embryos [54.48% (858/1 575) vs.

61.03% (1 076/1 763), P<0.001], and usable blastocyst formation [46.76% (657/1

405) vs. 50.84% (815/1 603), P=0.026], while the euploid blastocyst rate and

ovarian stimulation indices were comparable (all P>0.05). Pregnancy, obstetric,

and neonatal outcomes of the first FET cycle did not differ significantly between the

two groups (all P>0.05). Conclusion In PGT-A cycles, there were no significant

differences between the PPOS and GnRH-A stimulation protocols in terms of CLBR,

ovarian stimulation outcomes, or the results of the first FET. However, the PPOS

protocol showed a significantly higher rate of cycles without euploid blastocysts.

【 Key words 】 Preimplantation genetic testing for aneuploidy;

Progesterone-primed ovarian stimulation; Gonadotropin-releasing hormone

antagonist; Cumulative live birth rate
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输卵管间质部妊娠的诊疗与生育力保护：焦点

与进展
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【摘要】 输卵管间质部妊娠（interstitial ectopic pregnancy，IEP）是

一种罕见但高风险的异位妊娠类型，其破裂后出血迅猛、死亡率高。目前其诊疗仍

面临早期诊断困难、治疗方案个体化选择及生育力保护等多重挑战。本文聚焦现有

诊疗方案的局限性、最新研究进展及对生育功能的影响三个关键维度，重点探讨影

像学技术进步、新型生物标志物探索及微创手术发展对 IEP 诊疗的推动意义，旨在

为临床提供更具指导性的诊疗思路。

【关键词】 输卵管间质部妊娠； 治疗； 生育力保护
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【Abstract】 Interstitial ectopic pregnancy (IEP) is a rare but high-risk type

of ectopic pregnancy, characterized by rapid and profuse hemorrhage upon rupture

and high mortality rate. Currently, its diagnosis and management remain

challenging due to challenges in early diagnosis, the need for individualized

treatment approaches, and concerns regarding fertility preservation. This review

focuses on three key dimensions: the limitations of current diagnostic and

therapeutic strategies, the latest research progress, and the impact on reproductive

outcomes. It particularly highlights the role of advances in imaging technology, the

exploration of novel biomarkers, and the development of minimally invasive

surgical techniques in advancing the diagnosis and management of IEP, aiming to

provide evidence-based clinical guidance.
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针刺治疗卵巢储备功能下降的多靶点机制概述
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【摘要】 卵巢储备功能下降（diminished ovarian reserve， DOR）是一种

以卵泡数量减少和质量下降为特征的生殖功能障碍性疾病，该疾病影响了女性的生

殖健康和生活质量。传统激素替代疗法虽对临床症状有一定疗效，但对生育力的改

善效果并不明显，长期使用存在不良反应的风险。早在中医古籍中就有针刺调节使

胞宫定期藏泄，恢复卵巢功能的记载。现代研究表明，针刺可调节卵巢内分泌功能、

抑制卵巢氧化应激和炎症反应、维持卵巢免疫平衡稳态、改善卵巢血流灌注情况、

调节卵巢表观遗传修饰以及改善 DOR 患者的心理效应。其作用特点为多靶点、整体

调节，既符合中医理论，又得到现代科学证据支持。本文旨在对近年来针刺治疗

DOR 的多靶点机制进行总结，希冀对临床及科研提供一定的参考。

【关键词】 针刺； 卵巢储备功能下降； 信号通路； 表观遗传学； 多

靶点机制
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【 Abstract 】 Diminished ovarian reserve (DOR) is a reproductive

dysfunction characterized by a reduction in both the quantity and quality of

ovarian follicles, which adversely affects the reproductive health and quality of life

of contemporary women. Although conventional hormone replacement therapy can

alleviate certain clinical symptoms, its effectiveness in improving fertility is limited,

and long-term use carries the risk of adverse effects. Ancient traditional Chinese

medicine (TCM) texts contain records of acupuncture regulating the periodic

storage and discharge function of the uterus (Baogong) to restore ovarian function.

Modern research indicates that acupuncture can regulate the endocrine function of

the ovaries, inhibit ovarian oxidative stress and inflammatory responses, maintain

ovarian immune homeostasis, improve ovarian blood perfusion, modulate ovarian

epigenetic modifications, and ameliorate psychological effects in patients with DOR.

Its action is characterized by multi-target and holistic regulation, which aligns with



TCM theory and is supported by modern scientific evidence. This article aims to

summarize the multi-target mechanisms of acupuncture in treating DOR in recent

years, hoping to provide references for clinical practice and scientific research.

【Key words】 Acupuncture; Diminished ovarian reserve; Signaling pathway;

Epigenetics; Multi-target mechanism
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