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  [摘 要] 压力、焦虑、失眠等慢性心理应激,近年来已成为促进肿瘤发生、发展的重要危险因素。应激反

应介导的神经内分泌系统持续分泌应激相关激素和神经递质,对肿瘤有重要影响,包括促进肿瘤发生、侵袭、转

移和免疫逃逸。除了对肿瘤细胞自身的影响外,慢性应激及其导致的心理应激也会影响肿瘤微环境中的免疫

细胞,包括数量减少和功能抑制,显著促进多种肿瘤恶性进展。然而,慢性心理应激如何调控肿瘤相关免疫细

胞或全身免疫细胞的机制仍是一个尚未完全解决的问题,靶向干预其中的潜在机制有望成为肿瘤免疫治疗新

策略。该文主要针对现有的慢性心理应激与肿瘤免疫的相关研究作一综述。
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[Abstract] Chronic

 

psychological
 

stress
 

such
 

as
 

stress,anxiety,and
 

insomnia
 

have
 

become
 

important
 

risk
 

factors
 

for
 

promoting
 

the
 

occurrence
 

and
 

development
 

of
 

tumors
 

in
 

recent
 

years.The
 

neuroendocrine
 

sys-
tem

 

mediated
 

by
 

stress
 

response
 

continuously
 

secretes
 

stress-related
 

hormones
 

and
 

neurotransmitters
 

have
 

important
 

effects
 

on
 

tumors,including
 

promoting
 

tumor
 

occurrence,invasion,metastasis,and
 

immune
 

escape.
In

 

addition
 

to
 

its
 

impact
 

on
 

tumor
 

cells
 

themselves,chronic
 

stress
 

and
 

the
 

psychological
 

stress
 

it
 

induces
 

can
 

also
 

affect
 

immune
 

cells
 

in
 

the
 

tumor
 

microenvironment,including
 

reduced
 

numbers
 

and
 

functional
 

inhibition,

significantly
 

promoting
 

the
 

malignant
 

progression
 

of
 

various
 

tumors.However,the
 

mechanism
 

by
 

which
 

chro-
nic

 

psychological
 

stress
 

regulates
 

tumor
 

associated
 

immune
 

cells
 

or
 

systemic
 

immune
 

cells
 

remains
 

an
 

unre-
solved

 

issue,and
 

targeted
 

interventions
 

targeting
 

these
 

potential
 

mechanisms
 

have
 

the
 

potential
 

to
 

become
 

a
 

new
 

strategy
 

for
 

tumor
 

immunotherapy.This
 

article
 

mainly
 

summarized
 

the
 

existing
 

research
 

on
 

the
 

correla-
tion

 

between
 

chronic
 

psychological
 

stress
 

and
 

tumor
 

immunity.
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  在快节奏的现代化生活中,心理社会因素导致的

健康问题日益突出。抑郁症是常见的慢性心理应激

疾病之一,近1/4的女性和1/6的男性在一生中经历

过抑郁症[1]。一项对接受抑郁症治疗的患者随访研

究显示,高达64%的个体在治疗期间抑郁症会再次发

作[2],持续影响人们的健康和生活质量。同时,肿瘤

等慢性疾病,也是导致患者产生慢性心理应激的常见

因素。例如,癌症患者中抑郁症的患病率为15%~
30%,而一般人群的平均患病率约为3.3%[3]。

慢性心理应激会激活人体下丘脑-垂体-肾上腺

(HPA)轴[4]及交感神经系统(SNS)[5],释放糖皮质激

素和儿茶酚胺。在癌症中,儿茶酚胺可以增强前列
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腺、卵巢、乳腺和结肠肿瘤细胞的致癌特性[6],糖皮质

激素是免疫抑制剂,参与肿瘤细胞免疫调节[7]。免疫

系统在癌症的发展中起着重要作用,不同的免疫因

子,如免疫细胞和各种白细胞介素,对肿瘤的发展过

程和转移的出现有重要影响[8-10]。

1 慢性心理应激

  压力是生活中不可缺少的一部分,长期暴露于具

有威胁性的环境中会产生有害影响,可能是包括癌症

在内的许多慢性疾病的诱因或加重因素[11]。持续的

心理压力可能导致免疫监视功能的丧失[12]。流行病

学研究表明,慢性心理应激在癌症的发生、进展和转

移中起积极作用,而在抗肿瘤免疫功能和治疗反应中

起消极作用[13]。
应激反应的神经内分泌系统主要由 HPA轴和

SNS构成[14]。长期应激状态下,应激相关激素和神

经递质的持续分泌对肿瘤有重要影响,包括促进肿瘤

发生、肿瘤增殖、肿瘤侵袭、肿瘤血管生成和逃避免疫

监视[15]。

1.1 HPA轴 HPA轴是神经内分泌系统的重要组

成部分,由下丘脑、垂体前叶和肾上腺3个内分泌腺组

成。在压力的条件下,下丘脑释放促肾上腺皮质激素释

放激素(CRH),其触发垂体前叶分泌促肾上腺皮质激

素(ACTH),ACTH刺激肾上腺释放应激激素,如儿茶

酚胺(肾上腺素、去甲肾上腺素)和皮质醇。这些激素通

过体循环到达目标器官,从而引起生理反应[16]。

1.2 SNS SNS是调节压力相关级联反应的主要参

与者。SNS刺激肾上腺髓质分泌儿茶酚胺进入血液

或直接向交感神经支配的靶器官释放去甲肾上腺素,
从而促进肿瘤生长[16]。心理应激反应的2条神经内

分泌网络见图1。

  注:CRH为促肾上腺皮质激素释放激素;ACTH为促肾上腺皮质激素;CA为儿茶酚胺;Cortisol为皮质醇;Anxiety为焦虑症;Depressed为抑

郁症;NE为去甲肾上腺素。

图1  心理应激反应的2条神经内分泌网络(由Figdraw绘制)

  综上所述,无论是HPA轴还是SNS,应激介导癌

症的发生、进展都与儿茶酚胺密切相关[17]。在慢性应

激条件下,癌症的进展主要是通过激活肾上腺素受体

(ARs)和糖皮质激素受体(GRs)2条信号通路来实

现[14-15]。例 如,儿 茶 酚 胺 由 β2 肾 上 腺 素 受 体

(ADRβ2)发挥促肿瘤作用[18-19]。在慢性应激小鼠模

型中,糖皮质激素通过诱导血清和糖皮质激素调节的

蛋 白 激 酶 (SGK1)增 加 负 调 节 物 小 鼠 双 微 体 2
(MDM2)的活性并抑制p53功能,进而促进肿瘤的

发生[20]。
既往研究证明,儿茶酚胺表达含量增加促进了肿

瘤的发生、进展。例如,儿茶酚胺促进了ADRβ2 依赖

性胰腺 导 管 腺 癌(PDAC)的 发 育、神 经 生 长 因 子

(NGF)的分泌,加速了肿瘤进展[21]。慢性应激会通

过ADRB2激活cyclic
 

AMP(cAMP)-protein
 

kinase
 

A(PKA)信号通路导致组织儿茶酚胺水平升高、肿瘤

负担加重和卵巢癌细胞侵袭性生长增加[22]。此外,糖
皮质激素也被证明在促进肿瘤进展中发挥重要作用。
例如,糖皮质激素GR-CDK1信号诱导结肠癌细胞的

增殖和侵袭[23]。乳腺癌进展过程中应激激素的增加

导致远处转移部位GRs的激活,增加了肿瘤定植和降

低个体存活率[24]。

2 慢性心理应激与肿瘤免疫

  大量研究表明,慢性心理应激可调控机体的全身
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免疫状态[25-26]。慢性心理应激对 HPA轴和SNS的

激活产生积极作用,最终导致炎症上调,抑制细胞免

疫毒性[15]。在多种细胞因子的介导下,免疫细胞与肿

瘤微环境(TME)中的癌细胞进行交流,调控肿瘤生

长、血管生成和转移。慢性应激及其导致的心理应激

也会影响TME中的免疫细胞,包括数量减少和功能

抑制[27]。

2.1 TME TME是肿瘤生存的特殊环境,具有缺

氧、酸性、缺乏营养和免疫抑制等特点,由脉管系统、
免疫细胞、细胞外间质和蛋白质或代谢分子组成[28]。

HPA轴和SNS的持续激活可通过介导应激性TME
促进促癌免疫细胞和细胞因子数量增加,血管生成增

多,上皮-间质转化增强,细胞外基质受损,最终加速肿

瘤进展[29]。

2.2 免疫细胞

2.2.1 T细胞 T细胞代谢在支持和塑造免疫反应

及抗肿瘤免疫中起着核心作用[30]。急性应激通过β2
肾上腺素介导的过程增加T细胞动员,而慢性应激会

减弱这一过程,心理应激会削弱免疫系统的能力,从
而使机体更容易受到感染[31]。压力源和抑郁都与细

胞毒性T细胞活动的减少有关,影响肿瘤的免疫监视

等过程[32]。一项研究表明,在人类免疫缺陷病毒-1
和人乳头瘤病毒合并感染的黑种人妇女中,有压力的

负面生活事件和悲观情绪与自然杀伤细胞(NK)细胞

毒性、T细胞毒性/抑制细胞(CD8+CD3+)百分比降

低有关[33]。在应激导致卵巢肿瘤小鼠腹水中检测到

皮质酮、去甲肾上腺素,腹水微环境中CD4+PD-1+/

CD8+PD-1+T细胞比率增加,是肿瘤相关炎症、T细

胞抑制和疾病进展的驱动因素[34]。此外,应激降低了

年轻前列腺癌小鼠肿瘤内CD4+ 和CD4+FoxP3+T
细胞数量[35]。应激小鼠的肿瘤显示出CD4+T细胞

总数减少、调节性T细胞(Treg)增加、T细胞与肿瘤

细胞接触减少及 CD4+T 细胞中 CTLA-4减少的

趋势[36]。

2.2.2 NK细胞 NK细胞通过其细胞毒性效应器

功能及其与其他免疫细胞相互作用发挥抗肿瘤免疫

反应的能力,在肿瘤免疫监测中起着关键作用[37]。一

项研究表明,在卵巢癌患者中,具有更强心理应激的

人群肿瘤浸润淋巴细胞中有更多的 NK细胞活性受

损[38]。另一项研究表明,在癌症相关的高水平心理应

激患者中观察到的NK细胞溶解损伤可能是由于NK
细胞抑制和激活受体的失调[39]。此外,新诊断为癌症

的女性及乳腺活检会引起焦虑、压力等情绪,进而导

致NK细胞活性降低和细胞因子失调[40-41]。动物实

验表明,在暴露于精神压力的小鼠血清中应激激素水

平升高,血液和肿瘤样本中 NK细胞百分比降低,体
内肿瘤生长加速[42]。

2.2.3 骨髓来源的抑制性细胞(MDSCs) MDSCs
是免疫抑制网络的一个主要组成部分,抑制T细胞的

活性,利于恶性肿瘤的免疫逃逸[43]。在一项研究中,
应激相关的糖皮质激素升高增强了TAM/CXCL1信

号传导,从而招募脾脏 MDSCs通过CXCR2促进肿

瘤转移前生态位的形成[44]。慢性心理应激的小鼠模

型增强了 MDSCs对增殖 T细胞的抑制活性,表明

MDSCs等抑制性细胞在促进肿瘤生长中可能发挥了

作用[45]。此外,慢性应激增强了 MDSCs中CXCR2
和pErk1/2的表达,促进肝癌组织中趋化因子CX-
CL5表达增加,显著促进肝细胞癌的生长,以及骨髓

中 MDSCs向脾脏和肿瘤部位的动员[46]。应激还降

低了荷瘤小鼠血液中 CD3+CD4+T 细胞和 CD3+

CD8+T细胞的百分比,同时增加了 CD11b+Gr-1+

MDSC的百分比,促进肝细胞癌的生长,抑制荷瘤小

鼠的抗肿瘤免疫[47]。

2.2.4 树突状细胞(DCs) DCs是宿主免疫应答的

关键“哨兵”,是启动和维持有效的T细胞介导抗肿瘤

免疫应答的关键因素,TME中DCs的存在和功能可

能决定癌症免疫疗法及常规癌症治疗的功效[48]。一

项研究表明,社会压力会激活 DCs,增加 DCs分泌

Toll特异性刺激的细胞因子,并使DCs对糖皮质激素

产生抵抗,抑制DCs的活化和功能[49]。

2.2.5 肿瘤相关巨噬细胞(TAMs) TAMs是肿瘤

进展、转移和抗治疗的关键驱动因素,TME中抗肿瘤

M1类和促肿瘤 M2类 TAMs共存,M1/M2亚群直

接影响改善抗肿瘤免疫反应的策略[50]。在一项研究

中,慢性应激抑制了TAMs和其他免疫细胞的募集,
特别是 M1型TAMs和CD8+T细胞,并降低胶质瘤

中促炎性细胞因子的水平,导致免疫抑制微环境和胶

质瘤进展[51]。心理应激状态下的TME构成见图2。

3 中医视角下慢性应激导致肿瘤发生、发展的机制

  近年来,中医从自身角度解释了慢性应激导致肿

瘤发生、发展的机制,即情志失调导致肝气郁结,引起

机体糖代谢、脂质代谢、氨基酸代谢水平紊乱,从而使

TME的动态平衡被打破[52]。气、血、津液失调是情志

致病主要病理过程:七情内伤致气机逆乱,引发血、津
液代谢障碍,气滞可致血瘀、津停,形成湿、痰、饮等;
脏腑受损或功能不全,使气、血、津液不归正化,酿生

病理产物。气机长期失调,病理产物蓄积,易生癌

毒[53]。此外,中医认为,肝主疏泄是心理应激反应的

核心,肝郁脾虚也为心理应激相关性疾病常见中医证

候[54]。针对致病机制,中医药在应激导致的肿瘤发

生、发展治疗中得到应用。有研究证明,四逆散可以

通过降低有氧糖酵解抑制慢性心理应激介导的乳腺

癌生长转移[55]。
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  注:CA为儿茶酚胺;Cortisol为皮质醇;Erythrocyte为红细胞;NK
 

cell为自然杀伤细胞;DCs为树突状细胞;MDSCs为髓源性抑制细胞;

TAMs为肿瘤相关巨噬细胞;CAFs为肿瘤相关成纤维细胞;ECM 为细胞外基质;Mesothelial
 

cells为间皮细胞;Cytokine为细胞因子;Chemokine
为趋化因子;Growth

 

factor为生长因子。

图2  心理应激状态下的TME构成(由Figdraw绘制)

4 小结与展望

  应激反应的神经内分泌系统主要由 HPA轴和

SNS构成。长期应激状态下,应激相关激素和神经递

质的持续分泌对肿瘤有重要影响,包括促进肿瘤发

生、肿瘤增殖、肿瘤侵袭、肿瘤血管生成和逃避免疫监

视。TME是目前肿瘤领域的热门话题,而免疫细胞

又是TME中的重要组成部分。慢性应激及其导致的

心理应激影响TME中的免疫细胞,包括数量减少和

功能下降。目前的研究主要集中在某些特定的肿瘤

类型(如乳腺癌)和心理应激状态(如抑郁和焦虑),对
其他肿瘤类型和心理应激状态的研究相对较少。此

外,对于不同人群(如儿童、老年人、不同性别等)的心

理应激与肿瘤免疫关系的了解也有限。尽管已经发

现了一些与心理应激和肿瘤免疫相关的生物标志物

(如血清皮质醇、儿茶酚胺等),但这些生物标志物的

特异性和灵敏性仍需进一步提高,以便更好地用于临

床诊断和预测。

参考文献

[1] KESSLER
 

R
 

C,BIRNBAUM
 

H,BROMET
 

E,et
 

al.Age
 

differences
 

in
 

major
 

depression:results
 

from
 

the
 

National
 

Comorbidity
 

Survey
 

Replication(NCS-R)[J].Psychol
 

Med,2010,40(2):225-237.
[2] YIEND

 

J,PAYKEL
 

E,MERRITT
 

R,et
 

al.Long
 

term
 

outcome
 

of
 

primary
 

care
 

depression[J].J
 

Affect
 

Disord,

2009,118(1/3):79-86.
[3]BORTOLATO

 

B,HYPHANTIS
 

T
 

N,VALPIONE
 

S,et
 

al.Depression
 

in
 

cancer:the
 

many
 

biobehavioral
 

pathways
 

driving
 

tumor
 

progression[J].Cancer
 

Treat
 

Rev,2017,

52:58-70.
[4] YAMANAKA

 

Y,MOTOSHIMA
 

H,UCHIDA
 

K.Hypo-

thalamic-pituitary-adrenal
 

axis
 

differentially
 

responses
 

to
 

morning
 

and
 

evening
 

psychological
 

stress
 

in
 

healthy
 

sub-
jects[J].Neuropsychopharmacol

 

Rep,2019,39(1):41-47.
[5] NAKAMURA

 

K,MORRISON
 

S
 

F.Central
 

sympathetic
 

network
 

for
 

thermoregulatory
 

responses
 

to
 

psychological
 

stress[J].Auton
 

Neurosci,2022,237:102918.
[6] SWIERCZ

 

R,GRZELINSKA
 

Z,GRALEWICZ
 

S,et
 

al.
Catecholamine

 

levels
 

in
 

the
 

brain
 

of
 

rats
 

exposed
 

by
 

inha-
lation

 

to
 

benzalkonium
 

chloride[J].Int
 

J
 

Occup
 

Med
 

En-
viron

 

Health,2009,22(2):107-113.
[7] GOODMAN

 

R
 

S,JOHNSON
 

D
 

B,BALKO
 

J
 

M.Cortico-
steroids

 

and
 

cancer
 

immunotherapy[J].Clin
 

Cancer
 

Res,

2023,29(14):2580-2587.
[8] QIAN

 

B
 

Z,POLLARD
 

J
 

W.Macrophage
 

diversity
 

en-
hances

 

tumor
 

progression
 

and
 

metastasis[J].Cell,2010,

141(1):39-51.
[9] WU

 

S
 

Y,FU
 

T,JIANG
 

Y
 

Z,et
 

al.Natural
 

killer
 

cells
 

in
 

cancer
 

biology
 

and
 

therapy[J].Mol
 

Cancer,2020,19(1):

120.
[10]KUMARI

 

N,DWARAKANATH
 

B
 

S,DAS
 

A,et
 

al.Role
 

of
 

interleukin-6
 

in
 

cancer
 

progression
 

and
 

therapeutic
 

re-
sistance[J].Tumour

 

Biol,2016,37(9):11553-11572.
[11]PAYNE

 

J
 

K.State
 

of
 

the
 

science:stress,inflammation,

and
 

cancer[J].Oncol
 

Nurs
 

Forum,2014,41(5):533-540.
[12]CORMANIQUE

 

T
 

F,ALMEIDA
 

L
 

E
 

D
 

F
 

D,RECH
 

C
 

A,et
 

al.Chronic
 

psychological
 

stress
 

and
 

its
 

impact
 

on
 

the
 

development
 

of
 

aggressive
 

breast
 

cancer[J].Einstein
(Sao

 

Paulo),2015,13(3):352-356.
[13]ABATE

 

M,CITRO
 

M,CAPUTO
 

M,et
 

al.Psychological
 

stress
 

and
 

cancer:new
 

evidence
 

of
 

an
 

increasingly
 

strong
 

link[J].Transl
 

Med
 

UniSa,2020,23:53-57.
[14]CUI

 

B,PENG
 

F,LU
 

J
 

X,et
 

al.Cancer
 

and
 

stress:next-
Gen

 

strategies[J].Brain
 

Behav
 

Immun,2021,93:368-

·537·现代医药卫生2026年4月第42卷第4期 J
 

Mod
 

Med
 

Health,April
 

2026,Vol.42,No.4



383.
[15]LIU

 

Y
 

X,TIAN
 

S,NING
 

B,et
 

al.Stress
 

and
 

cancer:the
 

mechanisms
 

of
 

immune
 

dysregulation
 

and
 

management
[J].Front

 

Immunol,2022,13:1032294.
[16]SHIN

 

K
 

J,LEE
 

Y
 

J,YANG
 

Y
 

R,et
 

al.Molecular
 

mecha-
nisms

 

underlying
 

psychological
 

stress
 

and
 

cancer[J].Curr
 

Pharm
 

Des,2016,22(16):2389-2402.
[17]WACKERHAGE

 

H,CHRISTENSEN
 

J
 

F,ILMER
 

M,et
 

al.Cancer
 

catecholamine
 

conundrum[J].Trends
 

Cancer,

2022,8(2):110-122.
[18]MRAVEC

 

B,HORVATHOVA
 

L,HUNAKOVA
 

L.
Neurobiology

 

of
 

cancer:the
 

role
 

of
 

β-adrenergic
 

receptor
 

signaling
 

in
 

various
 

tumor
 

environments[J].Int
 

J
 

Mol
 

Sci,2020,21(21):7958.
[19]JENSEN

 

A
 

W
 

P,CARNAZ
 

SIMÒES
 

A
 

M,THOR
 

STRATEN
 

P,et
 

al.Adrenergic
 

signaling
 

in
 

immuno-
therapy

 

of
 

cancer:friend
 

or
 

foe? [J].Cancers(Basel),

2021,13(3):394.
[20]FENG

 

Z
 

H,LIU
 

L
 

X,ZHANG
 

C,et
 

al.Chronic
 

restraint
 

stress
 

attenuates
 

p53
 

function
 

and
 

promotes
 

tumorigenesis
[J].Proc

 

Natl
 

Acad
 

Sci
 

U
 

S
 

A,2012,109(18):7013-7018.
[21]RENZ

 

B
 

W,TAKAHASHI
 

R,TANAKA
 

T,et
 

al.β2 ad-
renergic-neurotrophin

 

feedforward
 

loop
 

promotes
 

pancre-
atic

 

cancer[J].Cancer
 

Cell,2018,33(1):75-90.
[22]THAKER

 

P
 

H,HAN
 

L
 

Y,KAMAT
 

A
 

A,et
 

al.Chronic
 

stress
 

promotes
 

tumor
 

growth
 

and
 

angiogenesis
 

in
 

a
 

mouse
 

model
 

of
 

ovarian
 

carcinoma[J].Nat
 

Med,2006,12
(8):939-944.

[23]TIAN
 

D,TIAN
 

M,HAN
 

G,et
 

al.Increased
 

glucocorti-
coid

 

receptor
 

activity
 

and
 

proliferation
 

in
 

metastatic
 

colon
 

cancer[J].Sci
 

Rep,2019,9(1):11257.
[24]OBRADOVIĈ

 

M
 

M
 

S,HAMELIN
 

B,MANEVSKI
 

N,et
 

al.Glucocorticoids
 

promote
 

breast
 

cancer
 

metastasis[J].
Nature,2019,567(7749):540-544.

[25]BARRETT
 

T
 

J,CORR
 

E
 

M,VAN
 

SOLINGEN
 

C,et
 

al.
Chronic

 

stress
 

primes
 

innate
 

immune
 

responses
 

in
 

mice
 

and
 

humans[J].Cell
 

Rep,2021,36(10):109595.
[26]WESTFALL

 

S,CARACCI
 

F,ESTILL
 

M,et
 

al.Chronic
 

stress-
induced

 

depression
 

and
 

anxiety
 

priming
 

modulated
 

by
 

gut-
brain-axis

 

immunity[J].Front
 

Immunol,2021,12:670500.
[27]DHABHAR

 

F
 

S.Effects
 

of
 

stress
 

on
 

immune
 

function:

the
 

good,the
 

bad,and
 

the
 

beautiful[J].Immunol
 

Res,

2014,58(2/3):193-210.
[28]SHI

 

R
 

C,TANG
 

Y
 

Q,MIAO
 

H
 

M.Metabolism
 

in
 

tumor
 

microenvironment:implications
 

for
 

cancer
 

immunothera-
py[J].Med

 

Comm,2020,1(1):47-68.
[29]TIAN

 

W
 

T,LIU
 

Y,CAO
 

C
 

H,et
 

al.Corrigendum:chro-
nic

 

stress:impacts
 

on
 

tumor
 

microenvironment
 

and
 

impli-
cations

 

for
 

anti-cancer
 

treatments[J].Front
 

Cell
 

Dev
 

Biol,2022,10:865043.
[30]SISKA

 

P
 

J,RATHMELL
 

J
 

C.T
 

cell
 

metabolic
 

fitness
 

in
 

antitumor
 

immunity[J].Trends
 

Immunol,2015,36(4):

257-264.
[31]DRAGOŞ

 

D,TÄNÄSESCU
 

M
 

D.The
 

effect
 

of
 

stress
 

on
 

the
 

defense
 

systems[J].J
 

Med
 

Life,2010,3(1):10-18.
[32]REICHE

 

E
 

M
 

V,NUNES
 

S
 

O
 

V,MORIMOTO
 

H
 

K.
Stress,depression,the

 

immune
 

system,and
 

cancer[J].
Lancet

 

Oncol,2004,5(10):617-625.
[33]BYRNES

 

D
 

M,ANTONI
 

M
 

H,GOODKIN
 

K,et
 

al.
Stressful

 

events,pessimism,natural
 

killer
 

cell
 

cytotoxici-
ty,and

 

cytotoxic/suppressor
 

T
 

cells
 

in
 

HIV+black
 

women
 

at
 

risk
 

for
 

cervical
 

cancer[J].Psychosom
 

Med,

1998,60(6):714-722.
[34]AQUINO-ACEVEDO

 

A
 

N,KNOCHENHAUER
 

H,

CASTILLO-OCAMPO
 

Y,et
 

al.Stress
 

hormones
 

are
 

as-
sociated

 

with
 

inflammatory
 

cytokines
 

and
 

attenuation
 

of
 

T-cell
 

function
 

in
 

the
 

ascites
 

from
 

patients
 

with
 

high
 

grade
 

serous
 

ovarian
 

cancer[J].Brain
 

Behav
 

Immun
 

Health,2022,26:100558.
[35]BELLINGER

 

D
 

L,DULCICH
 

M
 

S,MOLINARO
 

C,et
 

al.Psychosocial
 

stress
 

and
 

age
 

influence
 

depression
 

and
 

anxiety-related
 

behavior,drive
 

tumor
 

inflammatory
 

cyto-
kines

 

and
 

accelerate
 

prostate
 

cancer
 

growth
 

in
 

mice[J].
Front

 

Oncol,2021,11:703848.
[36]PARTECKE

 

L
 

I,SPEERFORCK
 

S,KÄDING
 

A,et
 

al.
Chronic

 

stress
 

increases
 

experimental
 

pancreatic
 

cancer
 

growth,reduces
 

survival
 

and
 

can
 

be
 

antagonised
 

by
 

beta-
adrenergic

 

receptor
 

blockade[J].Pancreatology,2016,16
(3):423-433.

[37]RUSSICK
 

J,JOUBERT
 

P
 

E,GILLARD-BOCQUET
 

M,

et
 

al.Natural
 

killer
 

cells
 

in
 

the
 

human
 

lung
 

tumor
 

micro-
environment

 

display
 

immune
 

inhibitory
 

functions[J].J
 

Immunother
 

Cancer,2020,8(2):e001054.
[38]LUTGENDORF

 

S
 

K,SOOD
 

A
 

K,ANDERSON
 

B,et
 

al.
Social

 

support,psychological
 

distress,and
 

natural
 

killer
 

cell
 

activity
 

in
 

ovarian
 

cancer[J].J
 

Clin
 

Oncol,2005,23
(28):7105-7113.

[39]VARKER
 

K
 

A,TERRELL
 

C
 

E,WELT
 

M,et
 

al.Im-
paired

 

natural
 

killer
 

cell
 

lysis
 

in
 

breast
 

cancer
 

patients
 

with
 

high
 

levels
 

of
 

psychological
 

stress
 

is
 

associated
 

with
 

altered
 

expression
 

of
 

killer
 

immunoglobin-like
 

receptors
[J].J

 

Surg
 

Res,2007,139(1):36-44.
[40]WITEK-JANUSEK

 

L,GABRAM
 

S,MATHEWS
 

H
 

L.Psy-
chologic

 

stress,reduced
 

NK
 

cell
 

activity,and
 

cytokine
 

dysreg-
ulation

 

in
 

women
 

experiencing
 

diagnostic
 

breast
 

biopsy[J].
Psychoneuroendocrinology,2007,32(1):22-35.

[41]WITEK
 

JANUSEK
 

L,TELL
 

D,MATHEWS
 

H
 

L.Mindful-
ness

 

based
 

stress
 

reduction
 

provides
 

psychological
 

benefit
 

and
 

restores
 

immune
 

function
 

of
 

women
 

newly
 

diagnosed
 

with
 

breast
 

cancer:a
 

randomized
 

trial
 

with
 

active
 

control[J].Brain
 

Behav
 

Immun,2019,80:358-373.
[42]MA

 

W
 

J,LIU
 

P
 

F,ZHENG
 

J,et
 

al.Immune
 

and
 

nonim-
mune

 

mechanisms
 

mediate
 

the
 

mental
 

stress-induced
 

tumor
 

growth
 

in
 

a
 

xenograft
 

model
 

of
 

breast
 

cancer[J].
Cell

 

Death
 

Dis,2021,12(11):987.
[43]WU

 

Y
 

Z,YI
 

M,NIU
 

M
 

K,et
 

al.Myeloid-derived
 

suppressor
 

cells:an
 

emerging
 

target
 

for
 

anticancer
 

immunotherapy[J].
Mol

 

Cancer,2022,21(1):184. (下转第746页)

·637· 现代医药卫生2026年4月第42卷第4期 J
 

Mod
 

Med
 

Health,April
 

2026,Vol.42,No.4



Neurol
 

Int,2023,15(3):994-1013.
[24]SHI

 

Y,THRIPPLETON
 

M
 

J,MAKIN
 

S
 

D,et
 

al.Cere-
bral

 

blood
 

flow
 

in
 

small
 

vessel
 

disease:a
 

systematic
 

re-
view

 

and
 

meta-analysis[J].J
 

Cereb
 

Blood
 

Flow
 

Metab,

2016,36(10):1653-1667.
[25]O'SULLIVAN

 

M,LYTHGOE
 

D
 

J,PEREIRA
 

A
 

C,et
 

al.Patterns
 

of
 

cerebral
 

blood
 

flow
 

reduction
 

in
 

patients
 

with
 

ischemic
 

leukoaraiosis[J].Neurology,2002,59(3):

321-326.
[26]JUTTUKONDA

 

M
 

R,STEPHENS
 

K
 

A,YEN
 

Y
 

F,et
 

al.Oxygen
 

extraction
 

efficiency
 

and
 

white
 

matter
 

lesion
 

burden
 

in
 

older
 

adults
 

exhibiting
 

radiological
 

evidence
 

of
 

capillary
 

shunting[J].J
 

Cereb
 

Blood
 

Flow
 

Metab,2022,

42(10):1933-1943.
[27]LIN

 

M
 

P,BROTT
 

T
 

G,LIEBESKIND
 

D
 

S,et
 

al.Collat-
eral

 

recruitment
 

is
 

impaired
 

by
 

cerebral
 

small
 

vessel
 

dis-
ease[J].Stroke,2020,51(5):1404-1410.

[28]XU
 

M,GUO
 

W,RASCLE
 

L,et
 

al.Leukoaraiosis
 

distri-
bution

 

and
 

cerebral
 

collaterals:a
 

systematic
 

review
 

and
 

meta-analysis[J].Front
 

Neurol,2022,13:869329.
[29]HUANG

 

Y
 

C,LEE
 

J
 

D,PAN
 

Y
 

T,et
 

al.Perfusion
 

de-
fects

 

and
 

collateral
 

flow
 

patterns
 

in
 

acute
 

small
 

subcorti-
cal

 

infarction:a
 

4D
 

dynamic
 

MRI
 

study[J].Transl
 

Stroke
 

Res,2022,13(3):399-409.
[30]HUO

 

Y
 

C,LI
 

Q,ZHANG
 

W
 

Y,et
 

al.Total
 

small
 

vessel
 

disease
 

burden
 

predicts
 

functional
 

outcome
 

in
 

patients
 

with
 

acute
 

ischemic
 

stroke[J].Front
 

Neurol,2019,10:

808.
[31]KIM

 

B
 

J,LEE
 

S
 

H.Prognostic
 

impact
 

of
 

cerebral
 

small
 

vessel
 

disease
 

on
 

stroke
 

outcome[J].J
 

Stroke,2015,17
(2):101-110.

[32]FERNANDO
 

M
 

S,SIMPSON
 

J
 

E,MATTHEWS
 

F,et
 

al.White
 

matter
 

lesions
 

in
 

an
 

unselected
 

cohort
 

of
 

the
 

elderly:molecular
 

pathology
 

suggests
 

origin
 

from
 

chronic
 

hypoperfusion
 

injury[J].Stroke,2006,37(6):1391-1398.
[33]ZHANG

 

W,FU
 

F,ZHAN
 

Z.Association
 

between
 

in-
tracranial

 

and
 

extracranial
 

atherosclerosis
 

and
 

white
 

mat-
ter

 

hyperintensities:a
 

systematic
 

review
 

and
 

meta-analy-
sis[J].Front

 

Aging
 

Neurosci,2024,15:1240509.
[34]LIU

 

X,WU
 

N,LI
 

J,et
 

al.Risk
 

factors
 

and
 

clinical
 

charac-
teristics

 

of
 

first-ever
 

ischemic
 

stroke
 

caused
 

by
 

ICAS
 

with
 

leukoaraiosis[J].Int
 

J
 

Med
 

Sci,2024,21(8):1500-
1510.

[35]SOHN
 

H,KANG
 

DW,KWON
 

S
 

U,et
 

al.Anterior
 

cho-
roidal

 

artery
 

territory
 

infarction:lesions
 

confined
 

to
 

ver-
sus

 

beyond
 

the
 

internal
 

capsule[J].Cerebrovasc
 

Dis,

2013,35(3):228-234.

(收稿日期:2025-06-09 修回日期:2025-12-22)

(上接第736页)
[44]ZHENG

 

Y
 

F,WANG
 

N,WANG
 

S
 

Q,et
 

al.Chronic
 

psycho-
logical

 

stress
 

promotes
 

breast
 

cancer
 

pre-metastatic
 

niche
 

formation
 

by
 

mobilizing
 

splenic
 

MDSCs
 

via
 

TAM/CXCL1
 

signaling[J].J
 

Exp
 

Clin
 

Cancer
 

Res,2023,42(1):129.
[45]SCHMIDT

 

D,PETERLIK
 

D,REBER
 

S
 

O,et
 

al.Induc-
tion

 

of
 

suppressor
 

cells
 

and
 

increased
 

tumor
 

growth
 

fol-
lowing

 

chronic
 

psychosocial
 

stress
 

in
 

male
 

mice[J].PLoS
 

One,2016,11(7):e0159059.
[46]CAO

 

M
 

Y,HUANG
 

W,CHEN
 

Y
 

Z,et
 

al.Chronic
 

re-
straint

 

stress
 

promotes
 

the
 

mobilization
 

and
 

recruitment
 

of
 

myeloid-derived
 

suppressor
 

cells
 

through
 

β-adrenergic-
activated

 

CXCL5-CXCR2-Erk
 

signaling
 

cascades[J].Int
 

J
 

Cancer,2021,149(2):460-472.
[47]JIANG

 

W,LI
 

Y,WEI
 

W,et
 

al.Spleen
 

contributes
 

to
 

re-
straint

 

stress
 

induced
 

hepatocellular
 

carcinoma
 

progres-
sion[J].Int

 

Immunopharmacol,2020,83:106420.
[48]MARCISCANO

 

A
 

E,ANANDASABAPATHY
 

N.The
 

role
 

of
 

dendritic
 

cells
 

in
 

cancer
 

and
 

anti-tumor
 

immunity
[J].Semin

 

Immunol,2021,52:101481.
[49]POWELL

 

N
 

D,BAILEY
 

M
 

T,MAYS
 

J
 

W,et
 

al.Repeat-
ed

 

social
 

defeat
 

activates
 

dendritic
 

cells
 

and
 

enhances
 

Toll-like
 

receptor
 

dependent
 

cytokine
 

secretion[J].Brain
 

Behav
 

Immun,2009,23(2):225-231.
[50]WU

 

K
 

Y,LIN
 

K
 

J,LI
 

X
 

Y,et
 

al.Redefining
 

tumor-asso-
ciated

 

macrophage
 

subpopulations
 

and
 

functions
 

in
 

the
 

tumor
 

microenvironment[J].Front
 

Immunol,2020,11:

1731.
[51]WANG

 

X,ZHANG
 

L,ZHOU
 

Y,et
 

al.Chronic
 

stress
 

ex-
acerbates

 

the
 

immunosuppressive
 

microenvironment
 

and
 

progression
 

of
 

gliomas
 

by
 

reducing
 

secretion
 

of
 

CCL3
[J].Cancer

 

Immunol
 

Res,2024,12(5):516-529.
[52]钟悦,王志宇,郑轶枫,等.基于“肝-脾”代谢免疫对话探

究慢性心理应激调控肿瘤微环境的科学内涵[J].中华中

医药学刊,2024,42(10):99-103.
[53]张兆洲,王炎.聚焦中医情志致病理论:中医药调节情志

应激防治恶性肿瘤复发转移的优势与展望[J].上海中医

药杂志,2023,57(6):1-5.
[54]王浩,王少贤.慢性心理应激肝郁脾虚证与微生物-脑-肠

轴相关性及逍遥散干预机制研究进展[J].中国实验方剂

学杂志,2020,26(24):193-200.
[55]郑轶枫,詹丹丹,洪时萃,等.四逆散调节糖酵解抑制慢性

心理应激介导乳腺癌进展的作用机制研究[J].中医肿瘤

学杂志,2022,4(5):50-59.

(收稿日期:2025-06-04 修回日期:2025-10-22)

·647· 现代医药卫生2026年4月第42卷第4期 J
 

Mod
 

Med
 

Health,April
 

2026,Vol.42,No.4


