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Abstract

Key words

Plasma cell mastitis (PCM) is a type of non-lactational mastitis characterized by dilated mammary ducts
and plasma cell infiltration as its main pathological features. The etiology of PCM remains unclear, and
current treatments, including antibiotics, anti-tuberculosis drugs, hormones, and surgery, have shown
limited efficacy. These treatments often result in significant physical and mental damage to female
patients due to drug side effects, postoperative disfigurement, and recurrences. It is crucial to further
investigate the pathogenesis of PCM to develop precise and effective treatments and reduce recurrence
rates. Most scholars believe that the accumulation and leakage of fatty substances within the mammary
ducts lead to chemical irritation and immune responses around the ducts, resulting in the infiltration of
various inflammatory cells. The accumulation of mammary duct secretions may be related to abnormal
material exchange in mammary duct epithelial cells, ultimately causing epithelial cell necrosis.
Substance exchange channels facilitate the transfer of materials between cells while maintaining
homeostasis in the internal environment. Recent studies indicate that these channels are closely related to
inflammation and immunity. Ion channels are involved in physiological and pathological responses in the
mammary gland through mechanisms such as regulating ion-water balance and initiating immune
responses. The mechanosensitive ion channel Piezol acts as a force sensor in chronic inflammation
associated with mechanical force. Exploring how mechanical injury and a firm environment induce the
secretion of pro-inflammatory factors and the migration of inflammatory cells may provide insights into
the local inflammatory response in PCM following trauma. Aquaporins (AQPs) dynamically regulate
water and solute transport. The rapid swelling and liquefaction of local PCM lesions might result from
fast water flow changes mediated by AQPs and inflammation involving both innate and adaptive
immunity. Some AQPs exhibiting a glycerol transport capacity play roles in lipolysis and lipid
deposition, offering insights into the accumulation of lipid-like secretions in PCM ducts. Extracellular
vesicles (EVs) encapsulate and transport various biomolecules, protecting them from degradation in
harsh extracellular environments and facilitating short- and long-distance communication. When
carrying pro-inflammatory content, EVs can spread destructive inflammation, explaining the PCM breast
accompanied by systemic inflammatory reactions such as fever, cough, and erythema nodosum of the
lower limbs. PCM patients exhibit secretion accumulation in the ducts, significant ductal dilation, and
extensive inflammatory cell infiltration around the ducts. Abscesses containing a large number of
necrotic cells and tissue debris can lead to fistula formation if treatment is delayed and the condition
persists. This paper explores the pathogenesis of PCM from the perspective of substance exchange
channel disorders, including ion channels, AQPs, and EVs, aiming to provide new insights for future
research on key pathological mechanisms and intervention targets in PCM.
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W40 kL IR R (plasma cell mastitis, PCM)
IR RIS, LTI, M. 0 kTl k
W MBE SN EEGEAR, FLRSEY K. KA
2y T2 B R A FL D RSN, XTAR
FUS AR RFLIR A . SR SEY KIES, R T
30~40 2 1Y AE M FL I Y, FLIR B E YTk S PCM
R R, 50 LSS R LA B i
oSS R PN $ N AU E i S AR L
WRTFEN, HHRITER, REA@E LK
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AW BB T8 18 (ion channels of biomembrane ,
ICB) Z&FICHLE T Bt shiz M py @k, &1
T E AR HE A O R TR, AT R 2K R
HL PR TG A 0 SR, R T A T sz T R A Y A5
MENE 5 (Na*) . HE T (C™) . ABT (C)
A — SR B S - (KY) JlIE s 57— ks
Ypis A i aE , BRSE AL ) 5 R E A2 AR ELAE
([RGB B= N (W TR - % S BN =
WGEIE, Ca™ Gk Kl IE S . HAT X R M T AN
U1 O ' < T = VI (1 1/ N 1< s -
(aquaporins, AQP) BB ¥ HL MY iz 4 77 X, A
20 i A S VAR R — OB B A T 1 3 o A
KM, BB B EEAE L T AR
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FUMFLIR W) B e 4 A 52 i OFSE . B AR
FLIFL R 5 R0 M DL ZE g n 2L s b ik . FL 5 IR
DR 7 S S D R I UR )l -
LR BB AL B, W B S 4l 1 A AR F AR S
A T B A, ARSCNE T IE . AQP A
0 it A 2E Y (extracellular vesicles, EV) Z&¥) ki 3¢
f0 38 18 P B 20 PCM Y BIF 58 E S AT 0 4, LA R
PCM & i AL il B9F 5 4 (7 0 B 50 S 8%
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W ZFALE S 5 IR R, HEk 2 AEFLR
N PR | S RGN N O iF PSS o /T ¢
AT, B E ] DR L, L
i AR 5 B35 % R (osmotic pressure, OP) 454 Fl
s o AL W E AR, FLIR b
Na®, K*H1 CI™ 4 H Ak~ s B A7 200 Ji P A 0 1 A8
WY (FEFLBR w2300 fRFefd, X2
38 2o o7 T i A ) Na™K* 1 Na™=K*~C1” /3 [7]
FEia BB A SE LAY, 3 Na'-K—Cl- B [A] % 32 2 11 1)
YERT, CIT 7 20 M A A BR SR 2  1 F0 /K Gl e 90 fBE 5
WY SR BN Ty o IF H AT ok mOU 4 8 e R TR
MW Na® o K CI R L4 45 ¥ JoT 3 30 20 AR B
I o5 2618 I At B A Gs . R EPVR B, RAE T
DL i 5K 8l 2 5 FOK §% 5z 1E F g LR (8] 5 A A% 2
ZUA0 M A b i, XA B R 1 K R R RE R B
T M REZ BRIAE T . MOk 2 A R %
B, B 7B TR R A KR RIS S
LT, Blan,  Ca® 2 Uk B S B 5 41 i i g I8
R F o (tumor necrosis factor o, TNF-«) 3 W DA
K AFWEAE I E 058 AR . A R
Ca™ MU A 2 S BOBUWUREL | 0 9 JHe IR IR0 — A% 1 IR
W 8 (nicotinamide adenine dinucleotide phosphate ,
NADPH) 48 Al i 015 DL S PR 480 7 Ak iRk
W, FEE I FE R EERY T, EWI
Ji% b Bz 4f Mg rP 8% 2 # E l GH TRPV6  (transient
receptor potential vanilloid 6, TRPV6 ) Y e 2 5 B
bR AR = AR S R R, FE, %
0 A 2 2 R A0 b 8 R O Y B e T,
5 22 o S E A4 9 18 5 b &2 4 AR HIM. TRPV6 L)k
JIMHE M T AR Tk, Bt W] DB R L e R A 2
b B v Y AR A B 45 E TRPVG = Rk T R FEAEH .
DL 2R 7R, AU 55 14 A W ) B A G Ay
fith S -5 | R 400 B A A 5 B i AR A AR

Br 7 AL BB 22 A0, FUAR b R A0 Lk A A T
SR BRER SR v, B I T AT LAY Bl Y 20 21
Zikg AT ne . A s s & PCM F WL fE B R Z
—, WEZERERWEZ FE S LE. NHESER
TS AU Y BLEL B A Bk, ik R A BH A A A B
JE N o HUAR U B 130 8 Piezol J2 1T 4F 2K #A R
WFE NS, % B IF O AR Ca™ . K F Nat 55 55
FARW B, JRENLAE T A e, i an
BHBEAK ., W, T WEmE T 2f
WFFER B, Piezol 18 18 15 g HILAK 3 AH A8 14 48
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W) AR AR, Piezol 3 3E 19 0TS 25 fi & i A1 Ca*
PN I D Ca™ DA 3t HR B O T e 3 AR AE (R 5 o W)
i, Piezol i 18 A AX W] LLBCHIHLAK J) JF 51 & R AE
b BRI K R AU R iR AL D A, 25
P [ A SR A S ok ML A T SR A R
W, AN TR g 51 R Y 28 RE H AT AN [ 74 5 234 3
TEFRM L — R U, X A it A IR M A AL A
JIEE, BR T BB HLBOI RO Ah, BT 8 2
S0 N S A A8 DR O o S T B T . AR AT
—J7 S BRIRJE AL LA, 55— J7 B IR OE W 4
21 TR JAE N 5 VL SU 7 W) T L A
AR D T RO, RAE R A AN 2, R
iE e Sy M M B R L Y S DR T O, )R
A8 2% 28 1 6 B AR MO Ak S o 22 I S 5 1R
11187 SO 1= 7187 ) 11 = R R S TR w1
EREG I B AE AL, K BB i A R S A AR Y
AFEI I FHL, UGG

WEFE ISR, BILAA S g Tl A BT Y i e ik
PCM 11 % A Je % Je , JE i L 00 2L R AR 1 B 2 1 3
BAREEA M. T, BkCL 4t . 4 i N+
85 o Piezol 3 18 5 P 40 i D 8 2 A) A7 A6 36 B A AT
SPRER R . TEE R A, Piezol 38 38 1 P 23 Bl
L PR 3 K R A 05 200 BV 1, O 00 A0 i A Ak 2 AR R
it S W, Piezol 38 18 . J2 L 1k 240 M A B A AL AR A%
SRR T 1 o UL B 25 20 M SR 2 TA] A IE S 45 T
e E W A B R RE ST Y. FE B AZ AN R, Piezol
I TE AR S S ML ), AR S b R A0 T R
Jifi 748 4 £ AR BB G RR LT iE A B PO R
Piezol Jil 18 % [ B A% 20 LA B BT UI R g, i B AR 20
Jf 3 B B A O K L RAEAR R RIL L R
B RE ) A A WG M . T A0 52K (T cell receptor,
TCR) X FEHALMAENEE EWH T (peptide-
loaded MHC molecules, pMHC) I+ A9 $t 5 ik A9 3 51
FR Uie 455 16 5 175 S M B0 o 76 TCR-pMHC A
HAEF SR, Piezol 38 18 1 G 8 28 fil o 72 24 Ll
LB L A L fEL 38 2o i R R 22 B Piezol i 38 7
T ARG 5E . R iz Bl A0 T 40 A Ak T TE A 2
W B Piezol 3H 8 VT LA 1 30 T U 5 0
FIIF R Al N B B B AE T VAl A8 . B 40 i
S 40 B B 5 B 42 F 1 (intercellular adhesion
molecule 1, TICAM-1) A= & ALK 71 5 ¥ 5 1
VG o f) A B U0 3 B TR R, LR A e
Jo3 R 5K 7 I BT LA BEURR ) B B 5 38 T8 Piezol . X

S EOE I A Ca™ B 1 ¥ B2 1Y I IF 30 R W A5 5
1, 05 % R TR BB N9 (tyrosine kinases sarcoma,
SRC) Fl%E W& 2 FR L 2 (protein tyrosine kinase 2,
PYK2) DL K WLBkE B2 n wime b, Mm-S Bl
IR BT IF.

2 AQPHIHLFI K7 PCM _ERYFRIE

0B A7 AE AQP,  — B A Sk 4H B P A1 B K
a3 2 AR SR 800 O 2% o U B 40 B R Y
1L 210 J 85 A XU R 240 B A, AR ik LA BT B 9 1O fi
T 5 S A1 it 7 AIC 1B R TP R K Bl B M . e
JIEL B P B 58 ) 5T K A i s 5 S AN BB R 4 X A3 O
K BT DL R H A AR A — M B i X R W
4 s 200 MBS o L2 20 B A= i T B 8 T A R R
P i 0T 3K 26 B o AT bR i AR e, R AR AR
B, 7K 43 15 0 A i B A DR SR A e T L3 ot A e
i AQP SE B, H AT AE NS4 i rh 2 & Bk
/D135 AQP, ¥y EAT BB MR K A iE
M RE TR, o A as N R R BT, o
MAIRER . AP, AQP REAAETR, B
B ISR AR E T, AR E . WK AR
AR

AQPL., 3MSETENLILBAL PP LM, B
(20 2 I3 7 o/ R a2 o (2 R = (VS U
LR R W] AQPL FI AQP3 £ 1 L A7 78 T 1 fj 7L 1Y)
AT 4L AQPL 43 48 1 T 41 1ML %5 /D i
Jok VA3 1z 240 6 1) T R 5 JEC A0 S Hh, oK KM I YR
e B 3 ) o 25 ] R HEAE FH o 1 AQP3 A3 T iR v 1
SN 3 i T S WD /N S VA e
A TR] J5E I e B 3] 4 Jf o rh ), sk S S5 LRI, AQP
FEAE T 0 LI By 2L L JF AT A8 i AE 2L v i
ALk S8 R AN HE R R R . A
J5T R O R R A B T WK 2 5 R FLT K g
it FLIRAE N ANARFR IR B S0 0 W,
VAT K RS TR B e as ARG B R T i B Tl
. OAQP (B MATIFBOCHPIRAS) Ll & OP &1
AR YE . B E AL E A S
iz i B A AR AT DA RS T EE AL E A
WM, Dhol s OP R AR 2 . 4442 i v] B vb &
PR AL . B2, AQP £ M 4k 1 JE [ K i kB
FBY o F i U oK B E . ik, AQP I
TR LA A . Flan, MEMERASNIE N
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B 40 L AQPT 1Y 2 3k 728 Ak ml 3 5 4 2L I 30
AQP hy 7K 1 H: At AN s v 1 A4 PR A% Bl i 43 0
PESLBR, o b AN [A) A 4 I O 7 4 A B0
(cell volume regulation , CVR) m KH4EMEHPY, AQPI
AL LA bR S e i Bl g o, O A fik 2 AN A
PR J7 T R 45 O SRR T, 35K o 240 T i) 7 e ik 7]
0K N AR B U S Bl ¢ L 2 i DR Z R T 97
B SEMEFL A5 AR, PCM 2 2 28 48 B R
e, LD WAk . B, FERERER
e Jie B — RCZ AL B, A bR p SE g, AQP
| R P K G A Ak T B0 A1 B E] 5K i T R
HAHRE S

AQP1 1 AQP3 3 £ 52 W H W 40 J AR FR, = 5
L5 200 3 % R A I AR A G O IR S R R
AR DIRE, EWEAR My i e (MO) Rt fl (M1
FIM2) CIRZS, AQPT I i 10 il 22 24 JEUH 25 11 i g
( mitogen-activated protein kinases, MAPK ) ONE Sk
il M1 B ARt I A BE RN BE 3 BE
( phosphatidylinositol 3-kinase, PI3K) A& #i 4 AL i 42
HEM2 B AETT o M2 B W A0 M2 5 0 2 18
ORI difb, M2 B 20 Y 4 2L 3R 5k T RE B
PCM 20 U5 K A7 78 K RAE T SE A K. AQP3 i
F R4 B N o E AL S Chydrogen peroxide, H,0,) %
RN T kB (nuclear factor kB, NF-kB) 4l Jifi{5
AL TR S 0 B A0 ML B A0 w95, AQP3
0 = TR ER o BEL BT IR 22 B (lipopolysaccharide
LPS) JE st /b 44256 (interleukin 6, IL-6) .
e &4 g W A oan i A R
cytokines interleukin-18, prolL-18) HI TNF- a A9 ;=
A, R AQP3 1] fiE il i Toll #£ 3Z {& 4 (transient
potential receptor 4, TLR4) Z 5 B g0 S shtY
AW LB, TLR2. TLR4 78 I i 3L 10 7L i 22 i
H Y RIRAKOT W T AR 4, $29R5 TLR2
TLR4 T ES 5 T AR LI LR R A KA ke . 2
TLR {2 35 2 1R 40 B JR% e P 250l 2 G A TR 38 38
E e REWUR R R KA, N & E L
WZLIR A, s 2 — D HEFEUESE o il PR 23 BT &
B, PCM S JH I % 72 N T CD3 . CD20. CD68
TR HHBEA XK, CD3, CD20, CD68 /3 Hl;ET. B
IR L 0 N A Y AR R — o I T A
PESRE PR IE I ) — PP S AE AN ML, 5 B WA i A
18 1 S8 o AR R AR ELAE T, S0 B L R T A2 46
VELR AN . T 2L TR AT LA I E) AQP3 L AQP4 B 3

( pro-inflammatory

http://www.zpwz.net

Ko AQP3FE T 4L Al E Wi 40 i [ ik, XFFH#afk
PR 0 0 1 20 B S B8 9T 5 1 L 3l B P 4 M R R e
¥ E S HE . AQP4 7E CD4* A CDS*T 41 ity | 3 ik,
A0 1) BEL T AQP4 4> 5 B KLF2 3 K 6 35k b, Bl
J5 BT T 40 ML AL 09 SC B 1 IR 32 AR R Gk
/BB AQPT . AQP3 . AQP5 B AEIE LAY B 40 i rh A
DE, SR, XA A R AE B 4 Y g i AQP
v A B BT

3 EHEZH-YRIZTHRIEERH &I
PCM#f33

WA 2 WA T 40 M 5 3 1 22 8] 1 M 3 25
BB 0 7 20 i PN S R 40 YL TR Y ) s . EV
LV O A A R AR T, mARE R, R
B OBEBR . AR . RNA R DNART, B 5209 % B
AW . FK L FIT TP A RERIENAAE. —
HRfE & 00 b, BV sk v] DLE o 27 4 - fic 14 4
HAEMIE SR S5, BOE N AA BRI A
R Ik B AN M BT b, DA AR B2 A AR BIDIR S
EV 454 A (exosome, EXO) (50~100 nm) .
I (microvesicles, MV) (100~1 000 nm) . i 7= 4l
it &b % i (apoptotic extracellular vesicles , Apo—EV)
(15 wm) Fl—2EHAb 45 5 WOk . EV IEREHEA A
ENIVE TR e B IR = N N I RN RS 7 a b7 e |
FFE 19 R AR IC O R AR AR DG 2 B
W, EVENEY BARERIEEN, A2k
TR ARAE , I a5 km Ak 4% B M4 B RAE . EV
AR IAE RAE R RE 51 7%, X SR L
fift B PCM FL IR J5 8 R AE 2P B O R R 1%
WK T TR T P LB S IR DL K ]S T G R
22 00000 2L B AN TP i 0 ) DA

PCM ji . ff 45 A4 WL 2 3] 453 1 114 L 1 20 21 b 77
fE K& EXO, EAEERFLRAL P DI, EXO
Je A BN R A5 T 40 i 1) G TR B A R
O H AN 2 R Y oy, AR A fE
RNA (mRNA) . f#/h RNA (miRNA) . fg 5 A1 Al
Y . EXO X4 3 1k 2 F AL i B 52 0K 40 B i,
o 40 L A A T SR R S SRR A ML A S, JRR A
Wk T2 ARG Y R X 2 A W b RHTE
0N E) e A%, EXO W] DL AR R R R B R R AR
615 B o miRNA JZ A I8 1 3F 4 B RNA 43 7, A
EXO 1 Sy 254 52 20 240 A 1] 38 THORT 2R 1 BT AR A L
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S I 1 N A s U 2 i N 7 e g 5
A0 L b miRNA 72 RAE S B Y 8, I R&ZFIE.
NG AE B B A R R R, R AT 4l 8 FR 4% i 40 i
Hb miRNA 7 5 2 240 il b 2 ik, 52 W) f 92 200 Jifd
N R EEE L, BEFL EXO 9 miRNA % & € 38 1§ B
GG B 3 e B A7 T PR AT SE . JF B W FL
199 18] % BR 4 %% AH OC miRNA B @ ik, AFLH i
EXO 7] g 5z We bR AR 5T | AR % R 8E DA KO 28 L AR
FERGA WAL . Wang %1238 13 Xt PCM Al 1E
W 3L R 2H 2L EXO Fe s 40 1 43 A s 22 S AT #
B A5 45 B . BE B L {7 52 /K (transient potential
receptor, TRP) , N & 1FE R, b A FiBE Il 9% 3K 2
AN 1) SRR VDS R S e I (DR R A (B S
S . JF A S0 IR R B EXO AT RES 5 PCM R
(U R S = 2 BV S T2 R /N E R
i 0 i 5 A R AR E PR 1Y 3 6 vh k4% 3 A AT
B AR T o G R A 581 % B PCM AR 35 1LV B 7L R
HAA M RIE N 71 W R b . B T E &
JE N S8 E 1Y O BE A 5038 3 PE Y I 2% HH ELAE D .
A B R ) DL 3 [ VR DL AR A i S B AR R o rh
AT, AT DU RAE IR B A . AT R T
FELT ZRIE T 5 EXO A 56 i 3 208 4 40 i X
F, I-la, IL-1B. IL-6, IL-18, TNF-a., ¥ % 1k
fif—2 (cyclooxygenase 2, COX-2) . Il I A=K B
T (vascular endothelial growth factor, VEGF) . #1k
A F CCL2 (C-C motif chemokine ligand 2, CCL2) &
HE WA B 5 2 b 40 i 2 B 0 0 EXO A G, JFAE
T2 89355 5 A AE 5050 52 18 1 S A4 48 41 i v
Bl EXO X T PCM S AE ST o 0 4l 470 Dt 42 52 55 4
FH AT BE B A AR Sk PCM AL B 58 L2 36 7 B 7 1 1)

SETRR G AEFL IR E HS P EE =
KEEWEN, HALR M EV WA A2 5 7R &
RE 19 S o MV Y 4 IR I AT Be T T B ANIEIR Y
MIZRE . B, A P MV 25 RE i
AR E /N HR B MV FE I B [ b AR
FHEOT, BARZ AN LS e R e RGN — Ay, BT
TE N PG IR AR B2, B TE 3%
B AE 5 5 oA R A0 R SR A i . B
20 23 B B AZ A0 ML 0L (monocytic microparticles ,
mMP) . mMP {14 2 AF FH 32 258 i 14 o Bz 40 i A
o A 200 A0 G o 2T 24 20 B . A A R
LA M) TNF-o . TL-6 01 TL-8 45 {2 % 41 i 5 - i1 7=
Ax A0 M SR AR B SR TR AL o I 3 e o 3R A

(] 266 B0 1 e 3k, A O 92 A M 1) oA B 00 N
B, BT A AR mMP & AT LU 9 E
o ORI Ak DN R A0 B K, SEILP R AR
FH o AH 3k b 25 B3 7 A A Al N7 S 56 o0 8 B A
W TG 25 0 2 mMP 7EAR N B BT R AR T ZE & 50 RAE
FH ) B 77 A2 5B AE R AE 19 5 WA R G5 . Apo-EV &
PR e T LR S5, A DNA, HEH
VA L i A2 77 A 0 A0 LR B o B AT Y TR B —
15 B A2 ML, AT B Ak BT AN M AV A
il 395 P B A0 g T M A e, AT B Uk 2 SN R |
G E RN H B G BE RN i R T A B AN A
45 . W, B S I B4 W — Bl 6L 5 40 i 5T
G5 R B T . 25 I A0 A0 AT 40 A
5l Pl 4 M A1 1)z A A% 3 L S 2 B BT R BRI
S 36 AT DU S O T A0 B A A A, Y
T B B, R A0 A T R A i AR
DL K 5% e g IR S TR A1 U0 RE IV . L R
B R AT LA ZL £ PCM FL AR 54 T B 4 i 3% 30 i
RUA 05 FOE T, G EE A0 M AR R AR S A
B 4 PR R ARz B AR R T MR R AT 1R
B0 BRI, B R Ok AT LA 4k 22 58 3 Apo-EV 7E
PCM 355 B v (9 #H DG A 5% o

4 WRIZH!ESPCM

FEFLIT oy bt AR, FLAR AW 1 A AR
B H S WA AR, DU R 5 A0 A R — b 41 5 ik
o (1) B v DL HE g Al n o s,
WMok . JRE . #ABE . Na*. KHICl, (2) 55K 3k
R AR S iy bl e R LR s e e b g, Il g
Lk VR Ay i B AL, Blanmg e . FLIEE A .
FLBE . iR A . 3) ILit - s As . FLARBK
o — S T AL 4, BIANFLAR . BRI E R E R 2y
Py — SR AR BB (FLARER ) £
FEL A 0 206 200 J6 1 T o 5% o (4) BB AR iz
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