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HEANHL. 2540 6L K 40 (spermatogonia, Sg), HIZLHT -4 s
(primary spermatocytes, PSc), YRk H:4lfifl(secondary spermatocytes,
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Figurel (Color online) Testicular structure. The testisis constituted of
seminiferous tubules and interstitial spaces. Spermatogenesis occurs
within the seminiferous tubules, which are formed by peritubular myoid
cells (PMC), Sertoli cells and different stages of spermatogenic cells.
Spermatogenic cells include spermatogonia (Sg), primary spermatocytes
(Psc), secondary spermatocytes (SSc), round spermatids (RS) and elon-
gating spermatids (ES). The blood-testis barrier (BTB) is formed by
several adhesion molecules between two Sertoli cells near the basal
membrane of the Seminiferous tubules. The interstitial spaces are com-
posed of Leydig cells and certain immune cells, including macrophages
(Mg), T lymphocytes (T) and dendritic cells (DC). Blood vessels (BV)
are also located in the interstitial spaces
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Figure 2 (Color online) TAM receptors and ligands. TAM receptors contain three members: Tyro3, Axl and Mer. They possess similar structure.
Gasb and ProS are common ligands of TAM receptors. 1g-like domains at extracellular N-terminal of TAM receptors bind to C-terminal of Gas6 and
ProS, thus activating TK and initiating intracellular signaling pathways. TAM signaling regulates various biological functions, including cell prolifera-

tion, innate immune response, and phagocytosis of apoptotic cells
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Figure 3 (Color online) Role of TAM receptors in Sertoli cells. TAM receptors play two functions in Sertoli cells: (i) TAM receptors facilitate
phagocytosis of apoptotic germ cells and residual bodies by Sertoli cells, which can be recycled as energy sources. (ii) TAM negatively regulate
Toll-like receptor (TLR) signaling. TAM signaling induces expression of suppressor of cytokine signaling 1/3 (SOCSL1/3), which inhibit MyD88-and

TRIF-dependent signaling pathways
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¥4 fk A -1 (monocyte chemotactic protein-1,
MCP-1) i) #3558 THi; BTBZ 4, 3724 A B ik,
KA EF R 2 820 [HAETEERE, TAMT
N B SR SR R AT Z S, AR
Ka AN = A R AR AR, TR AR A i 2. %
TFTAM™™ Sertoli 41l it 75 Wt BE 1 R AIK, AN il Bk K i
o3 %) 5% A 5 9 T 00 i T R R P R AR, 0 Sertoli
AP A TLR, V557 A4 e R PY. ik, TAM/



iE R

Gas6 £ 4t Al LA i 52 AL 40 Ml b TLRJS 2l B [ 47 50922
IVENITE SR RS IR RSP

2.5 TAMSZAUEYI A RS AR S ps it 52

B T )R S e M ML, X S B A e T
Z WA AR, TAMZIRE B TR AR5
St AAB A A BRI 52, S TAM7ZNEUR A, A
FMer S R G BR (AM )N AT LLE# A, IR H
KPR B R ALK, SR, AMT N RN S
¥ M B s T 52 L & (experimental  autoimmune
orchitis, EAO) LU, FRIHAXIFIMerZ: 518574
5 0 A P G 38 Tird 52 P29, ) R A K 20 i G 328 WG 7
KWy, S EEAO, HISEWISE A B s vk
FU A (1 FAIL A 2O R P A A T D — YR e g
AM /N BRUEI TS 5 5 E I EAO, B L I A0 it
Tk g0, T & AEZH, BTBZH#, Jfr=4:
B B HAARPS, %A 5 Mer /N BB T AR ] s, B
FE AR B B EAO, — IR B B A /N RS B 5 S EAO.
X e gE R, AxIFIMer AT LB ] 8 55 5 £ 48Rt
ARSI A SRR 2. SR, AXIFIMerfEdt
5326 2L 200 i (R 2 LR 20 B A e 4 ) P R 2. 3T
AXIFT M er 5 A5 5 200 10 114) G2 338 Tiid 32 AL T 75 B A F
5%, AT E— 7R 2R G0 e R T 3% A 2 R SR L A
AR AT EE.

26 HYRIEBILR

H 5 Ry 2R e —FE R E, TR BN
ANFE, HmHEHLH A EAOR B k4T T )12 By BT
52128 EAOZE B g G i 40 i 30 A A B A0 B Ak, 3R
T P 28 40 5 B Ok W AT, W AT s i K
B RIEN T, fFETNF-aflIL-6, XN T iFS
ARG AR R P T80 EAOW AT B A R, S
PUAERE MR B ok A, T E A F R
71 BARBUORS FHUARRIG IR BB AT BNz —,
A SR EILREANRPRADI, ATaeRhT
il 2 K5 i 0912 W 6 A i AR Al 13X — R Y kAR R
Yoo B B AR PR B Bk, TR kX
— PRSI, A O E IE T R I T TH AR

3 PRRE#hM S AN fre %

A 9 R G0F I PRRIEGN AW, I 2 i
WA A Y IR PRRIE T — 2R 5%, 7T

DL G0 ) 1 PR ST a3 e D AR DG AR =K g
(pathogen-associated molecular pattern, PAMP). PRR
PEPAMPEIR J5, Ja s A e 22, I a] 19 3k 7%
PEGRE, SR ARURUE )Y B SRR AL Y. H R E
ZRMEZANPRRIEZE R, MR ZHEFETLR, 1
¥ S I (retinoic acid-inducible gene T,
RIG- [ )FEZ R (RIG- T -like receptor, RLR)LL &ZDNA
JEAZ 75N, PRRUT 21 AR [ (15 53 6 (71 4).

EFLEY T, B4k MISFHTLRALL, B8
TEBAEA, AT N AR . TLRAT LIR
S22 R AE W) (B S A T L e 2 L S a7 A L) I PAMP.
TLR{5 5 38 o #4776 #% K F-xB (nuclear factor kappa
B, NF-xB). i 1-1 (activate protein-1, AP-1)#ll
T2 A F (interferon regulatory factor, IRF)i%
54 E N T AR 31 & (interferons, IFN-o5 1FN-B)
(774 . RLRFE R FERIG- T F1EE (5 298 b M e 3t
J&. 5 (melanoma differentiation-associated antigen 5,
MDAS) B 51 . RIG-1HIMDASHA] LLH 516 2 Y 3L
HERNA (dsRNA), Jf-il i s T3 R i sh 7 R A
F-1 (IFN-B promoter stimulator-1, IPS-1)i75 5[4 $it
W RE N BA. ITAESK, KB T Z R4 N DNAJR %
#r, f1$5p204, cCGMP-AMPA A%, & A 10T LA
B AN BDNA, 38 o T 3 JE KR 1 (stimul ator
of IFN gene, STING){5 51l #% i3 2 [&1 45ty 1y 2419,
IPS-1 71 STING:H [ # 7% IRF3, % 5 18 T & 1%
ik, IFN-ofIFEN-BHITE R R IBZ IR, X
SEHTE 75 AR AT LAIE 2k AN ] A0 AL T HRAE AR 0 B
Ji [T B 2 SR A FE EEAIL A B

3.1 TLRAESertolignfurh i shfig

I A TLRE ] J2 76 /) B Sertol i 41 g & 28
. RiccioliZs AP 478 /)N iR Sertoli 40 i 6 5 TLR2,
TLR4, TLR5 5 TLR6[MRNA, X% TLR25 TLR5/Y )
REdEAT THFSE. RITLR25 TL RS BCAK 7T 3 3%
NF-xB, % S#LH FMCP-15 Zi [l % H1CAM-17E
Sertoligfi ffi HH & iA. Bl J5 /ERNA S 8 A /K FAE SZ /0 R
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Figure4 (Color online) PRR signaing pathways. TLR, RLR (RIG-I/MDAJS5) and DNA sensors are three well-known PRR families. TLR are located
on celular and endosomal membranes. TLR initiate MyD88- or TRIF-dependent signaling pathways, thereby inducing the expression of
pro-inflammatory cytokines, chemokines and interferons through the activation of NF-xB, AP-1 or IRF3. RLR and DNA sensors are located in cyto-
plasm. These cytosolic PRR recognize dsRNA and DNA of pathogens and induce type 1 IFNs (IFN-a and IFN-B) through IPS-1- and STING-dependent
signaling pathways. Type 1 IFNsinduce antiviral protein expression in infected cells to counteract invading viruses
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I Y0879 PR 55 A 50 45 T Y 1 R . RUB RS R A
MDAS, dsRNAGHE i3 #47% MDASTE 51 417 5[5 Kb
240 B P A B 7 S g P,

NIl 1, 75 JE Ht (Toxoplasma gondii)5 Jk 1 B 1k
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Testicular immunomodulation and or chitis: Roles of Tyro3/
AxI/Mer receptor tyrosine kinases and pattern recognition
receptors
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Human infertility affects approximately 15% of couples at reproductive age worldwide. Male factors contribute up to
45% of infertility cases. Inflammatory conditions in the male genital system are responsible for about 10% of male
infertility in developed countries, and the incidence of immunological infertility can be considerably higher in devel oping
countries where medical cares and environment conditions are poor. In particular, immunological disorders in the testis
freguently cause infertility because it is a organ where spermatogenesis carries out.

The testis possesses a special immune environment because of its immunoprivileged status and innate immune system.
Testicular immune privilege is essentia for the protection of male germ cells from detrimental immune responses,
whereas the local innate immune system plays a crucial role in the testicular defense against microbial infections. Most of
testicular cells are involved in the regulation of testicular immune homeostasis. Disruption of testicular immune
homeostasis may result in orchitis, one aetiological factor of male infertility. Multiple mechanisms cooperatively regulate
testicular immune homeostasis. Recent studies have revealed important roles of Tyro3/AxI/Mer (TAM) receptor tyrosine
kinases and pattern recognition receptors (PRRS) in regulating testicular immune environment.

TAM receptors belong to one subfamily of receptor tyrosine kinases. The product of growth arrest-specific gene 6
(Gasb) is common ligand of TAM receptors. TAM and Gas6 are expressed in the testis. TAM triple knockout mice are
male sterile and develop autoimmune orchitis. TAM receptors regulate testicular immune homeostasis via three
mechanisms: (i) PRR-initiated innate immune responses in Sertoli and Leydig cells are inhibited by TAM/Gas6 signaling,
which reduce inflammatory cytokine production in the testis; (ii) TAM receptors promote phagocytosis of apoptotic germ
cells by Sertoli cells. The phagocytic clearance of apoptotic germ cells by Sertoli cells can remove germ cell antigens,
thereby preventing endogenous immune response; (iii) TAM receptors favor systemic immune tolerance to male germ
cells. Experimental autoimmune orchitis (EAO) is a testis-specific autoimmune inflammation in rodent animals after
immunization with male germ cell antigens. Axl and Mer double knockout mice are susceptible to EAO induction,
suggesting Axl and Mer cooperatively regulate the systemic immune tolerance to male germ cell antigens.

Although the testis is an immunoprivileged organ, it can be infected by a broad spectrum of microbia pathogens.
However, the testis usually recovers from microbia infections without evident inflammatory response, suggesting that
the testis adopts an effective local innate defense system against invading microorganisms. Recognition of microbia
pathogens by PRRs initiates innate immune responses, which is the first line of the host defense against invading
microbes. Several subfamilies of PRRs are expressed in the testis. In particularly, major testicular cells, including Sertoli,
Leydig, and male germ cells, express various PRRs. PRRs can be activated in testicular cells by pathogen molecular
patterns, thereby initiating innate immune responses. These observations indicate that testicular cells are equipped with
innate immune machinery and may be involved in the testicular defense against microbial infections. This article
describes role of TAM receptors and PRRs in regulating immune environment in the testis, and speculates aspects of
which need priorizing in future investigation.

testicular immunity, Tyro3/AxI/Mer receptor, pattern recognition receptor, orchitis, male infertility
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