Jbom koo M E % R )

JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES) Vol.50 No.1 Feb. 2018 < 1-

ML A P FIRES TR Y B T-HR

20 4ERF5E

A Sk 1 > 2,3 1 4 %2, 3
ﬁ)t% Aq%l}é’\ 1%{:{’%‘mu ’8 jﬁ& ’y‘\ %

(bt R EEARs - MRS, 1. DRARImANEE, 2. MERIRERIEIE o0

TR s MR G 9=, Jbat

R A BT BRI 5K

100081 ; 3. JbHU KA FAN IS 2 G A Bl SR B F2E R
Jbnt 1001915 4. HARERIR2AM R R ERERER, b

100069)

[REIA] TR MR TR TR AE A s B, B TH e

[FESES] R781.7  [XEIRES] A
doi:10.3969/j. issn. 1671-167X. 2018. 01. 001

R TH RS S ) LA AT 3 AR
PPN, AL AR PR T AL DR L 2 5 1 i ™ B
SO A % T . 1998 AR LI, b U R A7 11 IR 5
[ 2 U RN 1 ES BN 2 | Y i RPN
BB H L, JF e M A8 1k B AT 850 IR A A IR T
iE T AR A A5 11 PR 3K 3 45 45 1 R SIS, B S8
PR A0 BT 285 i % L 803050 , AH L I 4 A
ol AR BIRME , FH R G00T R J3- 14 MR8
AR, A R I Z2 M , N IR RS AR IR AR 1 23
W AT T AR RCR .

1 REYHMELERAR,REBET W TR
ES

AR IRAR LIS TSk R A B RS AL, TR
I ) R AR B R FR A RS S A T 0, ) LA
W 380 e PR MR BT A B o R A M) 2 [m]
LIRS SRR, B0 S B S0 2 X R BKE AR 2T 4
ERESEE, W5 N AU N IR AR AL, W15 )5 B
L B B [ R, R LA, S M T AR S ) X
Mo FATIN IG5 CT KSR FOAR , AR RTHN T
AT IR DK P A2 5 LR T I K- KR A
B o ARPORFTC3 kT HI R AR I
[ 7 K, B« SR K, WL L TS AR 2 5 DI e
Bk, WEEB MRS s IR MR U #5042 i 3 K e 1 1 3R
oK SSRGS I, B 1 T S 2 [ R Bk Y
YRR XS A it 4 1 R SR P A i
Wi B R IR AR A% BOR LSRR Sk KA AT

[XEHS] 1671-167X(2018)01-0001-04

R4 00 R B bk K 350 A0 bk, B SRR AR TR G
MAEE S M & A 2, RS R I IR 1) B 3% 2 34 3]
92.5% "%,

2 RHEAMS TR TEBEHAN, BT IRE
b N=pi=hid

RS T 8T B AR R AR A4, R 5
60% S8 H RS A R A4 2o B2 3 WA i 3 B0H i, W
SN R AR T T, W R T R 2 Ui TR
W TR R AR R L R S
BEA, B S AT R A i kR 4 R G LAIR
AN, HARIFAT , BROBCIR S0 A, S AR ISy 557 1)
VBN TR 23 T 850 IR AR ML AR A T e i 2 ey
TER LI PERR 73 Al T B A AR A 4 0 Bt my 5k
fith b, XP AR R a0 AR AR FR (D g b B AR 5
PR 5 TH i 1 39 191 58 1) 42 AR IR St 1R A T
WUT MR , 28 5 48 [F) 45 14 I B R 60 B A A
ARABCER , B0 T 60 BB AE A AT WY S5 i 2 7H Vi 72
B AR JEAT s VIR TR 1 e il el 81. 8% T B
H30% 00,

3 SERER LRSS —AIRRFR, EHIE
KA PR EIR T EE TIRMARE

AT A 1999 LK SR TR R AE
TRYT 193 Bl 1 211 M EE5E TR, 2R E s ]
Bt 2 — LI RAFFE . 90% F8 35 (A BRI s HL 5
EORFREY . 7E 2014 FFLIRTG ST BB, 163 i)

EE&ME: “+—H" B REH #iH K (2007BANI8BIL) | E % B 4k Bl 2% %k 4 (30730102, 30171016 , 3034006 , 30371545 | 30640093 |
80170847 81470756 81271161 .81170974 30700949 81300893 ) ¥l Supported by the National Key Technology R&D Program for the 11th Five-Year
Plan (2007BAI18B11) and the National Natural Science Foundation of China (30730102, 30171016, 3034006, 30371545, 30640093, 80170847,

81470756, 81271161, 81170974, 30700949, 81300893 )
A Corresponding author’ s e-mail, gyyu@ 263. net

4% HH kiR A 18] :2017-12-19  16:03:28 4% H Ak : hitp . //www. enki. net/kems/detail/11.4691. R.20171219. 1603. 022. html



E| A D NI T S

B W)

©2- JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES) Vol.50 No.1 Feb. 2018

ARIRZE AR LU EREDT, 531X A6 RIRE IR I 208
2 WA R0, T 45 P AR A0 o A T 3H 38, R
FLEHI I . 56. 3% 1 ERE 1A R R AR
B LR L R 87.7% , SEERAE W T AR I
Bt A T IR A A R0ATT T-Br . 7ERL R R I A
eI R b, I F Ak T (g L A
TR BRI T R AR 45 T RIE SR ), R R
TR EE e

4 BREEREERBE T TIRER S BEIIEH,
1R H A TR R A AR i 53 i 9 3R &

TEH R AT i 1Y) 43 32 A2 T R ) A2 il 48 52
e, B JG H T BRAAC R il 22 S, 4 WL el 2
ARG 3 A H A RIS 43 Wi /> ) 9 48 BHLZE
ARG 6 A F AR 53 Wb 2 Wi ke 7, (BER 43 28 35 1R 43 0k
i 2 B AR 2 At ik I R R, AT TR
TV RS T Al N R S WAL 1 FR 5 AR
ROESE, o N TR REAF AR R 430 , A T 4 2 Al
T RRRE ARG YT EAE TR (430 2 T RN B A
4.1 7R PR T 0T BRI s AR
4. 1.1 B SR 0TS BUBUR 2 AR S IR 45 T Al i
SR RATBTFAE A KR AKRT
BT R h AT BRAUR S AR R 8T 1 -0 A
R SRS URB F AT RRE  A fk A
FEE R AR UR PR BRRUR 7 AR UE 52, OIS PR 2 16 B
AP IR I R T RE T L HLIRIAT S HE R S
AR 32 150 3k 18 N4 P Ca® e R 3 s /K 5
EEN TR EEs | R Sk R A B sk
WFFEH 7R occludin JEA4 AT AT IR 55 % 14 49 ) H 2
IREEE A 3 B R L AN AR T 3 B (ex-
tracellular regulated protein kinase, ERK) 1/2 JH{52
AN RAR I B LR ey T 0
4.1.2 GRS AT AR MR I R 1R ok TR AR AR
A NRIBR AR 2 VA 45 R e 1O AN f s T RE Y A D7 I
o ATHWFIELE RAETE, T a0 T A 4t e w] Az i A
SRUBRRERER , 42 I I IR 1 A 2R 1 O ( AMP-
activated protein kinase, AMPK) Ji#5 B & & #E H
claudin-4 22 Z{J% 199 {37 1 (14 W B2 Ak 57 48 i 73 A5,
i HEE S s
4.1.3 /RIS RN BRI SZ A (M 32 4K) &
PR R A T T BRI L BEAE
XM Z AR R ERRE O E SR ERIEAT
fife, BATHIBTFE T 1335 M3 Z K] 2 ERK1/2/
B-arrestin2/ clathrin/ubiquitin 3% 18 T ] 'K %5 & . &
M claudin4 {3535 X040 , B AT 28 MLC2/F-actin &

PR AT R LA N B R E R B claudin-5
A, 2 T 1 o0 LA PR30 a5 1, S e e 3 8 )
ZETRV11 RS S € - 11 1) Y o o O 2 P N I 1 1
I R S L kI U B Ry Rl N TR 0 U
REARTT , 45 01 2 5 1 A AR A i i (A U] B2 3t A B
7R TG R
4.2 Higgfe b2 B SR Sl R
A B R R BT AT JiR 3 WA 5 (1 EE AL A

TE AU R AR A A AR o, RIS AR
M S AR RIBAUR 52 A5 1 2B K W SR FEAIR, 52 14
JE AR5 B D REI ] o 209 25 T EL AR BRI BRARCR
SRS AT R A A2 A B ek D R A 2
G KA AR IR
BUIH i ) (8 A S A T rp , M3 2 (A i s
ERK WML 2 F-actin FHES 5 T BAR IR 1A 73
DTSR D) | P OF 7 25c N, Xt N7 U Bt s AE D i
O, BIR T RSN 0 0 WA 1 AR ) L A R
B R R A B P T A R R K 3 R
DEAHLAR " SRR R T 2SI I 2 A T
DA Rz S A2 A5 S R T B AR AR 0 U 5
AT EIHLH], A I RS AL IR A Y 2> WA B T
SERR LR, B T LS MR B i e AR O A R
T B W SR

5 GIERFRHEBETHM RS BHER

FRATR LA B2 2 X o Ltk I 53 285 1 s
FHF UG IR , 6 URARIE” S BRTH i B A 1 F i
SIAIHEAT N R, IS T AR I AR
5.1 PR ORI BB R O I8 05 T 25 1)
I R HL I

MRS, FRATTHR A ORI 45 T URR
T IR A B A 2 2 Heh O IR
TRAEFE A I AR e IR 18T, 5 VA T 28 4, 25300
BE BATTE RN N 24, (R AR DR — o 1Y
FRgebE sy, R CL IR ISR, ol s AR 70 IR IR
(i) DT 53, A 380 S 48 P e VR PR AR T L
Fho XTI BRBBAEAR S 115 51 58 5 i 128 ) £ R
IBEDT 45 R o, BCG T 25 W35 8t & T B AE AR A
i AR e R EHEM E AR h 18.18% [ =
6.25% %7
5.2 HEHASPEIHS B IA 16 RS

FRATTNT 2 e BB SZ A0 ) 550 BT it BE W A 7 1
PR B 0 G K, IR T I R B AR
WA Bon  BoAE N F R A R R 2 )5 , 7
s TH R I, B AT I8 4R L AR



>

Db, E B BT 8T IR AIA YT AR T IR 20 4ERF

)

IHERRE2Y 3 ~5 b 3B & Frh B G A . RA
A TP T RE SR AL RS AR IR MR iR TR 8, T A R0 i
WEAEAR  VEFAHESE 3 ~6 AL fEM LAY L R4
HET T AU BRRSAEA S TH % B IR i R R -
(1) X FHRARFRR D BE LT A A W7 i] BE i L™
HH W AR SRR R AT IR AR 5 (2) X T
Fif L FRIGECIR 25 T 42 HE BRI 8 JH e ™ 3, R A A
JIRAAER I3 HIBA 5 (3) X T 45 1 il T o s 3l
A G BT & A A B A 2R 55
NG AR BERE , Horh A 7Y PR 3 75 R AR I —
O A= TR, BTG BEIE H 5 T, 71
BRI W 5 (4) X T U B gl 51 &
(9 HLEsPETHUR " & , S P BTG S

6 EIi2IRBMEMEESEBETW FREMNFTRA

6.1 LIS PERH ZEMERL R T a0 T R 28 1 5 0 HE
iz Wrin i

TR R DR > W R e D
TR0 , BRI S 52 b K, A L 38 A B e 4
RHZE , B M IR O 2o TR . TR AT 38 o 5 4 1 SE 56 f
5%, B O B 2= Sl Ry S PN R Y Y B RS R R
i 240 T2 V), S R L TR A O S el YR AR 1)
SR TS RHZE R AE T AT B AR B A
FEHIE TISWibriE: (1) 1% 2 K A 1k 55 5% R 14
W5 (2) WA B A2 B ik, G /0 T 28 0 1 2 6, o 3k
BRAR ST WAAS S T 5 (3) B K Schirmer 55 <3 mm;
(4) BB R 5 s £ AN Y7k, 161 4
B 174 MFSAE B4R B I PR 20 B B, IR B
RN 9.3% ,ARJFEM A 1.3% 7,
6.2 FEN IFM A AR IR I T RE R T i

TR TH 5306 32t 38 5 >R ] Schirmer 3055, {Hiz
SN IR FREAE T W0 R 0 53 W 7= AR 2 R
SRS I B VR R . AT A 39 MRS A R IR A
FE. 2 Bl | I RN IR A B AR AR 43 W B A E
JE, {7 P B B A5 IR S R A 9 B Schirmer
TREGH AR, B2 T XRS5 I 40 M6 30 R G 4
A5 ROERR L
6.3  FEN B TR BRI 2 W R

M A T AR MR A A Y, AT T
WS PARRE , AR 1 IEH M P ZE M RAERE T #
FE AT B3 5 2R B, VR 8 VE R ZEVE RS A T A
TR EERE ML WbR iz —
6.4 ENISPERAE TR IR R AT R

XTH 12 R 18 1 R ZE PR RS AR T ail T i 5 A S,
FRPE IR 4 3 Ak 2 7 AT AR AR (1)

SRAL A 00 AT T B ) 2, £ 8 AT o
Ut SRR IR BRABCGR R IR R EL IR AT, TR AR
Wo-RAE W NENG I, BB B B2 (2) S M
e BHIERALNLT 8 1 W5 B Ja VIBRRILZE iy 8
F R S E RO TS BERAE; (3) I
T AT S P B SRR Y R
e e DIBR B 28 B S A, VIO ik, 847 98 1
&

TR FE AR AR R R AN B AT A IR
ERSAR R M FCT AR A5 BRAS A AR AT B Y S A,
TP B A S5 B AR R AR (9 3 R 0 I
I R v R AR T TR O

i AR R K A AR A e 0 & L
SO R 5 DA BRI 14 T 1A S BRI 41 4R 3
E T REHE MR H SR .)

S 30k

[ 1] SuJZ, Yu HK, Sun ZP, et al. Impact of computed tomographic
venography on donor selection in submandibular gland transplanta-
tion in patients with severe dry eye [ J]. J Craniomaxillofac Surg,
2017, 45(10) ; 1692 —1697.

[ 2] YuGY, Zhu ZH, Mao C, et al. Microvascular autologous sub-
mandibular gland transfer in severe cases of keratoconjunctivitis
sicca [ J]. Int J Oral Maxillofac Surg, 2004, 33(3) . 235 —239.

[ 3] Sieg P, Geerling G, Kosmehl H, et al. Microvascular submandi-
bular gland transfer for severe cases of kerotaconjunctivitis sicca
[J]. Plast Recons Surg, 2000, 106(3) ; 554 - 560.

[ 4] XuH, Mao C, Liu JM, et al. Microanatomic study of the vascular
and duct system of the submandibular gland [ J]. J Oral Maxillofac
Surg, 2011, 69(4) . 1103 -1107.

[ 5] GeXY, YuGY, Fu], et al. An experimental study of the ma-
nagement of severe keratoconjunctivitis sicca with autologous re-
duced-sized submandibular gland transplantation [ J]. Br J Oral
Maxillofac Surg, 2012, 50(6) : 562 —566.

[ 6] QinJ, Zhang L, Cai ZG, et al, Microvascular autologous trans-
plantation of partial submandibular gland for severe keratoconjunc-
tivitis sicca [ J]. BrJ Ophthalomol, 2013, 97(9) ; 1123 —1128.

[ 7] MBS BRAS TR T TAE A1 45 BT AE WF 52 00 H 41
AR ERGIN BRI YT TRE M 25 IR T e 4 [J].
BRIk , 2010, 45(7) : 391 -393.

[ 81 MG, ikHe, e, 4. WOGHUER AL a5 T 60T o
WHHER [J]. AERTRFFMR (B4R , 2015, 47(1) 2 8 -
12.

[ 9] Zhang Y, Xiang B, Li YM, et al. Expression and characteristics
of vanilloid receptor 1 in the rabbit submandibular gland [ J]. Bio-
chem Biophysic Res Commun, 2006, 345(1) : 467 —473.

[10] Ding QW, Zhang Y, Wang Y, et al. Functional vanilloid recep-
tor-1 in human submandibular glands [ J]. J Dent Res, 2010, 89
(7): 711 =716.

[11] Wang Y, Wang Z, Yu GY, et al. Effect of capsaicin cream on the
secretion of the submandibular and parotid gland in the general
population with different chilli-eating habits [ J]. Chin J Dent
Res, 2016, 19(2) . 89 -93.

[12] Zhang Y, Cong X, Shi L, et al. Activation of transient receptor
potential vanilloid subtype 1 increases secretion of the hypofunc-
tional, transplanted submandibular gland [ J]. Am J Physiol Gas-
trointest Liver Physiol, 2010, 299(1) : G54 - G62.

[13] Cong X, Zhang Y, Shi L, et al. Activation of transient receptor
potential vanilloid subtype 1 increases expression and permeability
of tight junction in normal and hyposecretory submandibular gland
[J]. Lab Invest, 2012, 92(5) : 753 —768.

[14] Cong X, Zhang Y, Yang NY, et al. Occludin is required for TR-
PVI1-modulated paracellular permeability in the submandibular
gland [J]. J Cell Sci, 2013, 126(Pt5) : 1109 - 1121.

[15] Xiang RL, Mei M, Cong X, et al. Claudin4 is required for
AMPK-modulated paracellular permeability in submandibular gland



4.

b =

2

E

JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES)

ik (=

¥ )

Vol.50 No.1 Feb. 2018

[16]

[17]

[19]

[20]

[21]

[22]

cells [J]. J Mol Cell Biol, 2014, 6(6) : 486 —497.

Ding C, Li L, Su YC, et al. Adiponectin increases secretion of rat
submandibular gland via adiponectin receptors-mediated AMPK
signaling [ J]. PLoS One, 2013, 8(5) : ¢63878.

Cong X, Zhang Y, Li J, et al. Claudin4 is required for modula-
tion of paracellular permeability by muscarinic acetylcholine recep-
tor in epithelial cells [ J]. J Cell Sci, 2015, 128(12): 2271 -
2286.

Cong X, Zhang Y, He QH, et al. Endothelial tight junctions are
opened in cholinergic-evoked salivation in vivo [ J]. J Dent Res,
2017, 96(5) : 562 -570.

Li YM, Zhang Y, Xiang B, et al. Expression and functional ana-
lysis of beta-adrenoceptor subtypes in rabbit submandibular gland
[J]. Life Sci, 2006, 79(22) : 2091 —2098.

Xiang B, Zhang Y, Li YM, et al. Effect of phenylephrine on
transplanted submandibular gland [ J]. J Dent Res, 2006, 85
(12): 1106 - 1111.

Shi L, Cong X, Zhang Y, et al. Carbachol improves the secretion
in the early phase after rabbit submandibular gland transplantation
[J]. Oral Dis, 2010, 16(4) : 351 -359.

Ding C, Cong X, Zhang Y, et al. Hypersensitive mAChRs are in-
volved in the epiphora of transplanted glands [ J]. J Dent Res,
2014, 93(3) : 306 -312.

Yang NY, Ding C, Li J, et al. Muscarinic acetylcholine receptor-
mediated tight junction opening is involved in epiphora in late
phase of submandibular gland transplantation [ J]. J Mol Histol,
2017, 48(2): 99 - 111.

Ding C, Zhang Y, Peng X, et al. Proteomic analysis of human
transplanted submandibular gland in patients with epiphora after
transplantation [ J]. J Proteome Res, 2011, 10 (5): 2206 —
2215.

Song B, Zhang L, Liu XJ, et al. Proteomic analysis of secretion
from human transplanted submandibular gland replacing lacrimal
gland with severe keratoconjunctivitis sicca [ J]. Biochim Biophys

[26]

Acta, 2012, 1824(4) : 550 —560.

Xu H, Shan XF, Cong X, et al. Pre- and post-synaptic effects of
botulinum toxin A on submandibular glands [ J]. J Dent Res,
2015, 94(10) ; 1454 - 1462.

Shan XF, Xu H, Cai ZG, et al. Botulinum toxin A inhibits sali-
vary secretion of rabbit submandibular gland [ J]. Int J Oral Sci,
2013, 5(4) . 217 -223.

AEE. BT R H LR [T]. e HEEY
Zuk, 2012, 42(5) : 257 —259.

Su JZ, Liu XJ, Wang Y, et al. Effects of capsaicin and carbachol
on secretion from transplanted submandibular glands and preven-
tion of duct obstruction [ J]. Cornea, 2016, 35(4) : 494 —500.

Liu XJ, Li M, Su JZ, et al. Carbachol improves the secretion of
transplanted submandibular glands during the latent period after
microvascular autologous transplantation for severe keratoconjuncti-
vitis sicca [ J]. Int J Oral Maxillofac Surg, 2016, 45 (10) .
1273 - 1279.

Cai JR, Shan XF, Cai ZG, et al. A new treatment for epiphora
secondary to submandibular gland transplantation: transcutaneous
atropine gel [J]. Ocul Surf, 2014, 12(3); 221 -226.

Su JZ, Yang NY, Liu XJ, et al. Obstructive sialadenitis of a
transplanted submandibular gland: chronic inflammation secondary
to ductal obstruction [ J]. Br J Ophthalmol, 2014, 98 (12) .
1672 - 1677.

Su JZ, Liu XJ, Zhang L, et al. Schirmer test in transplanted sub-
mandibular gland; influencing factors and a modified measurement
method [ J]. Cornea, 2013, 32(4): 419 —422.

Su JZ, Liu XJ, Liu DG, et al. Sialography of the transplanted
submandibular gland [ J]. Ocul Surf, 2014, 12(3) : 205 -220.

(2017-11-03 k)
(A3 AL )

A 20-year study on microvascular autologous transplantation of submandibular gland
for treatment of severe dry eye

YU Guang-yan'® | WU Li-ling”* | CAI Zhi-gang' , LV Lan', CONG Xin*'®

(1. Department of Oral and Maxillofacial Surgery, 2. Center for Salivary Gland Diseases, Peking University School and
Hospital of Stomatology & National Engineering Laboratory for Digital and Material Technology of Stomatology & Beijing Key
Laboratory of Digital Stomatology, Beijing 100081, China; 3. Department of Physiology and Pathophysiology, Peking Uni-
versity School of Basic Medical Sciences, Beijing 100191, China; 4. Department of Ophthalmology, Beijing Tongren Hos-
pital, Capital Medical University, Beijing 100069, China)

SUMMARY Severe dry eye is a refractory ophthalmologic disease. Our multidisciplinary research group
treated severe dry eye by microvascular autologous transplantation of submandibular gland (SMG) during
the past 20 years. The SMG, with its blood vessels and Wharton’ s duct, was harvested from the subman-
dibular triangle and transferred to the temporal area. The blood vessels in the SMG were anastomosed with
the temporal blood vessels using a microsurgical technique. Then, the distal end of Wharton’ s duct was
sutured to form an opening in the upper lateral conjunctival fold. The tear was replaced by the secretion
of the transplanted SMG to lubricate the ocular surface. In our study, the surgical techniques of blood
vessel management were continuously modified to increase the survival rate of the transplanted SMG. A
novel surgical modality of partial transplantation of SMG was established to prevent postoperative epipho-
ra. A clinical study with the largest case number in the world was conducted and the effectiveness of
transplantation of SMG for severe dry eye was fully confirmed. In order to resolve two main clinical prob-
lems including ductal obstruction resulted from low secretion rate during the latent period, and epiphora
due to over secretion of the transplanted SMG in the later term of transplantation, the regulation of the se-
cretion mechanism of the normal and transplanted SMG were investigated. New opinions on mechanisms
of saliva secretion were provided. Based on the priniciple of translational medicine, the results of related
basic research were applied in the clinic. The clinical guidelines for secretion regulation of transplanted
SMG were established. A concept of chronic obstructive sialadenitis of transplanted SMG was provided
and its diagnostic criteria, diagnostic technique of sialography, and therapeutic regimen were established.
As a result, the surgical success rate was obviously elevated, the surgical complications were decreased,
and life quality of the patients was greatly improved.

KEY WORDS Submandibular gland; Dry eye; Keratoconjunctivitis sicca; Transplantation, autologous;
Lacrimal apparatus diseases



