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Abstract : Objectives: Patients with Sjogren's syndrome (SS) suffer from impaired saliva 

secretion due to an autoimmune destruction of salivary glands. Based upon its abnormal 

distribution in SS salivary glands ， a potential role for the water channel protein aquaporin 目5

(AQP5) is proposed in the pathogenesis of SS. Methods: The immunohistochemical distribution 

of AQP5 was compared in minor salivary gland (MSG) biopsies obtained from primary SS 

with a variety of lymphoid cells infiltration in MSG ， and healthy volunteers. Results: Biopsies 

from normal subjects revealed AQP5 primarily at the apical membrane of the salivary gland 

acinus. In contrast ， biopsies from SS patients with both moderate and severe lymphoid 

infiltration revealed AQP5 expression diffusely at the cytoplasm of the acinus. Computer 同

assisted microscopy was performed to quantitatively evaluate AQP5 distribution in the acini. 

Biopsies of SS patients exhibited lower labeling indices (LI) at the apical membrane compared 

with biopsies from control subjects. The LI of the acini obtained from SS patients with both 

moderate and severe lymphoid infiltration showed no difference. Conclusions: Abnormal 

distribution of AQP5 in salivary gland acini could be responsible for a loss of saliva secretion ， 

and this abnormal distribution is likely to develop during the stage of moderate lymphoid 

infiltration in salivary gland. 
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INTRODUCTION 

S臼jogr 巴印n's syndrome (βSS劫) is an autoimmune in 丑白ar江m即n凹1m百ma抗to町ry disease characterized by 1防ymphocytic

mιi血i

eyes l)日). Salivary gland biopsies show lymphocytic infiltrates with a maximal 50% decrease in acini 

number 21， however ， in addition to loss of gland elements ， gland dysfunction plays an important 

role in the clinical expression of the disease l). Several factors may contribute to impaired salivary 
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fiow ， including proinfiammatory cytokines ， such as IL-1 and TNF-α ， that can inhibit both basal 

and stimulated secretion 3，41. Decreased protein kinase C lev 巴ls in salivary gland acinar cells of 

SS patients 51， along with the presence of antibodies against muscarinic M3 receptor in primary 

SS patients could prevent normal gland responses to neuronal stimulation 61. W巳 recently

reported possible involvement of human regeneration gene product and its autoimmunity in the 

degeneration of salivary gland ， leading to impaired saliva secretion 71. 

The aquaporins ， a family of water-specific membrane channel proteins ， provided insight into 

the molecular mechanism of membrane water permeability in a variety of tissues 81司.Aquaporin-5 

(AQP5) was cloned from rat submandibular glands and is also present in the lacrimal gland 

and lung ， suggesting roles in generation of saliva ， tears ， and pulmonary secretions 131 . Ma et al.141 

reported that transgenic mice lacking AQP5 exhibit decreased saliva s巴cretion ，confirming the 

physiologic relevance of AQP5 in salivary gland function. 

Because the pathomechanisms responsible for diminished function of the exocrine glands are 

still obscure ， a report that AQP5 had lost its normal apical localization in secretory salivary 

acinar cells in SS patients raised considerable interest 151 . In SS patients AQP5 was found to be 

diffusely distributed ， not  only in the apical ， but also in the basolateral acinar plasma membrane 

domain. This finding on abnormal translocation was confirmed by Tsubota et al.， who reported 

similar loss of acinar cell polarization in lacrimal glands 161 . 

None of the previous reports explain the abnormal distribution of AQP5 during the progress 

of sialoadenitis and xerostomia. The aims of this study were to characterize the cellular 

distribution of human aquaporin-5 (hAQP5) in minor salivary glands (MSG) from SS patients 

with a variety of the stage of lymphoid cell infiltration and normal subjects ， and to investigate 

potential differences in the pattern of expression of hAQP5. 

P A TIENTS and METHODS 

Patients 

Minor salivary gland (MSG) biopsy specimens were taken from the patients with primary 

Sjogren's syndrome (SS) after informed consen t. Twenty cases of primary SS patients were 

obtained from the file of the Pathology Laboratory of the Department of Otorhinolaryngology. 

The diagnosis of SS was confirmed by the revised diagnostic criteria established by the 

Committee on Sjogren's Syndrom 巴 of the Ministry of Health and Welfare of J apan 171 . Biopsy 

cases were primary SS patients with moderate infiltration with 1 or more focus; corresponding 

to Greenspan's181 grades 3 and 4 (1 male and 9 females; mean age 49.1 :!: 5.7 years ， range 15-69 

years) ， SS patients with severe infiltration enough to form lymph follicles (1 male and 9 females; 

mean age 58.4 :!: 2.0 years ， range 50】71 years) ， and control subjects (9 males and 1 female; 

mean age 30.9 土 2.6 years ， range 27目34 years). We measured saliva production on the Saxon 

test  as a quantitative test for xerostomia. For the Saxon tes t， saliva production was measured 

by weighing a gauze pad before and 2 min after chewing without swallowing; the low-normal 

value is 2 g. The procedures follow 巴dwere in compliance with the Declaration of Helsinki ， and 

all subjects signed an informed consent before participation in the study. 
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Immunohistochernical staining for hAQP5 

MGS tissues for immunohistochemical analysis were embedded in Tissue-Tek OCT 

compound (Sakura Finetechnica l. Tokyo) ， frozen with liquid nitrogen ， and stored at _80 oC 

until us巴 Cryostat sections wer 巴 cut into 4目μm slices. After washing in phosphate buffered 

saline ， the sections were fixed in cold acetone for 10min ， and when washed. Indirect 

immunofiuorescence staining was performed essentially as describ 巴d19). The antigen retrieval 

step was performed using Bond Epitope Retrieval Solution 1 (citrate 戸based pH 6.0 solution). 

The tissue slices were incubated with an affinity-purified antibody to the C-terminus of 

hAQP5 as a primary antibody overnight at 4 0 C in a humidifi 巴denvironmen t. After washing ， 

the antibody was detected by the Bond polymer m巴thod [Autoimmunostainer Bond MAX 

(Mitsubishi Chemical Medience Co. ， Tokyo ， J apan)]. The affinity-purified antibody to the 

C目terminus of hAQP5 was kindly provided by Dr. N. Ishida ， Ophthalmic Research Division ， 

Santen Pharmaceutica l. Takayama ， Ikoma ， Nara ， Japan. 

Cornputer-assisted irnrnunoreactive analysis 

Computer-assisted immunoreactive analysis of the immunoreactive acinar cell was performed 

using an Olympus BX50 microscope with an UPlanFI objective ， combined with a Polaroid 

PDMCle/OL Digital Camera (Tokyo ， J apan) and the Win ROOF image processing software 

(Mitani Corp. ， Tokyo ， J apan) for Windows. This software  allowed accurate identification and 

calculation of the immunostained area. Five digitized ， multispectral images for each case were 

obtained at random and captured at x 200 magnification. The labeling index (LI) obtained 

from th巴image analysis was calculated as a percentage of immunoreactive area for hAQP5 

in the apical region (the apical side a one-third area of apical side against 出巴 whole area) of 

an acini cel l. The immunoreactive acinus area was extracted automatically using two distinct 

macroinstructions composed chiefiy of algorithms for color identification based red 】green-blue

(RBG) and hue-luminosity-saturation (HLS) parameters. 

Statistical Analysis 

Laboratory data are expressed as the mean :t SEM and the Mann-Whitney U test was 

used to evaluate the statistical differences in hAQP5 expression in MSG from control subjects 

and SS patients. A correlation analysis between the LI of the immunoreactive acini cell and 

salivary secretion volume was performed using Spearman's rank correlation tes t. All statistical 

analyses were carried out using software. 

RESULTS 

Irnrnunohistochernicallocalization of hAQP5 in MSG 

We surveyed the localization of the hAQP5 immunohistochemically in the MSG from SS 

patients and control subjects. In MSG biopsy specimens from control subjects ， almost of 

all hAQP5 was detected at the apical membrane of the acini cell (Fig. la， lb). In contras t， 

in MSG biopsy specimens from SS patients ， hAQP5 was not predominantly localized to the 

apical membrane of the acini cell but diffusely expressed at the cytoplasm (apica l. basolateral 
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and intracellular) of the acini cel l. The hAQP5 

distribution in MSG biopsy specimens from SS 

patients with moderate  lymphoid infiltration 

was similar to that from SS patients with 

severe lymphoid infiltration (Fig. lc， ld， le， lf) 

Fig. 1 lmmunohistoch emical localization of hAQP5 in MSG 
hAQP5 was localized on MSG sections from a control subject 
(a.  b). an SS patient witb mod erate lymphoid infiltra tion (c. d). 
an SS patient witb severe lymphoid infiltration (e. f) (a. c. and e. 
original magnification. x 40; b.  d. and f. original magnification ， 

x 100). lndirect immunofluorescence staining using aff 阻止y
purified hAQP5 antibodies was performed . 

(同)

4炉事

The LI of the immunoreactive acini for hAQP5 in MSG 

A computer-assisted microscopy procedure was 

performed to quantitatively evaluate the labeling 

index (LI) of the immunoreactive acini for hAQP5 . 

The LI corresponds to the percentage of acinus area 

immunoreactive for hAQP5 in the apica l region (a 

1/3 area of apical side against the whole area) of an 

acinar cel l. The LI of MSG obtained from SS patients 

exhibited significantly lower compared with the LI of 

MSG obtained from control subjects (40 .9 :t 1.3% vs. 

85.3 :t 1.6%， p <0.00 1. Fig. 2a). The LI of MSG from 州

ss patients with  both moderate lymphold maltration 580 
(41.1 :t 2.1%) and severe lymphoid infiltration (40.8 :t ] 60 

" 1.5%) were sign 恥 a凶 ylower than that from control ] 40 

subjects (p<O.OO l， Fig. 2b). However ， there was no :l 20 

difference of the LI of MSG obtained between from SS 

patients wit h moderate lympho id infiltration and from 

SS patients with severe lymphoid infiltration (Fig . 2b). 三
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Fig. 2. Quantitativ e analysis of the LI of the labeled structures was performed using Win ROOF computer-assisted 
microscope system. LI corresponds to tbe percen tage of tbe acinu sむea (a 113 area of apical side against tbe whol e area) 
stained for hAQP5. LI obtained by discriminant analysis performed between control subjects and SS patients (a). and 
between SS patients witb moderate lymphoid infiltration and SS patients with severe lymphoid in五ltration (b). Values are 
expressed as the mean ot SEM. Mann -Whitney U test was used to evaluate tbe statistical differences 
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The rel 、ation of localization of hAQP5 to salivary secretion 

Salivary.secretion volume from SS patients 

with moderate lymphoid infiltration (2.6 :t 0.6 (gI2min) 

g/2 min) and from SS patients with severe 6.0 

lymphoid infiltration (0.8 土 02g/2min)were i 
significantly lower than that from control ~ 4.0 

subjects (5.1 土 0.4 g/2 min ， pく0.01 and pく0.00 1， ~ 

Fig. 3a). There was significant more salivary ~ 2.0 
ユ=

secretion volume from SS patients with Jl 

mod 巴rate lymphoid infiltration than that from 

SS patients with severe lymphoid infiltration 

(p<O.Ol ， Fig. 3a). The no corr 巴lation ，on the 

other hand. was exhibited between the LI of (g尼min)
immunoreactive acini for hAQP5 and salivary 8.0 

secretion volume from SS patients (Fig. 3b). @ 

Fig. 3 Salivary secretion volume performed among control 
subjects ， SS patients with moderate lymphoid infiltration 
and SS patients with severe lymphoid infiltration (a). Data 
distributions resulting from analysis of salivary secretion 
volume and LI distinguishing among control subjects (0) ， 

SS patients with moderate lymphoid infiltration (・). and SS 
patients with severe lymphoid infiltration (+) (b). Values are 
expressed as the mean 士 SEM (a). The MannωWhitney U 
test and the Spearman rank test were used to evaluate the 
statistical differences 

Features Control SS patients 

吉 6.0
5 

'" ~ 4.0 

E 
~ 2.0 
百
回

0 

Lymphoid infiltration 

Moderate 

n=lO 

male/female 9/1 1/9 

Age: mean 土SEM ，y 30.9 土0.8 49.1 士5.7

Saliv 紅ysecretion vol U1l1 e: mean 5.1 士0.4 2.6 士0.6

士SEM ，g/2min 

Table 1 : Demogr 勾hic and clinical features of control and the SS patients 
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Although the biological mechanisms that lead to impaired saliva secretion in SS are poorly 

understood ， it is increasingly evident that dryness of mouth does not result solely from 

gland destruction. Cytokines ， autoantibodies ， or soluble factors may also contribute to gland 

dysfunction 201 . Based upon its distribution. a potential role for the water channel protein AQP5 

was evaluated in the pathogenesis and the physiological mechanism in saliva secretion of 
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SS in this study. The subcellular localization of AQP5 in rat and human salivary glands has 

been d巴monstrated l5，21， 221， However ， to our knowledge ， the present study provides the first 

description of the relation among the localization of AQP5 in human MSG ， the volume of 

salivary secretion ， and the grade of lymphoid in五ltration in MSG ， 

We have shown a distinct distribution pattern in MSG from SS patients. The immunoreactivity 

of hAQP5 was predominantly localized to the apical membrane of acinar cells from control subjects 

In contras t， hAQP5 was diffusely expressed at the cytoplasm (apica l， basolateral and intracellular) 

of the acinar cells in MSG biopsies from SS patients ， A quantitative analysis using a computer-

assisted microscope system further confirmed that the LI， indicating a percentage of acinus area 

immunoreactive for hAQP5 in the apical region (a 1/3 area of apical side against the whole area) 

of an acinar cell ， was lower in MSG from SS patients as compared with normal subjects. 

This AQP5 misdistribution could result from pathophysiological mechanisms occurring 

in SS. Under diseased conditions ， AQP5 trafficking may be altered and intracellular vesicles 

expressing AQP5 may not be able to translocate to the apical membrane and therefore 

accumulate in the cytoplasmic compartmen t. Several mechanisms could be responsible for this 

alteration ， First ， defective activation of muscarinic M3 receptor could account for aberrant 

translocation of AQP5. Whether the abnormal distribution of AQP5 is linked to the presence 

of autoantibodies to M3 receptor 2司is an interesting question that still remains to be addressed 

in the mouse models for SS used in the present study ， Second ， altered expression of proteins 

involved in the regulation of AQP5 ， such as prolactininducible protein 241 ， could also account for 

AQP5 misdistribution. Third ， infiammation may play a role in AQP5 altered distribution as 

impaired TGFs signaling has been shown to lead to an infiammatory disorder resembling SS 

and to a non-polarized and substantial intracellular localization of AQP5251• 

The distribution of AQP5 on the apical membrane of acinar cells strongly suggested its 

physiological importance in water transfer during primary saliva production. To clarify this ， 

Ma et al.141 generat 巴dan AQP5-null mouse model in which they examined changes of the 

amount of saliva and its composition in a pilocarpine 】induced state. These analyses revealed 

a more than 60% reduction in saliva in AQP5-null mice. Together with this repor t， our data 

indicated that impaired AQP5 trafficking could be responsible for the decrease in saliva 

production observed in SS patients. 

The difference of hAQP5 localization in acinar cells between MSG with moderate lymphoid 

infiltration and severe lymphoid infiltration is of interest ， because salivary secretion volume 

from SS patients with moderate lymphoid infiltration was significantly decreased than that 

from SS patients with severe lymphoid infiltration. The LI of MSG from SS patients with 

both moderate lymphoid infiltration and severe lymphoid infiltration were significantly lower 

than that from control subjects ， however ， there was no difference of the LI of MSG obtained 

between from SS patients with moderate and severe lymphoid infiltration. In addition ， no 

correlation was exhibited between the LI of acini and salivary secretion volume from SS 

patients. Soyfoo et a1.261 compared the subcellular distribution of AQP5 in submandibular 

acinar cells in three different animal models for SS depicting different stages of SS. There was 

a shift in AQP5 distribution from the apical to the basolateral membrane and intracellular 

V巴sicles in all three mouse models for SS investigated ， and AQP5 misdistribution appeared 
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to be concomitant to the presence of inflammatory infiltrates and acinar destruction. Our 

observations can be explained ， in par t， by the consideration that acinar cells are affected 

with impaired AQP5 trafficking in the stage of moderate lymphoid infiltration in MSG. This 

impaired AQP5 trafficking continues until the stage of severe lymphoid infiltration in MSG ， and 

the salivary gland function declines together with the other factors including the loss of acinar 

cells during the destruction of salivary gland. 

In conclusion ， our present study provides the localization of AQP5 in human MSG ， and 

indicates an abnormal distribution of AQP5 in MSG from SS patients ， which could be 

responsible for a loss of saliva secretion in these patients. It should be emphasized that this 

abnormal distribution of AQP5 is likely to develop during the stag 巴 of moderate lymphoid 

m五ltration in MSG. 

ACKNOWLEDGEMENTS 

This work was supported in part by Grants-in 目Aid for Scientific Research (C) (22591096) 

from the Ministry of Education ， Culture ， Sports ， Science and Technology ， J apan. This work 

is in partial fulfillment by K. T. of the degree of Doctor of M巴dical Science at N ara Medical 

University. 

REFERENCES 

1) Thomas ， E.， Hay ， E.M. ， Hajeer ， A. and Silman ， A.J， : Sjogren's syndrome: A community-based study of 

pr巴valenc 巴and impac t. Br J Rheumatol 37 : 1069-76 ， 1998. 

2) Andoh ， Y.， Shimura ， S.， Sawai ， T.， Sasaki ， H.， Takishima ， T. and Shirato K. : Morphometric analysis of 

secretory glands in Sjogren's syndrome. Am Rev Respir Dis 148: 1358-62 ， 1993 

3) Fox ， R.1. : Sjogren's syndrome 目 Controversies and progress. Clin Lab Med 17: 431-4 ，1997. 

4) Soliven ， B. and Wang ， N. ・Tumor necrosis factor alpha regulates responses of cultures of sympathetic 

neurons and nonn 巴uronal cells. J N eurochem 64 ・883-94 ，1995. 

5) Tornwall ， J" Konttinen ， Y.， Tuomen ， R. and Tornwall ， M. : Salivary gland acinar epithelial cells ar巴

deficien t in their protein kinas 巴Cexpression in Sjogren's syndrome. Lancet 394 : 1914-5 ， 1997 

6) Bacman ， S.， Sterin-Borda ， L.， Camusso ， J.J" Arana ， R.， Hubscher ， O. and Borda ， E. : Circulating antibodies 

against rat parotid gland M3 muscarinic receptors in primary Sjogr 巴n's syndrome. Clin Exp Immunol 104 ・

454 同9，1996.

7) Yoshimoto ， K.， Fujimoto ， T.， Itaya-Hironaka ， A.， Miyaoka ， T.， Sakuramoto-Tsuchida ， S.，Yamauchi ， A.， 

Takeda ， M.， Kasai ， T.， Nakagawara ， K.， Nonomura ， A. and Takasawa ， S. : Involvem 巴nt of autoimmunity to 

REG ， a regeneration factor ， in patients with primary Sjogren's syndrome. Clin Exp Immunol174 : 1-9 ，2013. 

8) Agre ， P.， Brown ， D. and Nielsen ， S. : Aquaporin water channels: Unanswered questions and unresolved 

controversies. Curr  Opin Cell  Biol 7 : 472-83 ， 1995. 

9) Borgnia ， M.， Nielsen ， S.， Engel ， A. and Agre ， P. : Cellular and mol 巴cular biology of the aquaporin water 

channels. Annu Rev Biochem 68 目 425-58 ，1999. 

10) King ， L.S. and Agre ， P. Pathophysiology of也eaquaporin water channels. Annu Rev Physiol 58 : 619-48 ， 1996. 

11) Knepper ， M. : The aquaporin family of molecular wat 巴rchannels. Proc Natl Acad Sci USA 91 : 6255 悶8，1994 



(72) Takehiko KOBA Y ASHI et al. 

12) Verkman ， Aふ， Van Hoek ， A.N. ， Ma， T.， Frigeri ， A.， Skach ， W.R. ， Mitra ， A.， Tamarappoo ， B.K. and 

Farinas ， ]. : Water transport across mammalian cell membranes. Am J Physiol 270 ・C12-C30 ，1996. 

13) Raina ， S.， Preston ， G.M. ， Guggino ， W.B. and Agre ， P. : Molecular cloning and characterization of an 

aquaporin cDNA from salivary ， lacrimal ， and respiratory tissues. J Biol Chem 270 ・1908 】12，1995. 

14) Ma， T.， Song ， Y.， Gillespie ， A.， Carlson ， E.J. ， Epstein ， Cふand Verkman ， Aふ: Defective secretion of 

saliva in transgenic mice lacking aquaporin 】5channels. J Biol Chem 274 : 20071-74 ， 1999 目

15) Steinfeld ， S.， Cogan ， E.， King ， Lふ， Agre ， P.， Kiss ， R. and Delporte ， C. : Abnormal distribution of aquaporin 目5

water channel protein in salivary glands from Sjogren's syndrome patients. Lab Invest 81 ・143-8 ，200 1. 

16) Tsubota ， K.， Hirai ， S.， King ， L.S. ， Agre ， P. and Ishida ， N. 目 Defectiv 巴cellular trafficking of lacrimal gland 

aquaporin-5 in Sjogren's syndrome. Lancet 357 : 688 血9，200 1. 

17) Fujibayashi ， T.， Sugai ， S.， Miyasaka ， N.， Hayashi ， Y. and Tsubota ， K. : Revised Japanese criteria for 

Sjogren's syndrome (1999) ・availability and validity. Mod Rheumatol14 ・425 目34，2004 

18) Greenspan ， J.S. ， Danie1 ， T.E. ， Talal ， N. and Sylvester ， R.A. : The histopathology of Sjogren's syndrome in 

labial salivary gland biopsies. Oral Surg Oral Med Pathol 37 目 217 目29，1974. 

19) Matsuzaki ， T.， Tajika ， Y.， Suzuki ， T.， Aoki ， T.， Hagiwara ， H. and Takata ， K. : Immunolocalization of the 

water channe l， aquaporin-5 (AQP5) ， in the rat digestive syste m. Arch Histol Cytol 66 : 307-15 ， 2003. 

20) Humphreys-Beher ， M.G. and Peck ， A.B. New concepts for the development of autoimmune exocrinopathy 

derived from studies with the NOD mouse mode l. Arch Oral Bio144: S21-S25 ， 1999. 

21) He， X.， Tse ， C.M. ， Donowitz ， M.， Alper ， S.L.， Gabriel ， S.E. and Baum ， B.]. : Polarized distribution of key 

membrane transport proteins in the rat submandibular gland. Pfiuger Arch 433 : 260-8 ， 1997. 

22) Nielsen ， S.， King ， Lふ， Christens 巴n，B.M. and Agre ， P. : Aquaporins in complex tissu 巴s.II. Subcellular 

distribution in respiratory and glandular tissues of rat. Am J Physiol 273 ・C1549-C1561 ，1997 

23) Naito ， Y.， Matsumoto ， I.， Wakamatsu ， E.， Goto ， D.， Sugiyama ， T.， Matsumura ， R.， Ito， S.， Tsutsumi ， A. 

and Sumida ， T. : Muscarinic acetylcholine receptor autoantibodies in patients with Sjogren's syndrome 

Ann Rheum Dis 64 ・510-4 1， 2005. 

24) Ohashi ， Y.， Tsuzaka ， K.， Takeuchi ， T.， Sasaki ， Y. and Tsubota ， K. : Alt 巴red distribution of aquaporin 5 

and its C【terminal binding protein in the lacrimal glands of a mouse model for Sjogren's syndrome. Curr 

Eye R巴s33 : 621-9 ， 2008. 

25) Nandula ， S.R.， Amarnath ， S.， Molinolo ， A.， Bandyopadhyay ， B.C. ， Hall ， B.， Goldsmith ， C.M. ， Zheng ， C.， 

Larsson ， J.， Sreenath ， T.， Chen ， W.， Ambudkar ， 1ふ， Karisson ， S.， Baum ， B.]. and Kulkarni ， A.B. : Female 

mlc 巳are more susceptible to dev 巴loping infiammatory disorders due to impaired transforming growth 

factor beta signaling in salivary glands. Arthritis Rheum 56 目 1798-805 ，2007. 

26) Soyfoo ， Mふ， Konno ， A.， Bolaky ， N.， Oak ， Jふ， Fruman ， D.， Nicaise ， C.， Takiguchi ， M. and Delporte ， C. : 

Link between infiammation and aquaporII ト5distribution in submandibular gland in Sjogren's syndrome? 

Oral Dis  18: 568-74 ， 2012 目


