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ABSTRACT

Aquaporin 9 (AQP9) is a water channel membrane prain also permeable to small solutes such as uredyagrol, and
5-fluorouracil, a chemotherapeutic agent. The objee/e of this study was to determine the cellular ath subcellular
localization of AQP9 in different organs of wild amd AQP9 knockout mice (males and females) by
immunohistochemistry ( IHC), immunofluorescence (If and RT-PCR. In addition, some biochemical studiesvere
evaluated. Twenty wild (normal control) and homozygus AQP9 KO-mice (C57 BL /6J) of both sexes wereetin this
study. Immunocytochemical results using rabbit- affhity-purified anti-rat AQP9 and Rabbit EnVision as primar and
secondary antibodies respectively, revealed AQP9 exfic labeling in the hepatocytes, kidney, spleeand epididymis
of wild type mice (AQPY/"), but a complete absence of labeling in AQPY mice. In liver, the labeling was strongest at
the sinusoidal surface, and there was little intragllular labeling. AQP9 expression was found to bsex-linked. In
female’s liver the expression of AQP9 was mostly nfined to perivascular hepatocytes, whereas maleb@ved a more
homogeneous hepatocyte staining. Confocal immunofitescence confirmed the localization of AQP9 immurstaining
on the sinusoidal surface or basolateral plasma meirane of hepatocytes. Comparewvith control mice, serum levels
of glycerol and triglycerides were significantly increased, in association with ypoglycemia in the AQP9~ mice,
whereas totalcholesterol, urea, alanine aminotransferase, and kaline phosphatase were not statistically different
These findings showed that AQP9 is a major water @mnel protein that is expressed throughout differenorgans, with
high expression in the liver of male mice. MoreoverAQP9 is important for hepatic glycerol metabolism
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INTRODUCTION

quaporins (AQPs) are members of a large familytgfgral membrane proteins involved in the

rapid movement of water and neutral solutes actefismembranes (Caperrmeh al., 2007;
Krane and Goldstein, 2007) and are fundamentalpontant to the fluid transport in the bile ducts
and ductules of the liver (Talbat al., 2003). In mammalian cells, water passes acrefis ¢
membranes by simple diffusion across the lipidyaifaand by bulk flow driven by an osmotic
gradient through hydrophilic pores or channels @adcand Hermo, 2002). The discovery of water
channel proteins (aquaporins) has provided a mialeedplanation for the way by which water can
cross the cell plasma membrane of highly water pabie epithelia. AQPs may be involved in
membrane fluidity and structural integrity, as vadltumor growth and angiogenesis (Verkman and
Mitra, 2000). Some AQPs are constitutively exprdssgéile others are regulated by hormones, pH
variations, phosphorylation, and binding of auxijliproteins (Engeét al., 2000). Various disease
states have been associated with alterations in &@@Ression and targeting in cells (Van Os et al.,
2000). To date, 13 isoforms of AQPs (AQP0-AQP12)etimeen identified in a wide varietf
mammal cells, such as liver, kidney, lung, pancrbeain, gastrointestinaiact, eye, ear, immune
system, skin, adipose, muscles, uteans testis (Huangt al., 2006; Ishibashit al., 2002;
Marinelli et al., 2004). Based on sequence homologya, phylogenetic comparisons and
permeability properties, AQPs of 0 —&@e now subdivided into two major groups: orthodox
AQPs andaquaglyceroporins (Agre and Kozono, 2003; Zard@@5). The group of orthodox
AQPs is composed of sikembers: AQPs 0, 1, 2, 4, 5 and 6, as well as A@P&entioned
previously (Liu and Wintour, 2005They are water-selectivthannels and permeable to water
alone. The group of aquaglyceroporins includes foembers: AQPs 3, 7, 9 and 10. They are
non-selective water channels which are permeableglyoerol, urea and other small non-
electrolytes, as well as to water (Létial., 2007; Marinelliet al., 2004). The original studies of
Xenopus laevis oocytes expressing rat AQP9 repqréztheability to a wide range of 14C- or
3H-labeled solutes including polyols, carbamidesyrines, pyrimidines, nucleosides, and
monocarboxylates (Carbregt al., 2003). In the liver, these AQPs act in conagith ion
transporters and facilitate metabolic activity assted with cell volume perturbations, osmotic
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balance, concentration and movement of biliary tesluand may be involved in glycogen
turnover (Marinelli et al., 2004). AQP9 expression in many tissues, usinfferdnt
immunohistochemical and molecubgsproaches was previously reported (Rajeid., 2007). In
the liver, AQP9 is expressed in hepatocytes withensinusoidal surfaces of hepatocyte plates,
where, duringstarvation, it is speculated to function in glydasptakefrom the bloodstream for
gluconeogenesis (Carbreyal., 2003; Gradilonet al., 2005; Kuriyamaet al., 2002). In addition,
AQP9 has been proposed to be involved in urea w®éitiin fromhepatocytes (Ishibaskt al.,
1998). AQP9 expression has been reported in oidmres includinghe male reproductive tract,
where it localizes to the effereductule epithelium, epididymis, and vas deferend aray be
involved in sperm maturation, concentration, amaagje, respectivelPastor-Soleet al., 2002).

In addition, it has beemeported in the plasma membranes of Leydig cellatitestis,white pulp

of spleen, brain (Elkjaest al., 2000; Wartket al., 2007)and in the peripheral leukocytes (Ishibashi
etal., 2002). It is important to emphasize that, desait abundance of ddtam different studies;
there are still major discrepanciestween the reported expression sites. In specnlathese
differences may be due to eithegterogeneity of expression in different speciesstenceof
different splice variants, or may represent artfacelatedto specificity of the anti-AQP9
antibodies used in IHC, l&d immunoblotting methods.

The aims of the present study were: 1) to ideritifyy exact tissue localization of AQP9
in mice, males or females, wild-type and/or knodkaype, 2) to study some biochemical
analyses in wild and knockout mice, 3) to studyliher structure of wild and knockout mice by
electron microscopy.

MATERIALS AND METHODS
AQP9 Knockout Mice

removal of whole exon5 from AQP9 genomic DNA andsdiiutedfor nucleotides
sequence encoding a neomycin phosphotransferasessigncassette (Fig.1). This was done in
the Structural Pathology Department, Institute afpNrology, Niigata University, Japan. For
AQP9 genotyping, the mice were testyd®CR using genomtail DNA and 2 primers set.

exoni exon2 exon3 exond exonS exons

I -
" fragA fragB | fragC
4.5kb G00bp 5.0kb
PCR PCR PCR

Fig. 1. Genomic structure of mouse AQP9 DNA and krakout construct. The exon 5 was completely removezhd
substitutednucleotides sequence encoding a neomycin phosphatséerase expressionassette.

Experimental Animals

A total of 10 wild type and 10 homozygous AQP9 K@en(C57 BL /6J) at 2-3months of
age were utilized. Both wild-type (AQRY and AQP9 KO-mice (AQPD) were randomly assigned
to 4 subgroups based on sex type. All mice wersédmbat controlled temperature, had free access to
food and water and were maintained on 12 hr lightk-@dycles. Experiments involving these mice
were approved by the Animal Care Committees ofadtiéidschool of Medical and Dental Sciences.
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Antibodies

An affinity-purified rabbit polyclonal antibody aget an AQPX-terminal peptide from
rat AQP9 (DAKO, Carpentaria, CA, USA) was used ggrimmary antibody. The antibody was
diluted 1:100 with sterile phosphate buffer sal{R®8S) containin@.05% sodium azide (NaN
before use. A horseradish- peroxidase (HRP) cotgdgto goat anti-rabbit immunoglobulins
(EnVision, DAKO, Kyoto, Japan) was used as a seapndntibody in dilution 1:5 with sterile
PBS containingd.02% NaN for immunohistochemistry (IHC). For immunofluoresce (IF),
fluoresceinisothiocyanate (FITC) — labeled goat anti-rabbilyplonal 1gG from IBL (Immuno-
Biological Laboratories, Takasaki, Gunma, Japangliiation 1:100 with sterile PBS containing
0.05% NaNwas used as a secondary antibody.

Primers

The primer sets were obtained from Nihon Gene Ras., Miyagi, Sendai city, Japan. -
For AQP9 genotyping, 2primers were used: 5-CAAATTAGCAACCATCTG -3' and 5'-
GTAGCACATGCTTGCAATGC -3. The expected PCR product fiomozygous AQP9 KO-
mice is 350 bp, for wild-type mice is 605 bp andhbtor heterozygous mice (AQPY%). To
amplify specifically AQP9 transcript, 2primers wedesigned from the sequence of full-length
cDNA (GenBank accession no. 022026): A sense prisleE TCATCACGGGAGAAAATGG-3'
and an antisense primer: 5-GCTGGTTCTGCCTTCACTT(tBe expected PCR product is
437bp). For a positive control, glyceraldehydesh8gphate dehydrogenase (GAPDH) was used
as a house-keeping gene. The sense primer: 5'-CAAEBY GAAGGTCGGTG-3' and an
antisense primer: 5-GAAGATGGTGATGGGTTTCC-3'(PCRqhuct is 239bp).

Serum Analysis

Blood was drawn from the supra-orbital venous pestUAQPS/'and AQPY mice under
light ether anesthesia; left for clotting and cleara were separated after centrifugation at 2090 x
for 20 min at 4°C for blood chemistry using diagiokits (Biomeria /France).

Immunohistochemistry (IHC)

Immunoperoxidase staining was carried out accortbrifpe procedure of Koyane al.
(1999). The tissues (liver, kidney, spleen, pargretomach, intestine, heart, lung, skin, brain,
testis, epididymis, uterus and ovary) from wild éyand AQPY9™ mice were fixed with methyl-
Carnoy’s fixative (60% methanol, 30% chloroform%d@cetic acid), embedded in paraffin, and
sectioned at 4m thickness. Sections were incubated overnight@twith primary rabbit anti-rat
AQP9 antibody (2ug/ml). After being washed (PBS3oax 5 min), slides were incubated for 1 h
at room temperature with secondary antibody, HREplEm goat anti- rabbit immunoglobulins
(EnVision), and washed again as described above.pBEnoxidase reaction was developed with
0.05% 3, 3diaminobenzidine tetrahydrochloride (DAB) and ctaustained with Mayer's
hematoxylin for 3 min. The immunostained sectionsrevdehydrated in ethanol series and
mounted with mounting medium. Then the immunocyémaital signal was examined with an
Eclipse E800 light microscope (Nikon, Niigata, J&pd-or the control, sections were incubated
without primary antibody and showed no staining.

Immunofluorescence (IF)

Liver tissues were removed from mice and frozer8AfC inn-hexane for 30 minutes
and kept at -80°C until sectioning. They were endeed in Tissue-Tek optimal cutting
temperature (OCT) compound (Tissue-Tek, Miles Iforrance, CA) and mounted on a cutting
block. After freezing in a Reichdgrigocut microtome, the tissue was cut at 3-4thickness and
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sections were picked up on Superfrost Plus micqescslides (Matsunami Glass Ind., LTD.,
Japan). For immunostaining, sectiomsre incubated overnight at 4°C in rabbit anti- AQP9
primary antibody. Slides were washed twice for % mi high-salt PBS (2.7% [w/v] NaCl) to
reduce nonspecific staining (Elkjaeral., 2000; Maria et al., 2005), and once in normaSPB
They were then incubated for 1 hrabm temperature with secondary antibody, a gotirabbit
IgG coupled to fluorescein isothiocyanate (FITCfteA being washed (PBS for 3 x 5 min),
sections were coverslipped, mounted in Vectasltf\ééttor Labs, Burlingame, CA) and examined
under a Zeiss LSM 510 confodkiorescence microscope.

RNA Isolation

Total cellular RNA was also isolated from the samnevious tissues used for IHC by a
modified acid guanidinium thiocyanate phenol-chform extraction method (Trizol, GIBCO
BRL, Life Technologies, Rockville, MD). Total RNA oacentration was quantified by
spectrophotometry, and its quality (purity) was altesl by electrophoresis in agarose gels
(Chomczynski and Sacchi, 2006).

Reverse Transcription - Polymerase Chain ReactiorRT-PCR)

For detection of AQP9 mRNAReverse transcription was performed using totaARN
(5u9); previously treatedith DNase | buffer and DNase | amplification grdde 15 min at 25°C;
and SuperScrigl reverse transcriptase enzymes. Reverse tratiseripias achieved by heating
the reaction mixture fdrh at 42°C and then for 5 min at 95°C and chilianfor 5min to stop the
reaction. PCR experiment was performed using 1jthefcDNA product (template) plus 4 @fl
PCR mix containing 10X PCR buffer (0.5ul), 2.5 mM dNTPs (0.4ul), Milli @1ul), Taq
polymerase (0.1ul), and specific primers (1pmo)/fdyward (1pl) and reverse (1ul). The PCR
amplification cycle using PCR thermal cycler maeh{ffakaRa Co., Otsu, Shiga, Japan) was 35
PCR cycles, one PCR cycle consisted of initial teirag at 95°C-5min, denaturing at 95°C-
1min, annealing at 62°C-1min and extension reaator2°C-1minAfter 35 cycles, final products
were extended for 5 min at 72°CAQP9 amplified cDNAfragments were resolved in 1.5%
agarose gel containing ethidium bromide, and tledéctrophoretic migration was compared
against a 1kp plus DNA ladder (Marker) and the potsl were photographed under ultraviolet
illumination.

Electron Microscopy (EM)

For transmission EM, the liver of wild type and kkout mice were removed and fixed
in 2.5% glutaraldehyde at 4°C overnight. They wiien osmicated and embedded in Epon 812.
Seventy-nm thick sections were cut on a ReicheuttEamicrotome and collected on formvar-
coated EM grids. The ultrathin sections were sthine5% uranyl acetate for 3 min, then in lead
citrate for 1min, dried and finally examined witietelectron microscope (Philips CM 400).

Statistical Analysis

Data are given as mean values + standard errory (&Btisticalcomparisons were
accomplished by unpairedtest (equal variancedy. values < 0.05 were considered statistically
significant.

RESULTS

AQP9 knockout mice were generated as shown in Fig. Under physiological
conditionsthe knockout mice have normal embryonic survivedtility, appearance, behavior, and
plasma parameters, except for a significdmainge in the level of some biochemical analyses.
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Expression of AQP9 Protein in Mouse Organs

Immunohistochemistry staining was used to local@P9 in different tissues of mice,
males, females, wild, and/or KO-type. In wild micsing rabbit anti-rat AQP9 antibodies, only
liver, epididymis and kidney (nofpreviously identified expression site) showed gjron
immunostaining, whereas there was a complete abs®nstaining in AQPY™ mice. At high
concentration, the AQP9 antibody also stained mdiffe structures in spleen and pancreas (not
shown).

Immunocytochemical Localization of AQP9 in Mice Liver

Liver AQP9 expression was analyzed to determiné distribution and membrane
localization and whether AQP9 expression/distrimivas dependent on the sex and the knockout
effect. AQPY"male mice showed a more homogeneous hepatocytingtaly AQP9 (Fig.2 A, C),
whereas in female’s liver, the expressidrAQP9 was mostly confined to perivascular hepgtx
(Fig. 2 B, D). Staining was restricted to the soidal surfaces of hepatocyte plates of the liver. In
some cases, there was little intracellular labelingAQPY’~ mice, there was no staining of liver
(Fig.2 E, F).

V.AQ?9 -H' .

AQP9 ++

AQP9 -/-

cv

Fig. 2. Immunohistochemistry for AQP9 in liver of AQP9"* and AQP9" mice stained with rabbit polyclonal antibody
at dilution 1:100. In male’s liver (A), immunoreacivity of AQP9 (brown staining) was more homogenous and dely
distributed in hepatocytes than female’s liver (B)jn which staining was mostly confined to perivascalr hepatocytes.
Higher magnification showed staining of the sinusadial plates (arrow heads) surrounding the central via (CV) in

the AQP9"* male (C) and female mice (D). The label appears tme more uniformly distributed in all the hepatocyes
of male mice. However, AQPY™ mice showed completely absent of AQP9 labeling irhe liver (E, F). Original

magnifications: A, B, E x 100; C, D, F x 200.
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Immunofluorescence

Immunofluorescence staining of liver was used taficam the subcellular localization
and distribution of AQP® hepatocytes. Affinity-purifiedintibodies were used to stain cryostat
liver sections from mice (Fig.3)AQP9 was found only expressed in the hepatocyteonfrol
mice (AQPY™). In male mice the expression of AQP9 was found to beerhomogeneousnd
involved all the hepatocytes (Fig.3 A). Howeverfémale mice, the expressiams strongest in
those cells closest to the central vein (Fig.3A)higher magnification, the staining was localized
in the basolaterahembrane of the cells in both male and female midegreas the apical bile
canalicular membrangas not labeled (Fig. 3 C). The staining is conglieabsent in the AQP9
mouse (Fig.3 D).

Immunocytochemical Localization of AQP9 in Mice Kichey

Immunoperoxidase labeling of kidney sections shgwvanti- AQP9 labeling in the distal
and collecting tubules of AQP®" mice of both sexes. In addition, very weak labeliag observed
in theproximal tubules, whereas other nephron segmemtglameruli did not exhibit labeling in
excess of background. the distal tubule, the labeling was confined tcoplasmicdomains (in
apical, central, and basal parts of the cells).4F&y B) and absence of, or very weak, labeling of
basolateraplasma membrane domains. Similarly, in collectingtdcells thestrong labeling was
associated with intracellular structures (arrowFig.4 B, C). The AQP9/ mice of both sexes
showed completely absence of AQP9 staining in ithedy tissues (Fig. 4 E, F).
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Fig. 3. Immunofluorescence localization of AQP9 imice liver using anti-AQP9 antibodies. Frozen seahs from liver
of male (A) and female (B) wild- type mice (AQPI/") showing hepatocytes close to the central vein (§\htensely
labeled. The label appears to be more uniformly digbuted in all the hepatocytes in male mice. (C) kffh magnification
showing the basolateral membrane expression of AQR8ed arrows) and white arrows indicate the apicamembrane of
two hepatocytes. (D) AQPI™ mice showed completely absence of labeling. Origihmagnifications: A, B, D x 200; C x
400.
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Fig. 4. Immunocytochemistry localization of AQP9 inkidney using anti-AQP9 antibodies. AQPY/* mice showing
anti-AQP9 labeling in the distal (A, B) and colleding (C, D) tubules. The labeling is mainly intracdllar (arrows). E
and F: immunolabeling AQP9 7/ mice showing absence of AQP9 staining in all kidyetubules. Original
maghnifications: A, C, E x 200; B, D, F x 400.

Immunohistochemical localization of AQP9 in the sen

The AQP9'/" mice, males and females showed AQP9 immunolabgditige cells of white

Fig. 5. Immunocytochemistry localization of AQP9 inspleen using anti-AQP9 antibodies. A and B: AQPY" mice
showing anti-AQP9 labeling in the white pulp (WP)The labeling is mainly in the leukocytes (arrows)C and D: AQP9”
/- mice showing complete absence of AQP9 immunoreadty. Original magnifications: A, C x 200; B, D x 40.

Immunohistochemical Localization of AQP9 in Reprodutive Organs

The testis, seminiferous epithelium, uterus andhoed AQP” mice showed no AQP9
expression, whereas there was only expression tof AQP9 labeling in the epididymis of male
mice. In epididymis, AQP9 was uniformly distributeder the microvilli of the principal cells of all
regions, with the most intense reaction being notetie initial segment and cauda regions. Intense
labeling of the apical stereocilia was observegrincipal cells of the initial (Fig. 6 A, B) andgtal
(Fig. 6 C) segments of the epididymis. This stajnivas completely absent in AQP9nice (Fig. 6
D).
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Fig. 6. Immunohistochemistry localization of AQP9 &ining in the epididymis. In AQP9"* mice (A- C), AQP9
staining is concentrated at the apical pole (micrdlli) of principal cells of initial segment (A, B). In cauda
epididymidis (C), intense reaction is seen over thaicrovilli (thin arrows) of principal cells and cytoplasm of clear
cells (thick arrows). Sperms in the lumen are unreective. The staining is completely absent in the AQ¥7/~ mouse
(D). Original magnifications: A x 200; B, C, D x 40.

Electron Microscopy

Transmission electron microscopy showed no appatiéfgrences in the structures of
liver in wild-type (Fig. 7 A) and AQP9 null (Fig. B) mice. However, the bile canaliculi in KO-
mice were shorter than the wild-type.

Fig.7. Electron microscopy examination of liver inAQP**and AQP™ mice. AQP* mice (B) showed short and small
bile canaliculi (BC) comparatively with the AQP™ control mice (A).
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RT-PCR Analysis of the Expression of AQP9 in Mous@®rgans

For AQP9 genotyping, the mice were testedthe presence of the disrupted AQP9
allele by PCR using genontigil DNA and 2primers. The 2Primers set produceddbrrect wild-
type 605-bp-PCR product in the AQP9while in the AQPY™ mice was 350-bp-PCR product.
Heterogeneous- type mice (AQPY have both PCR product sizes (Fig. 8). We examithed
expression of AQP9 in a range of mice organs usiRINA encoding AQP9 of these tissues and
AQP9-specific primer set. A house- keeping genePGH, was used as a positive control (Fig.
9A, B, C &D). In AQPY"* mice of both sexes, all organs showed AQP9 exjmessy RT-PCR,
except pancreas, stomach, intestine and ovary @id, F). The already reported tissues
containing AQP9 in wild-type mice were found as difigdl bands at the expected 437-bp
position. AQP9Y~ mice showed small PCR product size at 220bp @@, H).

Biochemical Analysis

To examine whether AQP9 mice exhibit defectis the metabolism of various solutes,
the concentration of glycerol, triglycerides, total tsierol, glucose, ureaalanine
aminotransferase (ALT) and alkaline phosphatasePjAln serumsamples from AQPY and
AQP9”" mice weredetermined (shown in Table 1). AQP9nice exhibiteca marked increase in
serum glycerol and triglyceride leveldith a decrease in serum glucose (only after fgtin
compared with AQPY mice. There were no significant differences in thter measured
parametersMoreover, there were no statistical changes betweale and female, wild and/or
KO-type mice.

Fig. 8. showed AQP9 genotyping. A 2 Primers set wep ced the correct PCR product at 605-bp for th wild-
type (W) and at 350-bp for the knockout - type mic€K), while heterozygous -type mice have both PCRrpduct
size positions (H).
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DISCUSSION

The goal of this study was to identify the main mgsionsites of AQP9 in wild and
AQP9 knockout mice of both sexes and to determihetiaer knockout for AQP9 plays a role or
affect the biochemical analyses in mice that tlamdhaveemained undefined.

Our data determined that AQP9 is higklpressed in liver, which represents its main
expression site, then epididymis, kidney and spl@&e major finding reported here relate to the
expression and subcellular localization of AQP9r @sults demonstrated that AQP9 expression
is confinedto the mice hepatocyte basolateral membrane, them@ membranéacing the
sinusoids. This patterof staining may be consistent with Capemtal. (2007), Carbreyet al.
(2003), Elkjaeret al. (2000), Kuriyamaet al. (2002), Marinelliet al. (2004), Rojelet al. (2007). A
new and interestinfinding of the present study is the different exgsien observebdetween male
and female AQPY mice. In liver from female mice themmunohistochemistry (IHC) signal was
progressively more intense hepatocytes close to the central vein (perivencezatocytes),
whereas in the liver from male mice the label appéa be more uniformly distributed in all the
hepatocytes. This indicates that differences élitrermay be gender-dependent (Pastor-Sefer
al.,, 2002). Moreover, oummunofluorescence signal confirmed the basolatkredlizationof
AQP9 with IHC results and this agree wituebertet al. (2002). It iswell established that many
hepatic functions are expressed isexually dimorphic fashion (Nicchéhal., 2001). A number of
hepatic enzymes, plasma membrane receptors ansttigtionfactors have been shown to be
sexually dimorphic (Simonet al., 1996). On contrary, AQP9 mice did not show any
immunostaining.
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Fig. 9. AQP9 transcript analysis by RT-PCR of RNA s$olated from different organs of mice. A house keépg gene,
GAPDH, was used as a control positive with PCR pragtt at 239-bp for male (A) and female (B) wild-typemice and
for KO- mice respectively (C, D). Primer pair "seng" and "antisense" produced the correct wild-type 87-bp-long
product in the AQP9+/+ for male (E) and female (Fmice which is absent in the AQP9—/— mice. Howeven AQP9—
/- male (G) and female (H) mice, these primers amified 220-bp-long PCR product, because whole exon 5
containing the neo expression cassette is lost. lei liver, 2- kidney, 3- spleen, 4- pancreas, 5-0stach, 6- intestine,
7- testis or uterus, 8- epididymis or ovary, 9- he 10-lung, 11- skin and 12-brain.
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Table 1. Serum values for some biochemical analysis AQP9** and AQP9" mice
Parameter Wild-type mice(AQP9™") KO-type mice (AQP9")
Male (N=5) Female (N=5) Male (N=5) Female (N=5)

Glycerol (umoll/liter) 322.00 41895 319.55+19.00 479.822.50 481.00+24.14
Triglyceride (mg/100ml) 75.00 +4.00 80.55 +6.13 98.77 +7.40 110.00 +6.95
Total cholesterol (mg/100ml) 18.00 £8.10 174.18 +9.00 199.00 +11.54 187.55 +9.75
Random 120.0 +4.88 118.00 #5.11 117.55 +4.16 118.22 +3.75
Glucose
(mg/100ml) | g prs after fasting ~ 115.00 +4.13 113.00 +4.00 80.00 +3.50 85.00 +4.05
Urea (mg/100ml) 76.42 +4.19 73.00 +4.50 77.00 £3.00 75.22 +3.55
ALT (Units/liter) 85.42 £5.22 84.00 +4.05 87.66 +4.14 85.53 +6.17
ALP (Units/liter) 144.33 £8.11 145.00 +10.00 142.00 £9.34 141.00@8.5
Values of means + SE N: number of mice  *p<0.05, AQPS~ compared with control (AQPB)

Regarding IHC results for the kidney, a recentlgniified member of the AQP family, AQP9,
was expressed specificaitythe distal and collecting tubules (poéeviously identified expression
site). This indicates a key role of AQP9 functionkidney as a water channel protein. Moreover,
renal principal cells in some parts of the collegtduct have high levels of both AQP3 and AQP4
on their basolateral plasma membranes (Ishibaskil., 1997). In this case also, one of the
expressed channels (AQP4) is conductive only temyathile the others (AQP3, AQP9) are a
promiscuous water channel with a high urea andegblgpermeability.

At high concentration, the AQP9 antibody also s@imlifferent structures in spleen and
pancreas but these results may be attributed tspemwific binding of the antibody especially fonpaeas
which showed no band corresponds to a specific AfgRfnent with RT- PCR. Our results were in
coincidence wittElkjaeret al. (2000) and Ishibaski al. (1998).

Concerning IHC for male reproductive tract, AQP@mindantly expressed in different
segments of AQP® mice, where it could represent an apical pathvamytransepithelial water
flow. In epididymis, AQP9 was localized on the noiitli of the principal cells of all regions
(Elkjaeret al., 2000; Huangt al., 2006; Pastor-Solet al., 2002; Ruzt al., 2006). However, in the
presenstudy, AQP9 expression on the microvilli of thengipalcells was noted to be region-
specific, with the most intense reaction being digtethe initial segment and cauda regions. Similar
results were obtained by Badran and Hermo (2002¢rdfore, in the proximal portion, AQP9 is
the only AQP so far detected on principal cellseretas in the distal portion it is coexpressed with
AQP2 on principal cell apical membran@*astor-Soleet al., 2001). The testis did not show any
AQP9 labeling, although other authors observedlie difference may be due to usage single
anti-AQP9 antibody in this study and/or probablgdigse its expression level from AQP9 is very
low. These results are consistent with localizatddrAQP9 in testis by weak intensity than in
epididymis which revealed strong PCR product bandtown by RT-PCR. Our data now show
that AQP9 is an abundant apical membrane protethémmice epididymis, and other regions of
the reproductive tract, it appears to be a conbstiéuapical membrane protein that may be
responsible for apical membrane water and/or s@ateneability of these epitheli@he AQP9 in
Leydig cells of the testes participates in thedag@llular uptake and release of various small size
lipid or cholesterol metabolites through their @bimembrane (Nihedt al., 2001). In female wild-
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type mice, AQP9, which had not been identified H lanalysis probably because its expression
level is low, was found to be present in the utesishown by RT-PCR.

Using RT-PCR, we showed that most tissues of wpé-tmice expressed AQP9-PCR product at 437bp
position. However, a smaller 220-bp product waslifieghfrom cDNA from KO-mice because the whole
exon5 containing the neoexpression cassette idiokD-mice DNA sequencinghowed that the smaller
product is an alternatively splic&@nscript, where exon4 is spliced directly to éorOur data were in
harmony with Caperng al. (2007) and Wartht al. (2007).

With regarding to the biochemical study, serum lewé glycerol and triglycerides were
markedly increased, in association with hypogly@miAQP9"~ mice, revealing a role of AQP9
in glycerolmetabolism. Glycerol, a product of adipose tisspelysis, is an important substrate
for hepatic gluconeogenesis. As the subsfmatbepatic glucose production, glycerol accounts f
90% inthe prolonged fasting state and 50% in the postalige stateén rodents (Kuriyamat al.,
2002). The abundant expression in the liver of radrmice stronglysuggests that the increased
serum glycerol levels in AQP9mice are caused by an absence of hepatic AQP9raimdpaired
uptake of glycerol through the hepatocyte plasmanbrane. Althoughthe increased serum
glycerol level in AQP9 null mice is likelyo be mediated by absence of AQP9, it cannot be
excluded thathe uptake and release of glycerol by other orgaqmessingaquaglyceroporins,
e.g., kidney cortex (AQP3 and AQP7), fasue (AQP7), or intestine (AQP3 and AQP10), may
also influencehe final plasma glycerol level (Rojek al., 2007). Interestingly, according to the
model of metabolic zonatioof the liver, gluconeogenesis predominantly takésce in the
hepatocytes surrounding the portal vein (perippttadt exprestittle AQP9, whereas relatively
less gluconeogenesiakes place in the hepatocytes surrounding theralewmein (perivenous),
where highest AQP9 levels are detected (JungermadrKietzmann. 1997). Thus,cannot be
excluded that AQP9 may have additional functiamsthe mouse liver other than glycerol
transportThe hypoglycemia in our results suggesting thatatheence of AQP9 in the hepatocyte
membranereduced the capacity for glycerol entrance for ghengenesideading to reduced
serum glucose levels specially during fasting ofPAQuIl mice (Carbrewt al., 2003; Kuriyamaet
al., 2002; Rojelet al., 2007).Therefore, our studies AQP9 protein strongly support the role for
AQP9 expressiom liver as a molecular mechanism for maximizingcgirol influxduring states
requiring increasedluconeogenesis.

Our data concluded that AQP9 is a major water chlapnotein that is expressed
throughout different organs, with high expressionhe liver of male mice. The AQP9 expression
in the kidney is a new identified expression sitahis study. Hence, this recent identification of
intracellular AQP will open new areas of researnhcell biology and expand the scope of AQP.
AQP9 is essential for hepatic glycerol metabolismportantly influences hepatic glucose
production.
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