Expression and Cellular Localization of the mRNA
for 2bkDa Heat-Shock Protein in the Mouse
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S rToy NMELISHO 20, ) ITX s L+FF
T —=TEH\W, 77 A Hsp25 cDNA"Y 2 A4l (1 7 58 7
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Abbreviations . Hsp, heat shock protein; ISH, i sit# hybridization
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BiFo7. 12, £y A7 07 EERL TEBIZNS T
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O — 7120 LT 2000 DRE#RT o FL A 70 —-TEMAS
ZELYVBEHEESR TN TN A E—Va BT
7o, 37TCTTI6HEMBUILTE, AT 4 KT A%, 0.1%N-77 Y
LY UEEF P LEEAT0IXSSCIZLEN37TTTL
R0 300, AEFIMEMITEEL /o, ThiEE, O.3SMEERT ¥ E
SZOAEEANELY ) - VTRKR, BEZL/. AFAFTTA
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Fig. 1. Northern blotting analysis of the expression of Hsp25 mRNA in the mouse organs. (A) Total RNA samples from the brain (lane 1),
eye (2), skin (3), skeletal muscle (4), heart (5), aorta (6), spleen (7), thymus (8), lung (9), esophagus (10), stomach (11), small intestine
(12), large intestine (13), liver (14), pancreas (15), submandibular gland (16), testis (17), ovary (18), uterus (19), adrenal gland (20),
kidney (21), and urinary bladder (22) were electrophoresed, blotted onto nylon menbrane and hybridized with *P.labeled Hsp25 probe #1.
The standard RNA sizes (kb) and the positions of 28S and 18S ribosomal RNAs are indicated. (B) Fluorescense of the total RNA samples
stained with ethidium bromide. Analysis with probe #2 provided essentially the same result.
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Fig.2.  Microscopic autoradiograms in bright field (A, C) and
dark field (B, D) showing in situ hybridization of mouse heart
with *S-labeled Hsp25 probe #1 in the absence (A, B) and
presence (C, D) of a 200-fold excess of unlabeled probe. (A,
B) The silver grains representing Hsp25 mRNA signal are
distributed over all heart muscle cells. (C, D) The control
section shows a markedly reduced number of silver grains.
Bar = 50 m.
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Fig.3. Expression of Hsp25 mRNA in the forestomach shown
in bright field (A, C) and dark field (B). (A, B) The signal for
Hsp25 mRNA is located in the stratified squamous epithelium
(E) and in the smooth muscle layer (M), whereas the connective
tissue components (C) have no signal. Bar = 50pm. (C)
Higher magnification of the keratinized stratified squamous
epithelium of forestomach. The cells of spinous (S) and
granular (G) layers show an intense signal but those in the
basal (B) and keratinized (K) layers are free of the signal. Bar
=25um.
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BQHE Hsp25 7 F X Y AT =T R[N T) A ¥
—a &Y, LRI AMIZ 7 o Tifivy Hsp25 mRNA &
TF N ERTRKAMERS S (024, B). BEHIEOE
T, BN FOBFERIZRIL, A4 FTTADT T A
ISR A SN AT L HREORRELLY, Ny o7
5yﬁmv7+w%ﬁ¢%®&&&éntaﬁm,D)
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'l""ﬁ'fﬁo)i&{ E D Hsp25 mRNA & 7+ L5, HE#HIcRo b
2. DR VS ERBEMRAERICE I am L Tw, e,
FUEFNOFEGAIAMTO Y 7 H L OREDENTHED LR
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3. AEEH
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FRERBCERS S =, REIRUE R R T8 O S Rk
@,Mvﬁ??/}UL@@§®>¢+w EEEoXo% (RS NEY A
< AO/E, BEW, HAE, BMMESsS 5, ArEE
D LR B L & AR, AL B RT LE5 2 b

AT E B8 2 BT, Hsp25 mRNA & 7 W iE R T g o
THAE & MR E oMK R o, LEE L AL oMz
BEACEDONED o7 (K34, B). HBTIZY 7 Vidl
AR SISO LT —F, IR e R TR ok A
MBS REEFERRICY 7T LB, T2,
HRES & BB IZ BV C, Hsp25 mRNA ¥ 7 F IV IZ iR 8

Fig.4. Expression of Hsp25 mRNA in the urinary bladder
shown in bright field (A) and dark field (B). The signal is
localized in the transitional epithelial cells throughout the
thickness of epithelium (E) as well as in the smooth muscle
cells (M), whereas the connective tissue components (C) have
little signal. Bar =50 . m.

(i KR B NN, —J, KB LE, HAmo bk, B
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i\ Hsp25 mRNA ¥ 7'+ Lds, #F & BAOEBRFE LI
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IR O RER I3 RAT L% b oA, BT LEMEO T XTIZH
W Hsp25 mRNAD ¥ 7 F L hsiie il (04). F7:, Fibm
WL b mRNAY 77 F USRS N72hs, #5 & MBS 1213
mRNA & 7 VI Sl o 7.
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iwm%nf#ot(mm
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2%, LDRBOFIZE,A - (M6). BIFEEIIBWT
mRNA ¥ 7' W ALERIRIE & 0 b UK %EMMWWMMk@<“
HLTwi, F72, AIEHETE, Bvaedssd 7 sy
FAMIZHOON,
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Hsp25 mRNA & 7 V1%, BREEO# koMl L2 b o if &
TRO LN, —F, IROBERBESLIBREOMIIZE Ny 7

Fig.5. Expression of Hsp25 mRNA in the large intestine
shown in bright field (A) and dark field (B). The smooth
muscle cells (M) have a high level of Hsp25 expression,
whereas the columnar epithelial cells (E) and connective tissue
components (C) are free of the signal, Bar = 100xm.
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Ty FREDY VB SR o7 (MTALB). H
BOWEO AR IE, PR O S 0 Hsp25 mRNA & 7
NATER® b LT (”7C & D).

9. ¥EH

HBHE DM & » T Hsp25 mRNADFEHBIEVHNSH 1),
W REOHEDAT — VOEMEIC L ViRV mRNA Y 7 F )V
MRS LN (W8A L B). HTHMEMBOMKIZD LD,
BLBMCY I FLOED L NAHERE, v ABTHELE
F2AF—VHIE XXIOBHETH L L HES N X
F—YHINIBWT, ¥ 7 FVidiF7 o Bl
{BEL (M8C). AF—TYIVVIZBWT, %7 v fiflo
WEMRO > 7 FLi, %37 RIBOBEMRNY 7 L
D LHEEEL Tz (M8D). AF—YVIVILIZBWT, /8% F
YR OBERHRO S SR E 52 EE L Tz (E8E).
—7, WHERASMELATL VT T oI
Ny 275y FLRVE DY 7 F LIRS S Nhh o729,
AT—I VIS NilhoT—HOLT M A HlIC Ao LA
bNDIHHHTY 7P UDH kof (MBF). AT —VIX-
XI2BWT, VT MNFr, VI35 OB EIEIC Yy mRNA

Fig. 6. Expression of Hsp25 mRNA in the adrenal gland shown
in bright field (A) and dark field (B). The signal in the adrenal
cortex is stronger than that in the adrenal medulla (M). Within
the cortex, the signal is distributed more abundantly in the
cells of fascicular (F) and reticular (R) zones than those of the
glomerular (G) zone. Bar = 25,m.
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STFVBEETH—FT, /%7 » BYOREMIIZE
AETTFNURBRDL LN L7 (K8G). AF—YXILiIZBW
T, BV PN, YIF v Lot T s B o R
IZERLIZED BN, MBS OMIIZIIZEA LY I
VHER LN o7 (K8H). BTHENEAF—-VEFELT
FEHAIN, BRI & UL b ) MRS 13 Hsp25 mRNA @
TFMEBOLNEN o7z T, FAFT4 v ey vy
FLEROON o7z, Doy A TRERATF—VICh
V3B &AL T D Hsp25 mRNA DR BIOFERE E1IZE L7,

10. #OMDFE -

- S A TR, U VN - R ST ) SRR
e, F0E - BETIS - I - B L s E MR E O R,
BIXUTRTOEEGMBIZIZNNY 7757 > FEED Hsp25
mRNA Y 7+ IV IEEBD SNk d o7z, MR TIREEVY 7 s

RN

B Ha

Fig.7. Expression of Hsp25 mRNA in the ovary (A, B) and
oviduct (C, D) shown in bright field (A, C) and dark field (B,
D). (A, B) The signal is present in the cells of corpora lutea
(L), whereas the granulosa cells of ovarian follicles (F) show
no signal stronger than the background. Bar = 100xm. (C,
D) The epithelial cells covering the mucosal surface of oviduct
have a moderate level of signal. Bar = 100zm.
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Fig.8. Expression of Hsp25 mRNA in the testis shown in bright field (A, C, D, E, F, G and H) and dark field (B). (A, B) Various levels of
signal are demonstrated in the seminiferous tubules. Bar = 150,.m. (C) In the tubule at approximate stages I-III, the early pachytene
spermatocytes (eP) have a strong signal. (D) In the tubule at approximate stages IV-V, the middle pachytene spermatocytes (mP) have a
signal much weaker than that of the early pachytene spermatocytes. (E) In the tubule at approximate stages VI-VI], the late pachytene
spermatocytes (IP) as well as spermatogonia (G), spermatids (St) and Sertoli cells (Se) show no appreciable levels of signal. The Leydig
cells (Ly) are also devoid of the signal. (F) In the tubule at approximate stage VIII, the leptotene spermatocytes (L) have a moderate
signal. (G) In the tubule at approximate stages IX-XI, the leptotene/zygotene spermatocytes (LZ) have a signal as strong as that of the
early pachytene spermatocytes, whereas the late pachytene/diplotene spermatocytes (PD) have no signal. (H) In the tubule at
approximate stage XII, the zygotene/early pachytene spermatocytes (ZP) have a strong signal, whereas the meiotic cells (M) have no
signal. Bar =25,m.
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Table 1. Expression of mouse Hsp25 mRNA in the seminiferous epithelium

Expression of mouse Hsp25

Cell type Stage of spermatogenesis in the mouse
I-0 v-v VI-VII X-X X
Spermatogonia - - - - -
Spermatocytes
Pre-leptotene np np - np np
Leptotene np np + np np
Leptotene/zygotene np np np H# np
Zygotene/early pachytene np np np np #
Early pachytene 1 np np np np
Middle pachytene np ++ np np np
Late pachytene np np + + +
Diplotene/diakinesis np np np + +
Spermatids - - - - -

Sertoli cells —

The relative intensity of the signal for mouse Hsp25 mRNA in each cell type present in each spermatogenic

stage is arbitrarily expressed:
positive; np, cell type not present.

UEAMIZEELLY, BEOMR~OREIHETE 2ho
7o IROKSEETIEHHERI IV TLIEERN 2 T 0 —TD
WEFELL, YT VOFERHETE ol

% =

Hspld k& 32D 5 v—7, $7b % Hspd0 (80-90kDa),
Hsp70 (68-75kDa), B & UME45-T-& Hsp (20-30kDa) (24531 &1
20, WHILEOKSFEHsp 7 7 3 —OHTEEL LD
Hsp25 & aB-2 ) A% ) »CdH4. Hsp90 & Hsp70 7 7 3V —
D TREEIL DV TIIER & (HEREA TS, 2R 5 13
JPER B L ZIBE L CREFFEINL 2T TERL, $L40
PR ML AREOHILIZBONTORIAL THT, e LT F
FBLUEARII—FNICHA L THEATENREBLIUNREAS
- LRI NERICE S5, whwb, FvyRur
LCHRET AL EZONE", 2k 213, Hsp70RFHUZEIR
ENCEHHELES KT IERL, %G“M%L%Wﬂéﬁ
HIEAIEESL I Py U TO L) RHIBANSEIZBTE
g5 F 72 Hep90id AF 1 4 ]\"ﬂ‘\)l«v‘E‘/%"z:’gﬂLﬁt*ﬁﬁﬁ;
ZIWL, ZOBR~OBITELHETSE®. —J), KO TEHsp
DBEFEIZDOWTIE, BIFEOLZBHHT N I bho T,
RERFINZB VT, Hsp25& oB-Z YA ¥ Y XS HFv v~
SELTHET D S LGS, sl s HvE
BRIIBVWT, TNODESFREHsp DY 3 v 2710 L TR
I LIERAHEE N B F7, FEA P L ATOMBIICB
LS THEHsp OMBEMEHRE, Y avJawx
(Drosophila melanogaster) 2BV T L {HMSNTWH®, —
H, WML BV T, BETLAVORBEORE T LV,
YIRS TRy MEEREMBLERICLY, vy ALSy
POIEAT VA TOHMBAZ BB Hsp25 L oB-7JRF ) D
BN TVL OPDEIFRE SN TS, Thbb, <
TADFEEIIBWT, Hsp25 L aB- 2N AY ) VIIRERBRED
R RCIRER D122, BRSO, TEHOMCE
CHEFET A2, BBR=7 X125 T, Hsp25& aB-7 ) A %)

—, negative; -+, weakly positive;

4 , moderately positive; 4 , strongly

ZiE, BREREGEIZE B IZE CHFET H. Hep25id «B-7 1) A
Y1) L) HILH RIS - MRS LT, SLFEETS
g x, B, KB, M, BBTHY, PHEEICFEET DM,
KR, NG, WBE, R, FETHEY. Ty MIBITAIIE
Tld, Hsp25 DERIIE, LB H& 5 o M2 I <= 4 Ml
BOEIRIC RS 2.

AIFFELE, FEA ML ATFIZBIT 5 HEN~ 7 A Hsp25 mRNA
ORBMEMBBEZEFIIBVTRI LZUD TOMIETD
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M E CHRE S N Lo/ R e —8BT 5. LarLh
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Feqr I pz i, EIRFRZ RN, SR B MM, OUJ B
[, FEE RS REAING (2 Hsp25mRNA 2T L 72 L‘L‘ EEEDIEH

ETAHIENHALhE L o7,

AARIZ BT, DI & ST S A £
Hsp25 mRNADSZ S R LT wa. /—HF 70y MGl
L, kﬁ%@ﬁ®i5EME&§ HRE B K UMY R 1
@ & ) A PR T o> Hsp25 mRNA DI, IHERGIZH1T 5
mm&%zbﬂé.%mm hHéHm%mW%K%LT,
Hsp2577 o F Y DEAIEBES5 22 VWHIRENH L, 72
L ZE, BB OFEM S MR 207 Hep251d, AR
PIZBWTT 7 FrOEEFMHETS®. —J7, Hsp2o B4 T
MBS F v A e ALY — ST, W
REETOEAR F)-7 2 F 25Nt a*, &512, Hsp2s
BCHFF—EEMTIHFHEHOINMIIBNTEE LT L
ENALZEAEDIDE L THAEENTVEY, uLivaEmT
5E&, Hsp2bld 7 7 F MO WBEL B T2 LI12& D, ¢
B2 A OBREICHEES T2 0EELLNS.

RIFEDFETREFRE LT, EBRRFLREERBITLERED
HIML I Hep25 mRNADS S BAETAZ LW en otz /
=70y MEFTICBVCERM, i, BBk Hsp25
mRNAZGRLS FEHE L TV B DI, TR 5 OHRESFEEHE”RO
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Abstract

The 25kDa heat-shock protein (Hsp25) is a member of the small heat shock protein family but its function remains largely
unknown. In the present study we examined the expression and cellular localization of Hsp25 mRNA in the mice under
physiological, unstressed conditions using Northern blot and in situ hybridization analyses with specific oligonucleotide
probes. At the organ level, high amounts of Hsp25 mRNA were detected in the esophagus, skin, eye, stomach, lung and
urinary bladder, and moderate amounts in the heart, skeletal muscle, aorta, adrenal gland, ovary, testis, uterus, large intestine
and thymus. At the cellular level, intense to moderate signals for Hsp25 mRNA were localized in the muscle cells of smooth,
heart and skeletal types, in the epithelial cells of stratified squamous and transitional types and of the oviduct, in the steroid
endocrine cells of adrenal cortex and corpus luteum, as well as in the spermatocytes of testis. In contrast, the signal was
scarcely detectable in the nervous tissues, lymphatic tissues, columnar epithelial cells of digestive tract, or parenchymal cells
of the liver, pancreas and kidney. These results suggested some significant role for Hsp25 in distinct mouse cell populations
under physiological conditions.




