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Organ-Specific Expression Profile of Jpk:
Seeking for a Possible Diagnostic Marker for the Diabetes Mellitus
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Department of Anatomy, Embryology Lab., Brain Korea 21 Project for Medical Science
Yonsei University College of Medicine, Seoul 120-752, Korea

A novel gene Jpk, originally isolated as a trans-acting factor associating with the position-specific regulatory element
of murine Hox gene has been reported to be expressed differentially in the liver of diabetic animals. Therefore, in an

attempt to develop a possible diagnostic marker and/or new therapeutic agent for the Diabetes Mellitus, we analysed the

expression pattern of Jpk among organs of normal and diabetic Sprague-Dawley (SD) rats. Total RNAs were isolated

from each organs (brain, lung, heart, liver, spleen, kidney, muscle, blood, and testis) of diabetic and normal rats in both
normal feeding and after fasting condition. And then RT (reverse transcription) PCR has been performed using Jpk-

specific primers. The Jpk gene turned out to be expressed in all organs tested, with some different expression profiles

among normal and diabetes, though. Upon fasting, Jpk expressions were reduced in all organs tested except kidney,
muscle and brain of normal rat. Whereas in diabetes, Jpk expressions were increased in all organs except heart, muscle and
testis when fasted. Compared to the normal rat, the Jpk expression level in blood was remarkably upregulated (about
15~30 times) in diabetic rat whether in normal feeding or fasting conditon, suggesting that the Jpk could be a candidate

gene for the possible blood diagnostic marker for the Diabetes Mellitus.
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7t BolHo g zAsl= xS BN F pk 54
B3890 (Cho et al, 1997) F71XEE EA4% 4
#

Tanis A7 Al 28 FuaF e 2R ARRShs olxdtd
BAlH (Psammomys obesus)oN A 24213 w3 HS- 44 A
ke gl o A 2Esies PR felElen, o
AL SFz0 ofs) Lo] 2AHL FuFAME 1T
o] vidH oz 2HEE Aoz HuHAH (Walder et
al., 2002; Gao et al., 2003).

e 2 AFeiMe duge AZE g4 &
2§ diagnostic marker2412} 7HsA1S T4
o A AFNA Jpk FHARFe] FEHEY

#Asgch

F22 "ot A 65712 Sprague-Dawley (SD) & 4 F
£ 5UF 202 ARlo] ASAT: FuAe] A kg B
55 mgQ] Streptozotocin (STZ, dissolved in 0.1 M citrate buffer,
pH 5508 2] Aol FAlste] gdurd HE REEUTH
A A 3= Ae 44 B Holwd 2443 ST L
2 o] Adatglon A¥FAE Co, 7t o83
sacrifice3FI T} A& ol A8 719 (brain, lung, heart, liver,
spleen, kidney, muscle, blood, and testis)= &3 TS HA]
A4 59 UL RNAE F&E W7HA] 70Tl B3
T

2. 5 RNAQ &2

% RNAT Acid Phenol-Guanidinium Thiocyanate-Chloroform
Extraction *'8& o] 83t F&3qit AqAHLE 4% ¥
< Aol 228 Y 4§ F, denaturing £ 4 M
guanidinium thiocyanate, 25 mM sodium citrate, 0.5% sodium
lauryl sarcosinate, 0.1 M p-mercaptoethanol) 3 mlZ #7138t th3
homogenizers ©|-83t] A-2oX 3021k Esigoh 23S
15ml FEZ %71, 2 M NaOAc (pH 4.0) 0.3 ml, phenol (pH
4.0) 3 ml, chloroform-isoamylalchol (49:1)& 0.6 ml #7135 &
2 E3siGich d&ol 158 7 WA H 3500 pm, 4Tl
A 3087 AR 4S5 NS 1.5 ml eppendof FEE

2 v &9 isopropanol& H7FEFSATE 20Tl A 8%

RS U 3500 pm, 4ColA] 408 7+ AR
HA71a 70% EIOHE A1¥ & AZA3leh 7€ RNA
DEPCE A 2§t $-74ol 5] UV-spectrophotometer (Am-
ersham Biosciences, UK)E o] &-8]A] AZslitt

re o o g

3. RT-PCR

M-MLYV reverse transcriptase (Promega, Madison, W1, USAYE
o}-g-ate] thg1} #o] first strand cDNAS A Z3}11th RNA
2 ugs PCR FEO ¥, oligo-dT (100 pmole/ul) 1 pl} 5x
Reverse transcriptase buffer 5 pl, 2.5 mM dNTP 5 pl, RNAse
inhibitor (40 Uiw) 1 W& H71ek vh& DEPCE 2|3 S/
2 & 25 uE HERIT} Thermal cycler (Perkin Elmer, Wellesley,
MA, USAYE ©|§3te] 70TolA 587 RNAS WA o
S M-MLV Reverse transcriptase (100 units)S 3713} 4°C o)
A 104, 37CllA 60, ©lo] 4T AF3te] cDNAE A
Z8FRE & 25 Wl W28 F 1 wE 38l 10x PCR buffer
2.5 pl, 2.5 mM dNTP 2 l, Z228] 3 forward$} reverse primerS
Z+Zr 10 pmole® A 7}13F TS Excel Taq polymeraseS 3713}
o] PCR ¥H8-% 33T PCRE 95TCAA 5E7F ukg-&t
% 95CelA 12 F<F denaturation stepS-, 2t primercl] 2%}+3}
Wk 2504 187} annealing step2, 72°CollA] 187} exte-
nsion step2 one cycleZ 31 & 35 cycle HH-&-A17]aL, 72°Coll
A1 10%-3F final extensions 3t ¥he-& FF3lgich Ao
Jpk €} B-actin primer Tha¥} 2t} Jpk primer #§ (forward
primer, 5-GGG GCA GGA AGA TCT AAA TG-3'; reverse primer,
5-GTG AAA GTG TGC GTA AGG C-3"), B-actin primer %3 (for-
ward primer, 5-CAT GTT TGA GAC CTT CAA CAC CCC-3,
reverse primer, 5'-GCC ATC TCC TGC TCG AAG TCT AG-3').

]

4. Jok RS EEH Fx 5F

zZ}z}e] PCR WHE-5-2 1.2% agarose gelol|Al #1745 5}o
F-2]% th-& LAS-1000 plus (Fuji Photo Film Co., Tokyo, Japan)
& ]8435 DNA bandE ©]P] A5} 21, TINA 2.0 (Raytest,
Straubenhardt, Germany) program& ©]-83} band2] density Z
24330k Jpk FAAe] BE ZH4E2 Bactin FE2E no-
rmalize3}53 T},

iy

o A
ZEA 335 22 diagnostic marker
i}

R E R EX
25t fste] Fxst 34 BN Jpk

2A9] 7P
At kS 7 | HER BAETE 3aF BY
2 A7 = uhyol| A el Z+o] Sprague-Dawley (SD) ratdl] £~E
AEZEAS Al wHEdith AEREZELNL 59
(antitumor) %8 4d (oncogenic) B34 (diabetogenic)®] A
AL 7HE He 999 FAELRE g e, 53
G Bcells AR FFANA FuE FAAZTI
BEo] It} (Like et al., 1978; Bonnevie et al., 1981; Kim et al.,

2001). & AN E AEHEZEAS Y57 32 T

o
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SECIS

*

mRNA { | Il 1} Y \ Vi H
5'GGGGCAGGAAGATCTAAATG 3 3'CGGAATGCGTGTGAAAGTG &'
Forward primer  _p. <« Reverse primer

Fig. 1. Genomic and mRNA structure of the Jpk. The Jpk gene consists of six exons (I-VI). The stop codon (*) and the selenocysteine
insertion sequence (SECIS) are marked. The forward and reverse primer sequences for the PCR reactions are presented below the exons
IIT and VI, respectively.

3ol 500 mg/dl Hot H& FXE Hl SDratth o 14ARE Bt HolE AIWE Wl AT Z& HAE A9

Kol
=2
W] Sl SHEE AL 7,

718 5 g H]al] FaFdAE Y2 o] F7hE oM (Fig. 24, D,
sk Jpke] BE o]l Ao 9% AAE FHE N, H, AT O 7jBdAE oleh T2 AT daAl &4
A3 B4 F Hol& AMANEE & FH 1 AT RE A% 5ol w2 Adube wE o] BAFA] Gtk
Z+2y 24412, S1A1ZE, 72413 ol 24 7|3g AEste] HE SrstES Sttolzal YeE Adshy el A
o AR&-3F3ITh Aol Fadk 7199 7] A9 ypke] Eo] Aol o=

Z} 71# o 25E] RNAZ ¥&|8 & Reverse transcriptase S 2] FuF ] BE 47 324 Foll F7FISIY Fig. 2A).
o]-g-3le] (DNAE TR ©]Z PCRE template2 A} o] A= 20029 Walder 50 B3 Tunis®] 23 Ak
L3tk Jpk FAA] T e B4517] 9% PCR FF o-g- FAFSFSITE Walder T& A 28 BRI o]zl
& primer’= A WA exonoll HX|3le 1AL} AduEol R UWH (Psammomys obesus)NA % TEF g ¥l
forward primer®} 6815 exonol| ¥|X|3}= 3-UTRS] §71M<E vhlglsle] 28y EF tiglyceride F5oll= AHldlsle] 2
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Sk BISFAT in vito AP NAE glucose”t Tanislpk

o WL AT B 3=l (Gap et al, 2003) ©]

Lo

HE5 kit (Fig. ).

Jpk FrAAFE A¥e] AMEE BE vl 71 ", A, A Tanisllpk?} glucosel| 243l o] 2= Pt
v, A, 25, H, A 2 dhollA] BRI (Fig. 2) Hollxe o] 2ol FEHATE AL gnjdtin & £
e FE el ol Bt BxaFA 28z AUTE 273 oS} e JpkTanis7h A 18 R 28 7
23 A HolFol A HAZ zto]lZ Uehlth 34w Rl 2™o] nANHog dojih= 7} (liver)oll A <)

T AR AMSE 5 UFE AlAFRL

FHoll A= FAHSW) Walder 5= T o171 Yeast-two-hybrid ®H-2 53l Tanis/

A TE AAE AYF ZE 71HolA ppkd] E8ol S Jpk2} Serum amyloid A (SAAT A2 AEE Aolgkm AlA}
ek FAFANA Y o]# W) FAd w2 AAAE & FSth SAAE F4 @FNSel #ojshe wwER dF
A7) Hatel T F o4, 51,72 A BA olS A HUA Aol oF 10008 AE 3 FEI SR e
A & F 29 22g BEste] pro] FEES B B d9A lem, A¥EuA 23 fARE F5 vn
o &Alel AMH 7|7ke] AR el FA o]l £ YO TZ Tunispk’t SAAZ wiAEte B 9E 1w
Foz My AT} FAEHE AL AT S AT FHg 0 2 A 23S sz AZske @A F sy v}
2AD). BF ] AS- Hold A 2 Aok vlust  FAo) wlg & AoR {fFEch ¥ A o 7
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Fig. 2. The expression pattern of Jpk gene among different organs (liver, blood, kidney, spleen, heart, muscle, brain, testis, and lung) of
both normal and diabetic rats. Rats in feeding and fasting or refeeding for 24 (24 h), 51 (51 h) or 72 hours (72 h) are indicated. Each PCR
product samples were run on the 1.2% agarose gel. The level of Jpk expression was quantified by scanning laser densitometry and
normalized with those of 3-actin product as written in the Materials and Methods. Experiments were repeated 3 times and data were
average values.

T Jpke] EHo] &4 AH FFE wuk AAFC v T 3 Fel pt FEAEAE HEA dvh dey oA
g

FolA 2ok 15~308) AT E7kshs S BT} Fig. 2B). 9] B xpolE P JEE 93 vlF 2 9] S-gof gols}
TanislJpk7} SAA®] receptorZ ZHE3lo] FFur-8-o] AFE Al AHEE 4 S Aoz ZuHh
AL Aoz AZAEL) FiF 9 bloodoll A o o] HA HZ G7IME AL 53l prt Aux Sl sels#h
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(Kryukov et al., 2003), SelS7} glucoseol] 2] &l
Z glucose-regulated protein (GRP) family
W22 AT} (Gao et al, 2004). 53]
insulin resistance® 5 4+ A=), 9]
oxidative stress9} @¥io] glrfar dejx Qi) =it
A ﬂ"é’&ﬁ:o (reactive oxygen species, ROS)2] 21§-
]°ﬂ 2831 kel a st g AT v
ngﬂt_ D}Hﬂ;ﬂ o] ‘5]-)\]—3;]_33—_5\_ 3}%
7t 2™ (Kryukov et al., 2003) 53] Az
812l glutathione peroxidase (GPX1)7} A& W
ﬁ—?ﬁlﬂ *E 7”\"]7]‘:}5’— axil U= ] GPX1
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resistanceZ® LA Zol@ B3I} QITh McClung et al,
2004). &Y T Jpke] %A-$- F9 murine teratocarcinoma cell
£ o]&s “340“"1“ HEdo] 23] ROSE A3t
TFHoZ AXE "}m/\]?]—‘i A%E IR (Kong et al,
2003). Adlx 9WEZ EFREE phvt AAolM B P
WA GPX137 7ol ﬂ"‘hﬂ'ﬂ S K] oW in vitro cell line
& o] &g APAet Zo] ROSE AHTA & AHAA
o &317] o]k, A W redox potential®} 4ol Tt
7FeidE g Eokan 2ot oj'l Aol Jpkt AAdE
FaoA A 8 FFoez FHHE 53] oA

l

= A e tzEA g 2A4H 559 Aasl
o] =A WHsle AoE Hol 2§ G wpAE9 s
ol 7% Aow gk

ARl 2

B ATE 9IRSl RAA S QAT
(R04-2001-000-00156-0)%] Aol &j3)) o]Foigom o]
YEQAe BRAGSFS T SalAz olo] AT
= 27] 7ol Be £ A TEIE AT,
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