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삶을 살아가면서 사람들은 수많은 선택의 갈림길에 서게 되고 최선이라 생각하
는 하나의 길을 걸어가게 되는 것 같습니다.2년 여 전,제 일생에 있어 중대한 선
택의 길목에  섰을 때 많은 고민과 갈등 속에서 ‘대학원’이란 길을 선택했던 때가
생각이 납니다.그 때 가졌던 많은 포부와 각오,제 자신에게 했던 다짐들 중에서
이룬 것도 많고 잊고 지냈던 것들도 많지만 오늘날의 제가 있도록 도와주신 많은
분들에게 감사의 말씀을 전하고 싶어 이 글을 시작하게 되었습니다.

부족함이 많은 저를 믿고 이끌어주셔서 오늘날 석사모를 쓸 수 있도록 지도해
주신 김명희 교수님께 먼저 감사의 말씀 전하고 싶습니다.가끔은 꾸지람을 듣기도
했지만,모난 돌이 정을 맞아 다듬어지고 조각품으로 거듭날 수 있듯이 교수님의
꾸지람과 가르침들이 제게 해주셨던 칭찬의 말씀들 못지않게 더 크게 자랄 수 있
는 밑거름이 되었다고 생각합니다.해부학 교실의 주임교수님으로 하시는 일이 많
으셔서 언제나 바쁘셔도 신경써주시고 격려해주신 박형우 교수님께 감사드립니다.
제가 기대했던 것 보다 더 인상이 좋으셨던 이수영 박사님,바쁘신 와중에도 관심
가져 주시고 격려해주시고 좋은 연구했다고 말씀해주셔서 얼마나 기쁘고 감사한지
모르겠습니다.논문 들고 꼭 시화로 찾아 뵐께요.
아무것도 모르던 학부생 시절,실험을 배울 수 있도록 배려해주신 김유삼 교수

님께도 감사드립니다.그 때가 없었다면 공부 계속할 생각도 못했을 것 같아요.단
순히 실험의 테크닉을 가르치는 게 아니라 생각하는 능력까지 키워준 생화학과
303실험실 언니,오빠들 모두 너무 고맙고 특히 사수였던 민선언니에게 고마움을
표하고 싶습니다.실험실 떠나서 연락 잘 못 드리긴 했지만 항상 생각하고 있었단
거 믿어주시길...
다음으로 저에게 소중한 분들이며 잊지 못할 발생학 실험실 사람들...더운 여름

날도 아닌데 땀 뻘뻘 흘려가며 frozen-section해주시느라 애 많이 쓰신 유병기 선
생님,실험실의 영원한 왕자님으로 남으실 박성도 선생님,슬럼프에 빠져 속상해
하고 있을 때 도와주신 정현주 선생님,실험이면 실험,진로면 진로...내 인생의 카
운셀러 양혜원 선생님,바빠도 뭐 물어보면 항상 친절히 대답해주시는 친절한 권윤



정 선생님,다시 발생학 실험실로 돌아와 반가운 공경아 선생님,때론 친구처럼 속
얘기 털어놓고 울기도 웃기도 하며 서로의 생각이 한 뼘씩 더 자랄 수 있도록 해
준 김혜선 선생님,지금은 실험실에 없지만 학위 과정 내내 실험이 겹쳐 서로 도움
을 주고 받았던 실험콤비 강진주 선생님,다시 새로운 시작을 준비하시는 정명섭
선생님,실험실에 있던 긴 세월 동안 처음이자 마지막으로 만난 동갑내기 스마일
걸 이미희 선생님,좁은 실험다이에서 머리 맞대고 같이 실험하고 있는 김은신 선
생님,한 때 짝꿍이었는데 지금은 병원에서 열심히 일하고 있는 오민철 선생님,나
라에 충성하고 있는 신정오 선생님,머리를 휘날리며 커다란 아이스크림 사들고 찾
아오시는 김지원 선생님...모두에게 고맙다는 말 전하고 싶습니다.
중학교 때부터 알고 지내 나의 진면목을 알고 있는 연옥이,애진이,고등학교

다니면서 내가 건진 최고의 친구 지원이,지은이,진로로 고민할 때마다 카운셀링
해주는 스마일 맨 재한이,대학시절 이 친구를 빼고 나면 남을 기억이 없을 거 같
은 진영이,날이 갈수록 예뻐지는 세련이 모두들 열심히 하라고 격려해줘서 고마
워.조만간 보자.내가 논문 쓰는 동안 덩달아 고생하면서도 따뜻한 격려의 말 잊
지 않은 인댕이 인호,미안했고 고마워.맛있는 거 쏠게,싼 거로 ^̂;;
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키워 주셔서 석사모 써요,드디어...평소에 잘 표현하지 못한 말이지만...사랑하고
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ABSTRACT

  

 Expression pattern of Jpk, a possible regulatory factor of Hoxa7, 

during mouse development and its pathological application

  

Eun Young Lee

  

Department of Medical Science

The Graduate School, Yonsei University

                                          

(Directed by Professor Myoung Hee Kim)

    Hox genes encoding homeodomain-containing transcriptional regulators play 

critical role in animal pattern formation during embryogenesis although the 

exact mechanisms are not known. Apoptosis, together with Hox, contribute to 

sculpture body. During the study on the regulation of Hox gene expression, a 

novel gene, Jpk, has been isolated as a putative trans-acting factor associating 

with the position-specific regulatory element of murine Hoxa7 by yeast 

one-hybrid method. Interestingly, Jpk caused apoptosis when it was 

overexpressed in bacteria and eukaryotic cells. However, the study on the 

correlation between Jpk and Hoxa7 expression during the embryonic 

development has not been studied yet. Sequence analyses showed that Jpk was 

a homologous gene of Tanis. It has been reported to be expressed differentially 

in the liver of diabetic rats, so that it was proposed to be a possible diagnostic 

marker for the diabetes. 
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    In an attempt to study the effect of Jpk on the expression of Hoxa7, we 

analyzed the expression pattern of Jpk during murine embryogenesis using  

RT-PCR as well as in situ hybridization technique. Temporal expression pattern  

through RT-PCR revealed that the Jpk is expressed in all stages of 

development analyzed, which is similar to that of Hoxa7. When the spatial 

expression pattern was analyzed using embryos of day 12.5 p.c., the thoracic 

region harboring heart, lung and forelimb expressed Jpk strongly, and then the 

tail region as well. In the case of in situ hybridization, similar expression of 

both Jpk and Hoxa7 were observed in the neural tube and ganglia, somite, 

cartilage primordium of vertebra and rib, metanephros, liver, pancreatic 

primordium and lung, although the expression regions were not perfectly 

overlapping in certain areas. According to the result above, Jpk could be a 

possible candidate for the regulatory factor of Hoxa7 in the manner expressing 

in the similar areas and similar time. To confirm whether the Jpk is a 

regulatory factor of Hoxa7, a reporter (pGL2-NM307) harboring a 307 bp 

(NM307) of Hoxa7 PSRE (position specific regulatory element) was constructed 

in vitro. In the presence of Jpk, the reporter activity was increased and this 

enhancement was decreased by siRNA against Jpk. 

    Lastly, to find out whether Jpk can be used as 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 using RT-PCR method. The Jpk gene turned out to be expressed in 

all organs tested, with some different expression profiles among normal and 

diabetes, though: compared to the normal rat, the Jpk expression level in blood 

was remarkably up-regulated (about 15~30 times) in diabetes whether in normal 

or fasting conditon.
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    These results altogether indicate that Jpk is a possible regulatory factor of 

Hoxa7 and could be a candidate gene for the plausible diagnostic marker for 

the diabetes.

Key words : diabetes, diagnostic marker, embryogenesis, expression pattern,     

           Hoxa7, Jpk, regulatory factor 



- 4 -

  

  

Expression pattern of Jpk, a possible regulatory factor of Hoxa7, 

during mouse development and its pathological application

  

Eun Young Lee

  

Department of Medical Science

The Graduate School, Yonsei University

                                          

(Directed by Professor Myoung Hee Kim)

Ⅰ . INTRODUCTION

     

    Hox genes, which encode homeodomain-containing transcriptional 

regulators, play critical role in animal pattern formation during embryogenesis.1,2 

In mammals, the 39 Hox genes are arranged in four individual chromosomal 

cluster A, -B, -C and -D. Comparison of sequences between homeobox and 

coding regions revealed that Hox genes were categorized again into 13 

paralogues of highly related genes and these genes are placed at the same 

relative site in individual cluster. The number and organization of each cluster 

is highly conserved among species throughout evolution.3-7 Although the 

organization of murine Hox clusters has been described well like this, how 

these genes act on pattern formation remains largely not known.

    The expression of Hoxa7, which is located at the middle of a HoxA 



- 5 -

cluster, is started from gastrulation stage around day 7.5 post coitum (p.c.), and 

peaked at day 12.5 p.c. and decreased since then. Spatially, Hoxa7 was 

expressed in specific regions of the neuroectoderm- and mesoderm-derivative 

cells along stage-specific pattern.8,9

    During the study on the regulation of Hox gene expression, a novel gene, 

Jpk was isolated as a putative regulatory factor associating with the position 

specific regulatory element (PSRE) of murine Hoxa7 gene by yeast one-hybrid 

method.10 Interestingly, Jpk caused apoptosis (also known as programmed cell 

death) when it was overexpressed in bacteria and eukaryotic cells through ROS 

generation.11-13 Apoptosis, along with Hox, contributes to developmental process. 

This mechanism acts on sculpting such as elimination of excess, non-functional 

or harmful cells.14,15 However, the study on the correlation between Jpk and 

Hoxa7 expression during the embryonic development has not been studied yet.

    Sequence analyses showed that Jpk is a homologous gene of Tanis, 

originally isolated from Israeli sand rat having type 2 diabetes.16 Diabetes 

Mellitus is a non-communicable disease caused by insulin-deficiency or 

-resistance. According to the factor of disease, diabetes is divided into 2 types, 

type 1 and type 2 diabetes. Type 1 diabetes usually results from destruction of 

insulin producing pancreatic beta cells through autoimmune responses whereas 

type 2 diabetes, whose peril increases with aging, tends to resist for insulin by 

a combination of both genetic factors and environmental interactions.17-19 Tanis 

affects insulin working in hepatoma cells and its expression was regulated by 

insulin and glucose in adipose tissue of type 2 diabetes.20,21 Intriguingly, 

McClung et al. reported that hyperglycemia leads to generation of ROS and 

insulin resistance is related with its role although the mechanism is not known 

well.22 Recently, Jpk has been identified in silico as a SelS, novel member of 
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the selenoprotein, as well as a member of  glucose-regulated protein family.23,24 

Selenoproteins contain selenocystein (Sec), the 21st amino acid, by decoding 

UGA as selenocystein in the presence of SECIS (Sec Insertion Sequence).23,25 

The function of some selenoproteins were known to be involved in the 

regulation of cellular redox balance.25 Certain cell such as Min6 showed the 

resistancy to the oxidate stress when SelS was overexpressed,24 whereas Jpk 

overexpression induced apoptosis though ROS generation in F9 cells, murine 

teratocarcinoma cells.13 Although the function of SelS/Jpk is still obscure at 

present day, SelS/Jpk seemed to be associated with redox homeostasis. VIMP 

(vcp-interacting membrane protein), another name of Jpk has been reported to 

participate in elimination of misfolded or unfolded proteins into the cytosol 

from the ER by retro-translocation which is an important physiological 

adaptation to ER-stress.26,27 

    Here, we investigated the spatiotemporal expression pattern of Jpk during 

murine embryogenesis by RT-PCR as well as in situ hybridization technique to 

study the effect of Jpk on the expression of Hoxa7. Then, to confirm whether 

the Jpk is a regulatory factor of Hoxa7, effector-reporter assay was performed  

in murine teratocarcinoma F9 cells. Moreover, Tanis has been reported to be 

expressed differentially in the liver of diabetic rats,16 so that it was proposed to 

be a possible diagnostic marker for the diabetes. Therefore, to find out whether 

Jpk can be used as a possible diagnostic marker and/or new therapeutic agent 

for the Diabetes Mellitus, we analysed the expression pattern of Jpk among 

several organs of normal and diabetic rats after feeding or fasting.
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Ⅱ . MATERIALS AND METHODS

 

1. Preparation of embryos

    

    At dusk, 3-4 females of ICR mice (Samtako, Osan, Korea) were caged 

together with male and the females were examined for the presence of 

vaginal plug in the next morning. When the plus was detected, this time 

was defined as day 0.5 p.c..

    The pregnant females were sacrificed at the required stage by cervical 

dislocation and embryos were isolated by removing the maternal and 

extraembryonic portion in 1x PBS. For RNA extraction, the whole embryos 

or the portions of embryos were frozen in liquid nitrogen as quickly as 

possible, and then stored at -70℃ : In the case of day 12.5 p.c., 7 slices 

were made along the anteroposterior axis.

    For histology, dissected embryos were fixed in 4% paraformaldehyde 

/PBS at 4℃ for several hours (for embryos of day 7.5 and 8.5 p.c., 2 hr; 

over day 9.5 p.c., 24 hr). For whole mount in situ hybridization, embryos 

were washed with 1x PBT (1x PBS, 0.1% Tween 20), 25%, 50%, 70% 

MetOH/PBT and 100% MetOH at room temperature, then stored at -20℃
until need. For frozen-section in situ hybridization, fixed embryos were 

transferred to 30% sucrose in 1x PBS overnight at 4℃ . Then embryos 

were mounted in tissue tek (Miles Inc. Diagnostic division, Elkhard, IN, 

USA) and covered with Tissue Freezing Medium (Triangle Biomedical 

Science, Durham, N.C., USA) and stored at -70℃ . 
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2. Experimental animals and organ isolation

    Sprague-Dawley (SD) rats were used for induction of diabetes by 

streptozotocin. Forty days old male SD rats were injected intravenously 

with streptozotocin (STZ dissolved in 0.1 M citrate buffer, pH 5.5) at the 

dose of 55 ㎎ per body weight (㎏ ) via the tail vein. Both normal and 

diabetic SD male rats were housed with free access to food and water. 

Animals were fasted for 24 hr or fed ad libitum, and then fasted animals 

were refer for 24, 51, 72 hr, respectively. Normal and diabetic SD rats 

were sacrificed using CO2 gas, each organs (liver, blood, kidney, spleen, 

heart, muscle, brain, testis, lung) were isolated, and then frozen in liquid 

nitrogen as quickly as possible. The frozen organs were stored at -70℃
util being processed for RNA extraction. 

    

3. RNA isolation and Reverse Transcription (RT) PCR

    

    Total RNA was isolated from embryos according to the acid 

phenol-guanidinium thiocyanate-chloroform extraction method.28 Reverse 

transcription (RT) was performed using 2 ㎍ of the RNA at 37℃ for 1 hr in 

reaction volume of 25 ㎕ containing 0.5 mM dNTP, 10 mM DTT, 100 pmole 

oligo-dT/random primer, 5x RTase buffer, 100 units RTase, and 40 units RNase 

inhibitor (Koschem. INC, Korea). 1 ㎕ of the RT reaction mixture was used for  

PCR using specific primers. β-actin and 18S-rRNA were used as an internal 

control normalize. PCR reaction was carried out as the followings; 5 min at 94℃ , 

then 25 cycles of 94℃ for 30 sec, appropriate annealing temperature for each 

primer (β-actin; 55℃ , 18S-rRNA; 55℃ , Jpk; 52℃ , Hoxa7; 55℃ ), and 72℃ for 1 
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min using Thermal cycler (Perkin Elmer, Wellwsley, MQ, USA).  The primers 

used in these experiments were presented in Table 1. 

Table 1. Primer sequences used in the experiment

4. Preparation of RNA probe

  

    A pGEM-7Zf(+) plasmid containing Jpk was linearized with XhoI and 

HindⅢ separately and then transcribed with Sp6 and T7 RNA polymerase, 

respectively, for 2 hr at 37℃ in the presence of nucleotide mixtures 

containing digoxygenine labeled UTP to synthesize an antisense and sense 

(contol) RNA probes. Likewise, a pGEM-3Zf(+) plasmid containing Hoxa7 

was linearized with EcoRI and SacⅠ individually and transcribed with Sp6 

and T7 RNA polymerase, respectively. 
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5. Whole mount in situ hybridization

    Embryos stored at -70℃ were rehydrated with 75%, 50%, 25% 

MetOH/PBT and PBT and bleached with 6% hydrogen peroxide in PBT 

for 1 hr and then treated with 10 ㎍ /㎖ proteinase K in PBT for 15 min. 

Then embryos were washed with 2 ㎎ /㎖ glycine/PBT to stop the  

proteinase K activity and refixed with 0.2% glutaraldehyde/ 4% 

paraformaldehyde in PBT for 20 min. Embryos were incubated in 

prehybridization mix [50% formamide, 5x SSC (pH 4.5), 50 ㎍ /㎖ yeast 

RNA, 1% SDS, 50 ㎍ /㎖ heparin] at 70℃ for 1 hr. For hybridization with 

target mRNA, embryos were incubated in hybridization solution containing 

1 ㎍ /㎖ digoxygenine labelled RNA probe at 70℃ overnight. Next day, 

embryos were washed with solutionⅠ [50% formamide, 5x SSC (pH 4.5), 

1% SDS] at 70℃ for 30 min twice and 1: 1 = solutionⅠ : solutionⅡ at 

70℃ for 10 min, then washed 3 times with solutionⅡ [0.5 M NaCl, 10 

mM Tris-Cl (pH 7.5), 0.1% Tween-20] at room temperature for 5 min and 

solutionⅡ containing 100 ㎍ /㎖ RNase A at 37℃ for 30 min twice, 

solutionⅢ [50% formamide, 2x SSC (pH 4.5)] at 65℃ for 30 min twice. 

After washing 3 times with 1x TBST, embryos were preblocked with 

blocking solution (FBS 1 ㎖ , 10% blocking powder 1 ㎖ , Malate buffer 3 

㎖ ) for 90 min and incubated in blocking solution harboring anti-dig 

antibody solution (antibody: blocking solution= 1: 2000) at room 

temperature for 24 hr. Next, post-antibody wash was executed with 1x 

TBST for 1 hr 5 times and NTMT for 30 min twice. In the last washing 

step with NTMT, embryos were incubated for 24 hr. The following day, 

histochemistry was performed with 1 ㎖ NTMT containing 4.5 ㎕ NBT 



- 11 -

(Boehringer Mannheim, Mannheim, Germany), 3.5 ㎕ BCIP (Boehringer 

Mannheim, Mannheim, Germany) in dark condition. When the appropriate 

signal was detected, embryos were washed with 1x PBT to stop color 

development reaction. 

6. Frozen-section  in situ hybridization

    Frozen embryo blocks were sliced at 12-14 ㎛ using microtome and 

transferred to coating slide. The slides were stored at -70℃ until need. For 

histology, the stored slides were dried at room temperature for 2 hr. Then 

the sections were fixed in 4% paraformaldehyde/PBS for 20 min at room 

temperature and then treated with proteinase K [1 ㎍ /㎖ in 50 mM Tris-Cl 

(pH 7.5), 5 mM EDTA] for 4 min. Next, slides were refixed with 4% 

paraformaldehyde/PBS for 5 min at room temperature then  washed 3 

times with PBS for 3 min each. Acetylation (3.4 ㎖ triethanolamine, 0.445 

㎖ HCl, 0.636 ㎖ acetic anhydride, 245 ㎖ H2O) was executed for 10 min 

at room temperature and washed with PBS. Then hybridization solution (the 

same solution used in whole mount in situ) containing 200-400 ng/㎖
digoxygenine labelled RNA probe which was heated to 80℃ for 5 min 

was added onto the slides. And slides were incubated in humidified 

chamber (5x SSC, 50% formamide) in condition covered with parafilm 

overnight at 72℃ . After carefully removing cover, slides were transferred 

into 0.2x SSC and incubated for 3 hr at 72℃ . Then sections were 

incubated in 0.2x SSC at room temperature for 5 min, and in buffer B1 

[0.1 M Tris (pH 7.5), 0.15 M NaCl, 240 ㎎ /ℓ levamisole] for 5 min. 

Blocking solution (the same solution used in whole mount in situ) was 
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added onto the slides for 1 hr, and then replaced with the blocking 

solution containing anti-dig antibody solution (antibody: blocking solution= 

1: 5000) at 4℃ overnight in the humidified chamber with H2O. The 

following day, rinsing with buffer B1 3 times was followed by 

equilibration with buffer B3 [0.1 M Tris (pH 9.5), 0.1 M NaCl, 50 mM 

MgCl2, 240 ㎎ /ℓ levamisole] at room temperature for 5-10 min. Then 

slides were incubated with buffer B4 (buffer B3 including 4.5 ㎕ NBT, 3.5 

㎕ BCIP) on parafilm covers in humidified chamber with H2O in dark 

condition. When signal was detected, embryos were washed with 1x PBS 

to stop color development reaction, dried, and mounted with Universal 

Mount (Huntsville, AL, USA). 

7. Cell culture and transient transfection 

    F9 (Murine embryonic teratocarcinoma cell line) and COS7 (Monkey 

kidney cell line) were cultured in Dulbecco's Modified Eagle's Medium 

(DMEM: Gibco BRL, Carsbad, CA) containing 10% fetal bovine serum 

(FBS: JBI, Seoul, Korea), 100 ㎍ /㎖ penicillin, and 100 ㎍ /㎖ streptomycin 

(Gibco BRL) at 37℃ with 5% CO2. For assay, 1 x 105 cells/well were 

seeded into the 12 well plate coated with 0.1% gelatin. Effector 

(pEGFP-Jpk) and reporter (pGL2-NM307, -NR271, -NS218, -OM213, and 

-BM112) constructs for transient transfection were prepared as described 

previously.12 When reached 70-80% cell confluency, cells were 

co-transfected with each effector and reporter plasmids as well as 

pRL-SV40 vectors using LipofectamineTM (Invitrogen, Carlsbad, CA) and 

PlusTM Reagent (Invitrogen, Carlsbad, CA) according to the  manufacturer's 
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manuals. pRL-SV40 vectors encoding Renilla luciferase were used as the 

control reporter gene. Then cells were incubated at 37℃ with 5% CO2 for 

24 hr.    

8. Preparation of siRNA against Jpk  

    The siRNA candidates for Jpk gene were analyzed (Table 2) and 

siRNAs which has the most possibly knock down effect were purchased 

from Samchully Pharm Co. Ltd. (Siheung, GyeongGi, Korea). Then siRNA 

was prepared and used according to the manufacturer's protocol. 

Table 2. Candidate sequences of siRNA against murine Jpk gene

         

9. Effector-reporter assay

    Effector-reporter assay was performed using Dual-LuciferaseⓇ  Reporter 

Assay System (Promega, Madison, WI, USA) according to manufacturer's 

instructions. In briefly, F9 cells were harvested and lysated using 1x PLB 

(passive lysis buffer), 24 hr after transfection with each effector and 
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reporter plasmids. The cell lysate (20 ㎕ ) was mixed with 100 ㎕ of LAR

Ⅱ (luciferase assay reagentⅡ ), and firefly luciferase activity was measured 

by luminometer. And then 100 ㎕ of Stop & GloⓇ  reagent was added into 

sample tube to measure of Renilla luciferase activity. TD-20/20 

Luminometer (Turner Designs, Sunnyvale, CA) was programed to perform a 

2 sec pre-measurement delay, followed by a 10 sec measurement period for 

each luciferase activity.   
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Ⅲ . RESULTS

1. Spatiotemporal expression pattern of Jpk

    In order to analyze of correlation between Jpk and Hoxa7 expression 

during murine embryogenesis, we first analyzed the temporal expression pattern 

of Jpk as well as Hoxa7 using the embryos from day 8.5 to 18.5 p.c.. As 

shown in Figure 1, both Jpk and Hoxa7 were expressed in all stage of 

development analyzed. The highest expression level was detected in both day 

8.5 and 12.5 p.c. embryos, and gradually decreased after day 12.5 p.c.. 

    Since an embryo of day 12.5 p.c. expressed both Jpk and Hoxa7 at high 

level, we further analyzed the spatial expression pattern of these genes after 

slicing the embryo (E12.5) into seven fragments (segment 1-7) along the 

anteroposterior axis. Expression of Jpk was detected in all regions, with high 

expression at the thoracic (segment 4) and tail (segment 7) regions. In the case 

of Hoxa7, strong expression was detected in the thoracic (segment 4 and 5) 

region, whereas in other region, low level of expression was detected (Figure 

2).        
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Figure 1. Temporal expression pattern of Jpk and Hoxa7 in mouse embryos of 

day 8.5-18.5 p.c.. PCR product was normalized using β-actin. Diagram of 

embryos used in the experiment was presented.
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Figure 2. Spatial expression pattern of Jpk and Hoxa7 in mouse embryo of day 

12.5 p.c.. (A) The embryos were sliced into seven regions along the 

anteroposterior axis. (B) A sagittal-sectional view of day 12.5 p.c. and 

presumptive organs located in each section. (C) RT-PCR pattern of Jpk and 

Hoxa7. PCR product was normalized using 18S-rRNA. 
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2. Three-dimensional expression pattern of Jpk during murine embryogenesis

    Three-dimensional expression pattern of Jpk was analyzed using the 

embryos from day 7.0 to 15.5 p.c. through whole mount as well as 

frozen-section in situ hybridization technique. And we also tried to compare the 

expression pattern of Jpk and Hoxa7 through developmental stages. Embryos of 

day 16.5 to 18.5 p.c. revealed weak expression pattern in the RT-PCR data 

were excluded from these experiments because weak expression is difficult to 

detect using in situ hybridization technique.

    At gestational stage of day 7.0 p.c., both Jpk and Hoxa7 expressed weakly 

in visceral endoderm which is an extraembryonic portion (Figure 3A, B). In 

the case of frozen-section in situ at this stage, however, weak signal of Jpk 

and Hoxa7 was concurrently detected in ectoderm and endoderm as well as 

visceral endoderm (Figure  3C, D). From day 8.0-8.5 p.c., the neural ectoderm 

began to be positive for Jpk. Its signal was observed within anterior- and 

posterior neural ectoderm and mesenchyme which is mesoblastic cell at day 

8.0-8.5 p.c., whereas Hoxa7 was only expressed in the posterior neural 

ectoderm and mesenchyme (Figure 3E-H). At day 9.0 p.c., Jpk expression was 

continued on the neuroepithelium (Figure 3K, L). Signal was also detected in 

somite and heart (Figure 3J, M).

    In later stages, Jpk expression was shown in the branchial pouch, elements 

of hepatic/biliary primordia and neuroepithelium of day 10.5 p.c. embryos 

(Figure 4A-D). In the case of day 11.5 p.c. embryos, the whole mount in situ 

hybridization revealed that Jpk was expressed in heart, liver and neural 

epithelium along the antero-posterior axis (Figure 4H, L). Frozen-section in situ 

hybridization patterns were similar to those of whole mount (Figure 4E-G, J, 
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K). The expression of Jpk was also detectable in the dorsal root ganglia, which 

are neural crest cell derivatives (Figure 4I). Around day 12.5 p.c., both Jpk 

and Hoxa7 signal was shown in the dorsal root ganglia and mantle region of 

spinal cord (Figure 4O, T and P, U), whereas in liver, only Jpk expression 

was detected (Figure 4Q). Although both Jpk and Hoxa7 were expressed in the 

cartilage primordium of thoracic vertebral body, the exact area of expression 

was not overlapping (Figure 4N, S). 

    At later stages (day 13.5, 15.5 p.c.), the liver continued to express Jpk 

(Figure 4Z). Expression of Jpk was also found in the cartilage primordiums of 

thoracic vertebral body and head of rib, dorsal root ganglion and mantle region 

of spinal cord at day 13.5 p.c., continuously (Figure 4W-Y). Hoxa7 signal was 

strongly detected in dorsal root ganglion which was similar to that of Jpk 

(Figure 4c). Like at the stage of day 12.5 p.c., expression region of Jpk and 

Hoxa7 was not overlapping in the cartilage primordium of thoracic vertebral 

body and head of rib although expression was observed in the same area 

(Figure 4b). In the case of day 15.5 p.c. embryos, Jpk was detected in 

cartilage primordium of rib, submandibular gland, primordium of tooth, lung, 

pancreatic primordium, medullary region of metanephros and liver (Figure 

4d-k).
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Figure 3. Jpk and Hoxa7 expression pattern during gastrulation and early 

organogenesis. Whole mount in situ hybridization of Jpk (A, E) and Hoxa7 (B, 

F) at day 7.0, 8.0-8.5 p.c., respectively. Frozen-section in situ hybridization of 

Jpk (C, G) and Hoxa7 (D, H) were performed with sagittal section at day 7.0 

p.c., frontal section at day 8.0-8.5 p.c.. Frozen-section in situ hybridization of 

Jpk of sagittal section (I, J, K, L and M) at day 9.0 p.c.. (A, B) visceral 

endoderm; (C, D) visceral endoderm (ve), ectoderm (et), endoderm (ed); (E, F) 

neural tissue (nt); (G, H) neural ectoderm (net), mesenchyme (mc); (I) full 

shot; (J) somite (K) neuroepithelium of neural tube; (L) neuroepithelium of 

brain; (M) bulbus cordis of heart.   
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Figure 4. Jpk and Hoxa7 expression pattern during late organogenesis. 

Frozen-section in situ hybridization of Jpk was performed in sagittal section at 

day 10.5 (A-D), 11.5 p.c. (E-G, I-K) and day 15.5 p.c. (d-k). Frozen-section in 

situ hybridization of Jpk (M-Q, V-Z, d-k), and Hoxa7 (R-U, a-c) were 

performed sagittal section at day 12.5 (M-U), 13.5 p.c. (V-Z, a-c). Whole 

mount in situ hybridization of Jpk at day 11.5 p.c. (H, L). (A, E, M, R, V, a, 

d) full shot; (B) branchial pouch; (C) elements of hepatic/biliary primordia 
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within septum transversum (D) neuroepithelium (F) hepatic primordium (G) 

heart; (H) heart (h), liver (l); (I) dorsal root ganglia; (J, K) neuroepithelium of 

neural tube; (L) neural tube; (N, S) cartilage primordium of thoracic vertebral 

body; (O, T) dorsal (posterior) root ganglia; (P, U) mantle region of spinal 

cord in lumbo-sacral region; (Q) liver; (W, b) cartilage primordium of thoracic 

vertebral body (cpv), cartilage primordium of head of rib (cpr); (X, c) cartilage 

primordium of cervical vertebral body (cpv), dorsal (posterior) root ganglia 

(drg); (Y) mantle region of spinal cord in lumbo-sacral region ;(Z) liver; (e) 

catilage primordium of rib; (f) primordium of lower incisor tooth; (g) 

submandibular gland; (h) pancreatic primordium (i) metanephros (j) segmental 

bronchus within cranial lobe of lung; (k) liver. 
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3. The effect of Jpk on Hoxa7 expression

  A. Analysis of Jpk reactivity on the position specific regulatory             

      element (PSRE) of Hoxa7

    Previously, Jpk has been proposed to be a putative factor which seemed to 

associate with the PSRE of Hoxa7.10 In this study, the spatiotemporal 

expression pattern of Jpk was very similar to that of Hoxa7 when analyzed 

using RT-PCR as well as in situ hybridization technique. Therefore, we tried to 

analyze whether Jpk is a real regulatory factor of Hoxa7 using reporter 

harboring luciferase under the PSRE and effector expressing Jpk as a EGFP 

fused form. 

    A reporter plasmid (pGL2-NM307) harboring a 307 bp of Hoxa7 PSRE  

and effector plasmid (pEGFP-Jpk) including 1.2 kb full size of Jpk were 

constructed (Figure 5A).12 Then F9 cells were co-transfected with the 0.5 ㎍ of 

effector and 0.5 ㎍ of reporter plasmids as well as 10 ng of pRL-SV40 

vectors. Effector-reporter assay revealed that Jpk (pEGFP:C1-Jpk) stimulated the 

PSRE of Hoxa7, through which reporter (luciferase) activity was up-regulated. 

As shown in Figure 5B, however, empty vector (pEGFP:C1) also up-regulated 

the reporter expression. In order to see whether the up-regulation was due to 

the endogenously expressed Jpk in F9 cells, the expression of Jpk was tested 

in the absence of transfection. RT-PCR data revealed that F9 cells indeed 

expressed Jpk without transfection of pEGFP:C1-Jpk (Figure 5C).
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Figure 5. Analysis of Jpk reactivity on PSRE of Hoxa7 in F9 cells. (A) 

Diagram of PSRE of Hoxa7 tagging firefly luciferase gene. GAGA binding site 

(   ) and RARE (   ) are marked. (B) F9 cells were co-transfected with the 

0.5 ㎍ of  effector and 0.5 ㎍ of  reporter plasmids as well as 10 ng of 

pRL-SV40 vectors. At 24 hr after transfection, luciferase activity was measured 

using Dual luciferase reporter assay kit. Transfection  efficiency for each assay 

was normalized by cotransfection of Renilla luciferase gene. The values of data 

was calculated by comparing with the normalized luciferase activity of pGL2 

and pEGFP:C1-Jpk transfected cells. The normalized luciferase activity from the 

cells co-transfected with pGL2 and pEGFP:C1-Jpk was set as 100%. The 

results are mean value of three independent expriments. (C) RT-PCR was 

performed using murine Jpk primer in non-treatment F9 cells. 
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  B. Preparation of Jpk siRNA and its specificity on Jpk 

    In order to knock down activity of Jpk, siRNAs against Jpk was designed 

and constructed (Table 2 and Figure 6): (1) located in the middle of the 

coding region and (2) in the 3' UTR (untranslated region).   

    To find out whether Jpk siRNAs specifically reduced its expression, Jpk 

fused into the EGFP (pEGFP:C1-Jpk) and Jpk siRNA were co-transfected into 

F9 and COS7 cells. In the case of cells transfected with pEGFP:C1-Jpk and 

Jpk siRNA (Figure 7Ab, Ad), intensity of EGFP was significantly reduced 

compare with the controls (Figure 7Aa, Ac) although transfection efficiencies 

were similar (Figure 7B). This result indicates that Jpk siRNA specifically 

functions against its target mRNA, i.e., EGFP-Jpk mRNA.   
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Figure 6. The nucleotide sequecnes of murine Jpk cDNA and the             

 locations of siRNAs, (1) and (2). The start ( ▶ ) and stop ( ★  ) codons are 

marked. 
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Figure 7. Expression pattern of EGFP-Jpk protein following the treatment      

of Jpk siRNA in F9 and COS7 cells. (A) The image was captured 20 hr after 

transfection. pEGFP-Jpk and pRL-SV40 were co-trasnfected in the presence (b, 

d) or absence (a, c) of 10nM siRNA. (B) Transfection efficiencies of only 

pEGFPF-Jpk transfected cells and pEGFP-Jpk together with siRNA transfected 

cells. At 24 hr after transfection, luciferase activity was measured using Dual 

luciferase reporter assay kit.    
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C. Mapping of Jpk responsive region along the PSRE

    In order to map the Jpk-responsive region along the PSRE, reporter 

plasmids harboring various deletion forms of Hoxa7 PSRE were constructed as 

described previously12 using specific primer (N, O, B, S, R, and M) sets 

(Figure 9). Since F9 cells expressed Jpk endogenously (Figure 7), F9 cells 

were co-transfected with reporter vector as well as Jpk siRNA in the absence 

of effector vector (pEGFP:C1-Jpk) in order to elucidate whether up-regulation 

of reporter activity was dependent on the function of endogenous Jpk. As 

shown in Figure 8, the reporter activity was increased without transfection of 

pEGFP:C1-Jpk, and this enhancement was decreased about 60% by siRNA 

against Jpk demonstrating that the up-regulation of reporter expression was 

induced by the endogenous Jpk. Therefore, cells were co-transfected with each 

reporter vector (pGL2-NM307, -NR271, -NS218, -OM213, and -BM112) as 

well as Jpk siRNA, respectively, without effector vector (pEGFP:C1-Jpk).  

Reporter activities were increased in all cases and decreased by Jpk siRNA 

except pGL2-OM213 (Figure 10). Especially, NS218 including a couple of 

GAGA binding sites and BM112 harboring two RAREs were significantly 

up-regulated by the function of Jpk. Interestingly, Jpk significantly 

transactivated BM112 containing the region of two RAREs, whereas OM213 

harboring those of BM112 and one additional GAGA binding site was not, 

indicating that there seems to be a certain negative regulatory element located 

in the fragment OM213 where BM112 is not overlapping.
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Figure 8. Knock-down effect of Jpk siRNA in F9 cells without pEGFP-Jpk 

transfection. Instead of transfection of effector plasmid, Jpk siRNA was 

co-transfected with 1 ㎍ of reporter plasmid. Luciferase activity was measured 

24 hr after transfection using Dual luciferase reporter assay kit (Promega). 

Transfection efficiency for each assay was normalized by cotransfection of 

Renilla luciferase gene. The values of data was calculated by comparing with  

the normalized luciferase activity of empty vector transfected cells. The 

normalized luciferase activity from the cells transfected with pGL2 was set as 

100%.  The results are mean value of three independent expriments. 



- 31 -

                                                                      

Figure 9. The nucleotide sequences of PSRE of Hoxa7. Each primer sites are 

marked with N, O, B, S, R and M. GAGA binding site (open circles) and 

RARE (open rectangles) are marked. 
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Figure 10. Analysis of Jpk-responsive regions along the PSRE of Hoxa7. 

Reporter constructs containing several deletion form of PSRE of Hoxa7 are 

presented. GAGA binding sites (  ), RARE (   ) and luciferse gene (  ) are 

marked. F9 cells were co-transfected with the 1 ㎍ of reporter plasmids as 

well as 10 ng of pRL-SV40 vectors. At 24 hr after transfection, luciferase 

activity was measured using Dual luciferase reporter assay kit. Transfection  

efficiency for each assay was normalized by cotransfection of Renilla luciferase 

gene. The values of data was calculated by comparing with  the normalized 

luciferase activity of pGL2 transfected cell in the presence or absence Jpk 

siRNA, respectively. The normalized luciferase activity from the cells 

transfected with pGL2 in the presence or absence Jpk siRNA was set as 100%, 

respectively. The results are mean value of three independent expriments. 
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4. The expression profile of Jpk in both normal and diabetic rats 

    Jpk/Tanis has been reported to be expressed differentially in the liver of 

diabetic rats,16 so that it was proposed to be a possible diagnostic marker for 

the diabetes. Therefore, to find out whether Jpk can be used as 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 

rats using RT-PCR after feeding or fasting. 

    Diabetic animal models were made by single injection of streptozotocin. 

Streptozotocin, which is a highly effective cytotoxic agent for pancreatic β-cells, 

induces experimental diabetes by specific destruction of β-cells.29,30 After 3 days 

injection, SD rats having blood glucose level of above 500 ㎎/㎗ were 

selected.       

   As shown in Figure 11, Jpk mRNA was expressed in all organs tested such 

as liver, blood, kidney, spleen, heart, muscle, brain, lung, and testis with some 

different expression profiles among normal and diabetes, following feeding or 

fasting. 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. In 

order to elucidate whether up-and-down regulation of Jpk mRNA is dependent 

on fasting, 24 hr fasted animals were refed for 24, 51 and 72 hr, each. And 

then organs were dissected and analyzed the expression of Jpk. According to 

the time, we confirmed that the expression was recovered (Figure 11A-D). In 

terms of Jpk expression following fasting, some organs such as liver, spleen, 

and lung down-regulated it in normal rat, whereas in diabetic rat the expression 

was up-regulated (Figure 11A, D, I). On the other hand, Jpk mRNA contents 



- 34 -

in the organs such as kidney, brain, and testis were not affected by feeding or 

fasting in both normal and diabetes (Figure 11C, G, H).

    In the case of liver where is the sole site for glycogen synthesis and the 

maintenance of glucose homeostasis, Jpk expression was up-regulated after 24 

hr fasting in diabetes but not in normal (Figure 11A), as reported previously 

by Walder et al..16 Compared to that of normal rat, the Jpk expression level in 

blood was remarkably up-regulated (about 15~30 times) in diabetic rat whether 

in feeding or fasting conditon (Figure 11B). 
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Figure11. 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 β-actin product as written in the 

Materials and Methods. The normalized expression value of normal feed rat 

was set as 1. Experiments were repeated 3 times and data were average values. 
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Ⅳ . DISCUSSION

    Hox proteins function as a master regulator in pattern formation during the 

embryogenesis and have a conserved developmental mechanisms all over the 

animal species.14,31,32 The misexpression or mutation of Hox gene causes 

homeotic transformations associated with malformation of axial structures and 

organs.33,34 Although upstream mechanisms for Hox expression has barely been 

known, recently published study shows that PcG proteins are transcriptional 

repressors of Hox genes and TrxG proteins involve in transcriptional activation 

of Hox genes.34           

    Jpk, a novel gene, was isolated as a putative regulatory factor associating 

with the upstream regulatory sequence of murine Hoxa7 gene by yeast 

one-hybrid method.10 Unexpectedly, however, Jpk caused apoptosis when it was 

overexpressed in bacteria as well as in eukaryotic cells.11-13 Apoptosis is a 

normal process occurring during development. And it has been reported that 

Hox participates in apoptosis: mutation of the Hoxa13 reduces apoptosis in 

mouse interdigital regions35 and in Drosophila, the Antennapedia induces 

apoptosis when it was misexpressed in the eye imaginal disc.36

    In this study, we investigated the spatiotemporal expression pattern of Jpk  

during murine embryogenesis to study the effect of Jpk on the expression of 

Hoxa7. The temporal expression pattern of Jpk turned out to be very similar to 

those of Hoxa7 throughout the murine embryonic development. In the spatial 

expression analysis, Jpk was expressed in all regions of embryo of day 12.5 

p.c., especially, with high expression in the thoracic region harboring anterior 

boundary of Hoxa7 expression. According to the previous studies, HOXA7 
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enhancer sequences harboring the RARE repeat sequence and two GAGA 

binding site were conserved throughout animal species. And in vitro and in 

vivo analysis suggested that the region including the GAGA binding site was 

important for anterior boundary formation in vivo and the region covering the 

RARE was critical for expression rate.37 Therefore, these present and previous 

results imply that Jpk might have some role in decision to form the anterior 

boundary of expression as well as the expression rate of Hoxa7 during 

embryogenesis. 

    In the neuronal cells, Jpk expression was first observed in the neural 

ectoderm of  day 8.0 p.c. embryo and then expression was continually detected 

in the neural tube, spinal cord and ganglia of day 13.5 p.c. embryo. For the 

proper spacing and orientation of neurons, apoptosis is a necessary mechanism 

and actually, mice with mutations for either caspase-3 or caspase-9 die around 

birth from massive cell over-growth in the nervous system.38-40 Hoxa7 

expression has also been reported in the neural tube, spinal ganglia and spinal 

cord from day 8.5 to 12.5 p.c.,8,9 and these expressions were confirmed in this 

report. The meaning of Hoxa7 expression during the neuronal development still 

remain poorly understood. However, in the case of Hoxc8, an another Hox 

gene located in the HoxC cluster, it seems to be repressed expression of APP 

(β-amyloid precursor protein) which was important for cell viability and 

neuroprotection.41 Thus, we can propose that Jpk contributes to control the 

number of neuronal cells and Hoxa7 may participate to this process.  

    Somite, which is paraxial mesoderm cell cluster, differentiates into 

dermamyotome and sclerotome. Later in development, sclerotome migrates and 

forms vertebrae, cartilage, intervertebral discs, and rib.42,43  Jpk expression was 

observed in the somite of  day 9.0 p.c. embryo and continually detected in the 
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cartilage primordium of vertebra and rib at day 12.5, 13.5 and 15.5 p.c. In the 

developing somite, apoptosis usually occurred and affected differentiating and 

differentiated cells, especially by NGF (Nerve Growth Factor).43 At day 12.5 

p.c. and 13.5 p.c., Hoxa7 was expressed in the prevertebrae. Although mouse 

having a mutation in Hoxa7 did not show any abnormalities in skeleton, mice 

carrying double mutation of Hoxa7 and Hoxb7 exhibited more severe defects 

than a Hoxb7 single mutation, indicating a functional role of Hoxa7 in the 

skeletal patterning.44 Moreover, HOXA7 inhibited the differentiation during 

keratinocyte proliferation.45 These results imply that Jpk and Hoxa7 might 

participate in the inhibition of differentiation signal and the induction of 

apoptosis during somite development.

    Previously, in the endodermal epithelial cells of branchial (pharyngeal) 

pouch, many apoptotic cells were detected and the branchial pouch-derived 

organs seemed to be differentiated by the control of apoptosis, suggesting the 

involvement of Jpk-induced apoptosis in the branchial pouch development.46    

    The liver and pancreas develop from the hepatic/biliary primordia. Jpk 

signals were detected in hepatic/biliary primordia of  day 10.5 p.c. embryo and 

continually observed in the liver and pancreas of later stages. Hoxa7 also 

expressed in the same organs.47 Previous studies revealed that MLL (Mixed 

lineage leukemia) regulated the expression of Hoxa7 in mouse embryo48,49 and 

induced the proliferation and differentiation of hematopoietic progenitors by 

maintaining HOX gene expression.50,51 MLL, however, was also reported to  

induce apoptosis when it was down-regulated in human leukemia cells.52 In 

many acute myelogenous leukemias, Meis1 and Hoxa7 (or Hoxa9) were found 

to be coexpressed, indicating the suppression of apoptosis by coexpression.53 

Although a role for apoptosis in the embryonic hematopoietic system was 
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largely unknown, fetal liver hematopoietic stem cell activity was increased 

when Bcl-2 was overexpressed, implying that apoptosis plays a role during the 

hematopoietic stem cell development.54 These reports altogether suggest that 

Hoxa7 might participate on the hematopoietic cell proliferation and 

differentiation through Jpk-induced apoptotic process. However, further study 

will be required to analyze whether Hoxa7 has pro- or anti-apoptotic activity. 

    Liver and pancreas mainly synthesize and secrete secretory proteins. The 

mRNAs encoding secretory/membrane proteins are translated on ER-bound 

ribosomes and then folded by cellular folding factors present in the lumen of 

the ER.55 In the case of misfolded/unfoled proteins, they were reported to be 

eliminated by retrotranslocation for reduction of ER stress, and during which 

Jpk/VIMP were known to be involved.26,27 These reports suggest that Jpk 

participates in exclusion of aberrantly folded protein in the liver, so its positive 

signal was observed in the liver.  

    Lumen formation of submandibular gland begins with the dying of the 

central cells until epithelial cells surrounding the lumina become single layer.56 

p53/caspase3-mediated and caspase8/caspase3-mediated apoptosis were reported 

to be important to terminal bud lumen formation and ductal lumen formation, 

respectively.56 Therefore, the apoptosis during the submandibular gland 

formation seems to be contributed by the Jpk expressed in this area. 

    Previous report showed that apoptosis was required for tooth development. 

During cap stage (embryos day 14-15 p.c.), apoptotic cells were detected in the 

epithelial enamel knot, epithelial vestibular and dental mesenchyme.57  

Interestingly, a similar expression pattern was detected with Jpk, suggesting that 

apoptosis occuring in these regions during tooth development could have been 

mediated by Jpk.   
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    For the branching and differentiation of the lung, epithelial-mesenchymal 

cell interactions are important. Secreted factors such as FGF, TGF-β, BMP and 

EGF were known to be involved during this process.58 Since Jpk expression 

was observed in branches of lung, it might have been participated in the 

exclusion of aberrantly folded protein from ER lumen while secretory proteins 

were synthesized, like in liver. The overexpression of BMP4 was reported to 

be inhibit proliferation and induce cell death in the lung.58 Since Jpk and 

Hoxa7 had been reported to be expressed in the bronchus of lung,59 Jpk, along 

with Hoxa7, seemed to involved in BMP signaling-induced cell death process.

    Like the case of lung, epithelial-mesenchymal interaction is the key to 

branching morphogenesis in kidney.60 In this organ, BMP4 has a pivotal role to 

determine the budding site of the ureter.61 Exceeding BMP signaling disrupted 

kidney morphogenesis through apoptosis of core mesenchymal cells.60 

Interestingly, Hoxa7 expressions were observed throughout the mesemchyme, 

ureteric bud branch and renal vesicle, although diffusely.33 Similarly, Jpk signal 

was also detected in the mesemchyme, ureteric bud branch. Although a study 

about the role of Hoxa7 in the kidney development has not been reported yet, 

overexpression of Hoxb7 which is a same paralogue of Hoxa7 caused renal 

duplication.33 These results altogether suggest a possible role of Hoxa7 and Jpk 

in patterning the nephrogenic mesenchyme as well as branching morphogenesis. 

     BMPs seem to be important during the morphogenesis of the developing 

embryonic heart, too. Previously, BMPs were reported to be involved in the 

epithelial–mesenchymal transformation and migration of the cells forming the 

cushions, or in triggering an apoptotic cascade in a cushion cells.62 Since Jpk 

expression in the heart was visible from the embryo of day 9.0 p.c., we 

suppose that Jpk might affect apoptosis occuring in the developing heart. 
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    Spatiotemporal expression patterns of Jpk, previously revealed as a putative 

factor associating with the upstream region of Hoxa7,10 were very similar to 

those of Hoxa7. Therefore, we tried to analyse directly whether Jpk is a 

possible transcription factor of Hoxa7 using effector-reporter assay. As a result,  

Jpk stimulated the expression of reporter located under the control of the 

upstream sequence of Hoxa7, and this enhancement was significantly decreased 

by the siRNA against Jpk, proposing that Jpk is a possible regulatory factor of 

Hoxa7. Interestingly, both NS218 harboring two GAGA binding sites and 

BM112 harboring two RARE activated the reporter expression by Jpk. The 

region containing the GAGA binding site was important for anterior boundary 

formation and the region covering the RARE was critical for expression rate.37 

Thus, it seems to be probable that Jpk is required to decide the anterior 

boundary formation as well as the expression rate of Hoxa7 during 

embryogenesis. 

    Previously, hyperglycemia has shown to generate ROS and insulin 

resistance is related with its role.22 Since Jpk induced ROS,13 and Jpk/Tanis 

was reported to be expressed differentially in the liver of diabetic rats,16 we 

tried to analyse the expression pattern of Jpk in several organs of normal and 

diabetic rats after feeding or fasting in order find out whether Jpk could be 

used as a possible diagnostic marker and/or new therapeutic agent for the 

Diabetes Mellitus. 

    Jpk expression was increased after fast in diabetic liver but not in normal 

liver, which was a same result reported by Walder et al. performed with type 

2 diabetes.16 These results mean that Jpk/Tanis is regulated by glucose but is 

dysregulated in diabetes. Therefore, we suggest that Jpk/Tanis could be used as 
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a marker for the diabetic liver in both type 1 and 2 diabetes. 

    Walder et al. further proposed that Tanis/Jpk may interact with serum 

amyloid A (SAA) through yeast-two hybrid method. SAA, an acute-phase 

inflammatory response protein, also known as risk factor for cardiovascular 

disease, was reported to be expressed 1000 times more under inflammatory 

induced condition.16 Thus, we think that Tanis/Jpk could be a connector which 

interlinks with diabetes, inflammatory and cardiovascular disease through SAA. 

Interestingly, the Jpk expression in blood turned out to be remarkably 

up-regulated in diabetic rat whether in feed or fast condition but not in normal 

rat. Although Tanis/Jpk, probably functioning as a receptor against SAA, 

seemed to be related to the inflammatory signal cascade, high expression of 

Jpk in blood could not be explained in the present state. However, the 

significantly increased expression in the diabetic blood could be used as 

diagnostic marker for diabetes.   

    Recently, sequence analysis showed that Jpk is a homologous gene of 

SelS, one of the selenoproteins.23 The selenoproteins with known functions 

involved in regulation of cellular redox balance.25 Type 2 diabetes  

characterized by insulin resistance is associated with oxidative stress. Since 

ROS is known to inhibits phosphatases required for insulin signaling, it might  

induce the disturbance of insulin signaling cascade.22 According to the recently 

reports, overexpression of antioxidant enzyme such as glutathione peroxidase 1 

(Gpx1) probably interrupts the insulin function through overquenching ROS.22 

And cells overexpressing SelS were resistant to the oxidate stress.24 In the case 

of Jpk, however, its overexpression in eukaryotic F9 cells induced cell death 
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by generating ROS.13 Therefore, it is not easy to decide the function of 

SelS/Jpk whether it acts as an antioxidant or inducer of ROS. However, recent 

experiment showed that Jpk probably interact with Grb14, an insulin signaling 

repressor.63,64 Therefore, it seems likely that Jpk may function as a key 

regulator of insulin resistance and could be a new target of therapeutic agent 

for diabetes. 

    Spatiotemporal expression pattern of Jpk was very similar to those of 

Hoxa7 throughout the embryonic development. Furthermore, Jpk stimulated 

Hoxa7 regulatory region, which was again down-regulated by the siRNA 

against Jpk, indicating that Jpk is a putative regulatory factor of Hoxa7. These 

results together suggest that Hoxa7 might participate in the Jpk-induced 

apoptotic process during embryogenesis, although further study is required to 

analyze whether Hoxa7 has pro- or anti-apoptotic activity. The Jpk gene turned 

out to be expressed in all adult organs tested. Especially, the Jpk expression in 

blood was remarkably up-regulated in diabetic rat in both feed or fast condition 

but not in normal, so Jpk could be a candidate gene for the plausible 

diagnostic marker for the diabetes. Since Jpk seems to have a function as a 

key regulator of insulin resistance through ROS generation, it is still possible 

as a new target of therapeutic agent for diabetes. 
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Ⅴ . CONCLUSION

    We investigated the spatiotemporal expression pattern of Jpk during murine 

embryogenesis by RT-PCR as well as in situ hybridization to study the effect 

of Jpk on the expression of Hoxa7. Then, to confirm whether the Jpk is a 

regulatory factor of Hoxa7, effector-reporter assay was performed in murine 

teratocarcinoma F9 cells. Moreover, Tanis has been reported to be expressed 

differentially in the liver of diabetic rats16 so, to find out whether Jpk can be 

used as 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 rats after feeding or fasting through RT-PCR technique. 

    Temporal expression pattern of Jpk was very similar to those of Hoxa7 in 

diverse stages of embryos used experiment. In the spatial expression analysis, 

Jpk was expressed in all regions of embryo of day 12.5 p.c., especially, with 

high expression in the thoracic region harboring anterior boundary of Hoxa7 

expression. 

    During embryogenesis, similar expression profiles of both Jpk and Hoxa7 

were observed in the neural tube and ganglia, somite, cartilage primordium of 

vertebra and rib, metanephros, liver, pancreatic primordium, and lung. 

Moreover, Jpk stimulated the expression of the reporter gene through the 

upstream regulatory region of Hoxa7, and this enhancement was significantly 

decreased by the siRNA against Jpk. 

    The Jpk gene turned out to be expressed in all organs tested, with some 

different expression profiles among normal and diabetes. Especially, the Jpk 

expression in blood was remarkably up-regulated in diabetic rat whether in feed 
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or fast condition but not in normal. 

    These results altogether indicate that Jpk is a possible regulatory factor of 

Hoxa7 and could be a candidate gene for the plausible diagnostic marker for 

the diabetes.
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ABSTRACT (IN KOREAN)

  

 생쥐 배자 발생 과정 중 Jpk 유전자의 발현 분석과
그의 응용에 관한 연구

<지도교수 김명희>

연세대학교 대학원 의과학과

이 은 영

    혹스 유전자는 homeodomain을 포함하는 전사 조절 인자를 암호화 하
며 , 발생 과정 동안에 형태 형성에 중요한 역할을 하는 유전자로 알려져 있
으나 그 정확한 작용기작에 대해서는 밝혀진 바가 없다 . Apoptosis 역시 혹
스와 더불어 형태 형성에 기여하는 것으로 보고되었다 . 혹스 유전자의 발현
을 조절하는 인자에 대해 연구하던 도중에 Jpk는 yeast one-hybrid 방법을
통해 Hoxa7의 upstream 조절 서열과 상호작용 하는 인자로 동정되었다 . 흥
미롭게도 Jpk는 박테리아와 진핵세포에서 과발현 되었을 때 apoptosis를 초
래하였으나 배자 발생 과정 동안 Jpk와 Hoxa7 발현에 있어서의 상관관계에
대한 연구는 이루어진 바가 없다 . 한편 , 염기서열 분석 결과 , Jpk는 당뇨쥐
의 간에서 정상과는 다르게 발현한다고 보고된 바 있는 Tanis라는 유전자와
높은 유사성을 보였으므로 본 연구에서는 Jpk가 당뇨진단을 위한 표지로서
사용될 수 있는지 분석하였다 . 

    우선 Hoxa7의 발현에 있어 Jpk가 미치는 영향에 대해 알아보고자
RT-PCR과 in situ hybridization 방법을 통해 생쥐 배자 발생 과정 동안에
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Jpk의 발현 양상을 분석하였다 . RT-PCR을 통한 시간적 발현 양상을 보면 , 

실험에 쓰인 모든 발생 단계의 배자에서 Jpk와 Hoxa7이 유사하게 발현함을
관찰할 수 있었으며 , 12.5일 배자를 몸통의 전・후축에 따라 7 등분 한 뒤
Jpk의 공간적 발현 양상을 관찰 하였을 때 , 심장 , 폐 그리고 앞다리를 포함
하는 몸통 부분과 꼬리에서 강한 발현이 관찰되었다 . In situ hybridization 

결과에서 , 신경관 , 신경절 , 체절 , 척추와 늑골이 되는 연골 , 후신 , 간 , 췌장의
원기 그리고 폐 등에서의 Jpk의 발현은 Hoxa7의 발현과 일치하였으며 , 이
러한 결과들은 발생 과정 동안에 Jpk가 Hoxa7과 유사한 시기에 유사한 위
치에서 발현함으로써 Hoxa7의 발현을 조절할 수도 있음을 시사한다 . 

    Jpk가 Hoxa7 발현을 조절할 수 있는 인자인지를 알아보기 위해 Hoxa7

의 upstream에 위치한 307 bp를 포함하는 reporter vector를 제작하였고 , Jpk

에 의한 reporter vector의 발현을 분석한 결과 Jpk에 의해 reporter의 발현이
증가하며 , 이 증가는 Jpk의 siRNA를 통해 상당 부분 상쇄되는 것을 확인할
수 있었다 .       

    마지막으로 Jpk가 당뇨의 새로운 치료제나 진단표지로서 사용될 수 있
는 가능성을 시험하기 위하여 RT-PCR 방법을 통해 정상쥐와 당뇨쥐에서
기관에 따른 Jpk의 발현 양상을 분석하였다 . Jpk는 실험에 사용한 모든 기
관에서 발현이 관찰 되었으나 정상과 당뇨에서 현저히 다른 발현을 보였다 . 

특히 , 정상과는 달리 당뇨쥐의 혈액에서 섭식과 금식에 영향을 받지 않고
현저히 Jpk의 발현이 증가 (약 15-30 배 ) 하는 것을 볼 수 있었다 .

    이상의 결과들을 종합적으로 볼 때 , Jpk는 Hoxa7의 발현을 조절하는
보다 가능성 있는 조절인자이며 , 나아가 당뇨의 진단표지로 사용될 수 있을
것이라 사료된다 .  

   

핵심 되는 말 : 당뇨 , 진단표지 , 배자발생 ,  발현양상 , Hoxa7, Jpk, 조절인자
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