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摘要

    IL-3 會誘導 JAK1 和 JAK2 的酪氨酸磷酸化。JAK1 和 JAK2 為蛋白質激�，其功能為

調控細胞的增生、分化和存活。JAK1 和 JAK2 於 IL-3 影響造血細胞的作用上扮演一個重

要的角色。然而到目前為止並不清楚 JAK1 和 JAK2 蛋白質的哪一個區域與 IL-3 受體結合。

於本篇工作報告中，我們證明 JAK2 和 JAK1 分別與 IL-3 受體 alpha 次單位和 beta 次單位

結合。更進一步，我們建構許多 JAK1 和 JAK2 的缺失突變質體以進行 in-vitro translation 和

GST pull-down assay。於 GST pull-down assay 實驗結果顯示，JAK1 利用 JH7–JH3 domains

與 IL-3 受體 beta次單位結合。當 JAK2 的 JH7–6 domains 缺失會降低與 IL-3 受體 alpha 次

單位的結合。最後將進一步探討與 IL-3 受體結合的 JAK1 和 JAK2 之區域是否影響訊號傳

遞及 IL-3 依賴的細胞活性。

關鍵詞：JAK1，JAK2，IL-3 受體，結合

Abstract

    IL-3 induces tyrosine phosphorylation of both JAK1 and JAK2. JAK1 and JAK2 are protein

tyrosine kinases involved in the regulation of cell proliferation, differentiation, and survival.

These proteins may play a key role in mediating the effects of the cytokine, IL-3, on

hematopoietic cells. However, it is not clear which regions of JAK1 or JAK2 are associated with

IL-3 receptor. In the work reported here, we demonstrated that JAK2 and JAK1 are preassociated

with the IL-3 receptor alpha and beta subunits, respectively. Furthermore, we constructed the

several plasmids of JAK1 or JAK2 deletion mutants for in-vitro translation and GST pull-down

assay. In the GST pull-down assay, JAK1 associates with IL-3 receptor beta subunit via the JH7–

JH3 domains. Deletion of JAK2 JH7–6 domains impaired the association of IL-3 receptor alpha

subunit with JAK2. Finally, whether these regions affect the IL-3 signal transduction and IL-3-

dependent cell activity will be studied.

Keywords: JAK1, JAK2, IL-3 receptor, association
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Introduction

    The cytokine, interleukin-3 (IL-3), regulates cell proliferation, differentiation, and anti-

apoptosis of hematopoietic cells.1,2 IL-3 performs these functions through specifically binding to

the IL-3 receptor α subunit (IL-3Rα) and recruiting the β subunit to form a heterodimer.3,4 While

the α subunit is specific to each cytokine, the β subunit, known as β common (βc), is shared by

two other cytokines, IL-5 and granulocyte-macrophage colony-stimulating factor (GM-CSF). The

mouse has two highly homologous β subunits, βc and IL-3Rβ (βIL-3), while humans have one type

of β subunit (βc). IL-3R belongs to the cytokine receptor superfamily. Although IL-3R does not

possess kinase activity, it likely associates with and requires transducing signals from the

cytoplasmic Janus tyrosine kinases (JAKs).5 IL-3 has been shown to induce tyrosine

phosphorylation of JAK1 and JAK2.6-8 The JAKs (JAK1, JAK2, JAK3, and Tyk2) are a family of

nonreceptor tyrosine kinases.9 One downstream effect of JAK activation is the phosphorylation of

signal transduction and activation of transcription (STAT) proteins. The phosphorylated STAT

proteins then translocate into the nucleus and regulate the transcription of specific genes.5,9 In

addition to STAT, phosphatidylinositol 3-kinase (PI-3K)/Akt, and mitogen-activated protein

kinase (MAPK) pathways are also activated by JAK.10-14 STAT, Akt, and MAPK have been

shown to regulate cell proliferation and anti-apoptosis activities.15-18

    The interaction between JAK2 and single subunit cytokine receptors [i.e. erythropoietin

receptor (EPOR), growth hormone receptor, and prolactin receptor (PRL-R)] as well as

heterodimeric receptors (IFNγR and interleukin-5 receptors) has been extensively characterized.

19,20 The membrane proximal region of cytokine receptors that interact with JAK2 contains a

highly conserved motif termed Box 1, which is formed by a proline-rich sequence located 6–10

amino acids after the transmembrane domain.21,22 However, which regions of JAKs interact with

IL-3 receptor are now unclear. We describe the unassociated state of IL-3Rα and β subunits in the

absence of IL-3. JAK2 and JAK1 are preassociated with the IL-3 receptor alpha and beta subunits,

respectively. Following IL-3 stimulation, JAK2 proteins are associated with the IL-3 receptor

beta subunit and JAK1 proteins are associated with the IL-3 receptor alpha subunit. Furthermore,

we identify the regions of JAK1 and JAK2 binding to IL-3 receptor.
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Results

JAK2 and JAK1 interact with IL-3Rα and βIL-3, respectively

    Previous reports have revealed that JAK is preassociated with the cytokine receptor.21,22

Whether JAK1 and JAK2 can also interact with the IL-3 receptor was examined here. IL-3

starved Ba/F3 cells were stimulated with or without IL-3 and cell lysates were prepared. Cell

lysates were then immunoprecipitated with anti-IL-3Rα or -βIL-3 antibodies followed by Western

blotting with anti-JAK1 and anti-JAK2 antibodies. As shown in Figure 1, JAK2 was

coimmunoprecipitated with IL-3Rα whereas JAK1 was coimmunoprecipitated with βIL-3,

regardless of IL-3 stimulation. However, JAK2 was coimmunoprecipitated with βIL-3 and JAK1

was coimmunoprecipitated with IL-3Rα, only after IL-3 stimulation. These results indicate that

JAK2 and JAK1 interact constitutively with IL-3Rα and βIL-3, respectively.

Constructs of glutathione S-transferase fusion proteins and JAKs deletion mutants

    cDNA constructs encoding the glutathione S transferase (GST) fusion protein for the entire

IL-3Rα and βc intracellular domains were obtained by inserting the polymerase chain reaction

(PCR) fragments of IL-3Rα (GST-IL-3RαICD) and βc (GST-βc) into the pGEX2T vector. These

GST fusion proteins were expressed in Escherichia coli, and were induced with IPTG for 1 to 4

hours. Furthermore, these GST fusion proteins were affinity-purified on glutathione-Sepharose
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(Figure 2).

    The plasmids of JAK1 and JAK deletion mutants were constructed by restricted enzymes

digestion or PCR (Figure 3).

To map the regions of JAK1 and JAK2 for binding to IL-3 receptor

    The interaction of GST fusion proteins to the deletion mutants of JAK1 and JAK2 were

examined. Equal amounts of GST fusion proteins were incubated with lysates (input data ont

shown) of in vitro transcription/translation. After adding sample buffer, the precipitates bound to

GST fusion proteins were eluted by boiling and examined with autoradiograph (Figure 4). These

data showed that the JH7-JH3 domains of JAK1 and the JH7-6 domains of JAK2 are essential for

binding to IL-3 receptor beta and alpha subunit, respectively.
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Discussions

    In this study, In this study, we demonstrated that IL-3Rα and βc were not associated in the

absence of IL-3, and that the βc would associate with IL-3Rα only after IL-3 stimulation (Figure

1), consistent with a recent report.23 Based on our results, we propose the following mechanism

for the simultaneous activation of JAK1 and JAK2 proteins by IL-3. Prior to IL-3 induction,

JAK2 and JAK1 proteins exist in a preassociated state with IL-3Rα and βIL-3, respectively (Figure

1). When IL-3 binds to IL-3Rα, a large functional complex of JAK2-IL-3Rα and JAK1-βIL-3 is

formed. JAK1, JAK2, and βIL-3 within this functional complex undergo tyrosine phosphorylation,

thereby triggering further downstream signaling that results in cell proliferation and in the

suppression of apoptosis. Our proposed model is consistent with the single chain cytokine

receptor (i.e., receptors for growth hormone and erythropoietin) model that predicts that the JAK2

protein is activated by homodimeric complexes of cytokine receptor-JAK2 and cytokine receptor-

JAK2 after cytokine binding to its receptor.24 The physical interaction between the IL-3 receptor

and the JAKs proteins, demonstrated in our system (Figure 1), is consistent with that seen in the

IL-5 system, in which JAK2 and JAK1 proteins were shown to be constitutively associated with

IL-5Rα and βc, respectively.20 Other studies have also reported ligand-induced JAK2 binding to

the β subunit in the IL-3 or GM-CSF system.25-27 Our study, however, provides an explanation for

the mechanism by which IL-3 induces heterodimerization of IL-3Rα with the βIL-3, enabling

JAK2-IL-3Rα to interact with the βIL-3. Similarly, JAK1-βIL-3 has the opportunity to interact with
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the α subunit (Figure 1).

Recent work by Lacronique et al has revealed that fusion proteins that contain the

oligomerization domain of TEL and the tyrosine kinase domain of JAK1, JAK2, JAK3 or TYK2

have similar characteristics and can effectively substitute for the survival and mitogenic signals

of IL-3.28 That is, the tyrosine kinase domain [JH1 (JAK homology) domain] from the four

members of the JAK family is not specific in IL-3 signaling. In addition to the JH1 domain, the

JAK family contains the JH2-JH7 domain. The sequence of the JH2 domain is similar to that of

the JH1 kinase domain, except for the lack of kinase activity. JH2 has been suggested to have a

negative regulatory effect on JAK2 kinase activity. Deletion of JH2 from JAK2 constitutively

activated the cytokine receptor, independent of cytokine, but signal transduction activity was

lower than that of wild-type JAK2 stimulated by cytokine.29 There is much sequence variation

within the N-terminal JH3-JH7 domains of the four members of the JAK family. These domains

have been implicated in receptor association30 and in controlling the kinase activity of JAK3,31

thus implying that they could be involved in controlling JAK kinase activity and in signal

transduction. Therefore, the JH2-JH7 domains may be responsible for the functional specificity of

JAK, which warrants further studies on the analyses of the functions of wild-type JAK.

The GST pull down assay (Figure 4) is one time experiment, we will further confirm this

data. Future studies in our laboratory will analyze whether the binding regions of JAKs (JAK1

and JAK2) to IL-3 receptor play a negative role on the initiation of IL-3 receptor signaling and/or

cell proliferation.
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計劃成果自評

    本計劃申請二年度計劃，最後此計劃僅通過一年度的預算。當初的計劃為，第一年 (92

年度) 希望能完成建構GST與受體α次單位細胞內區域融合形成的GST-IL-3受體α次單位和

GST-IL-3受體β次單位。並建構JAK1和JAK2一系列缺失突變。GST-IL-3受體α次單位和β

次單位與建構好的JAK1和JAK2一系列缺失突變(經由in vitro transcription and translation合

成蛋白質)進行in vitro binding assay。界定出JAK1和JAK2的哪些區域分別與βc次單位和IL-

3受體α次單位結合。同時分析JAK2 level是否參與調控受體專一性，即JAK2是否利用不同

的區域與IL-3，IL-5或GM-CSF受體α次單位結合。第二年 (93年度) 將分析與受體結合的

JAK1和JAK2最小區域對於IL-3訊號傳遞和細胞活性的影響。因此，此一年度的計劃確實

大部份完成之前送審的第一年度之計劃。為了更了解與IL-3受體結合的JAK1和JAK2的區

域其影響的生物活性，目前持續進行分析JAKs這些區域對於IL-3受體訊號傳遞和細胞活性

的功能。此研究成果將可以發表於國際學術期刊。

    此外，這個計劃提供我們了解JAK1 and JAK2利用哪個區域與IL-3受體結合，不僅可

以進一步了解此蛋白質如何被活化，還可利用於藥物的開發來模擬或抑制JAK不正常的訊

號傳遞。這些研究可以使科學家們更了解IL-3如何調控造血作用，對於未來醫療應用上，

例如可以利用於hematopoietic diseases (A number of malignant myeloid and lymphoid

leukemias respond to IL3 for example.)等。


