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Study the interaction between a hematopoietic cell-cycle regulator HTm4 and KAP
and their effects on the differentiation of hematopoietic progenitor cells
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Hematopoietic cell, hematopoietic cell differentiation, HTm4, KAP, CDK2

Regulation of hematopoietic cell cycle progression is critical in controlling the constant
self-renewal, differentiation, and homeostasis of the hematopoietic system. Dysregulation of
this process has profound consequences, evidenced by the development of autoimmune
disorders, blood dyscrasias, and hematologic malignancies with all their associated morbidity
and mortality. The complex molecular machinery underlying cell cycle regulation remains
ill-defined. We recently described a novel molecule, HTm4, which appears to play a critical
role in controlling hematopoietic cell cycle. recently, in the Journal of Clinical Investigation,
we showed that HTm4 forms a functionally relevant complex with cyclin-dependent
kinase-associated phosphatase (KAP), and CDK2. Exogenous expression of HTm4 stimulates
KAP, leading to dephosphorylation of CDK2 and cell cycle arrest at the GO/G1 phase, thus
identifying HTm4 as a novel modulator of the hematopoietic G1-S cell cycle transition.
Furthermore, we recently found that HTm4 expression is tightly regulated during the
differentiation of hematopoietic stems cells. These findings highlight the importance of
further elucidating the function of the HTm4-KAP-CDK2 interaction in normal and
dysregulated hematopoiesis, as well as during embryogenesis. In order to achieve this goal,
we have proposed a series of in vitro and in vivo experiments to be carried out in a murine in
vitro system . We hypothesize that HTm4, KAP, and CDK2 form a complex and that altered
expression of HTm4 will affect proliferation, differentiation and the cell cycle status of
normal hematopoietic stem cells. The proposed investigations will provide data that will
contribute to the fundamental understanding of hematopoiesis and hematopoietic stem cell
regulation, of clear significance to the prevention and treatment of hematologic and immune
disorders. To achieve the stated goals, we propose the following specific aims

Specific Aim 1: Studying the regulation of CDK2 activity by KAP/HTm4 complex in murine
system.

Specific Aim 2: Determining the temporal expression of mHTm4 and that of KAP and CDK2
during cell cycle progression, and the ectopic expression of mHTm4 and GO

cell cycle arrest.

Specific aim 3: The production of rabbit anti-mHTm4 polyclonal antibodies.

Specific Aim 4: The generation of KAP-negative Ba/F3 pro-B cell line and the effect of
ectopic expression of mHTm4 on this cell line.

Specific Aim 5: The generation of a conditional mHTm4-knock down transgenic mouse.

II



Report:

A. Introduction:

HTMA4 is considered a hematopoietic cell-specific cell cycle regulator in human system. It can
regulate cell cycle progression through the interaction with a cyclin-dependent kinase (CDK)
associated phosphatase (KAP) that modulates the kinased status of CDK2. In human, it has
been demonstrated that the ectopic expression of HTm4 can bring about GO/G1 cell cycle
arrest. Additionally, the expression of HTm4 is modulated during the differentiation of U937
cell in an in vitro induction assay with a portion of differentiated granulocyctes showing
positive expression of HTm4, while the remaining population showing negativity for HTm4
expression. The induction of U937 different ion to erythrocytic phenotype abolishes the
expression of HTm4. Thus, it is pertinent to study the role of HTm4 played during

hematopoietic cell differentiation, particularly the differentiation hematopoietic stem cell.

B. Purpose:

For an in vitro system, murine embryonic stem cell has demonstrated its own potential role in
the studies of hematopoietic cell differentiation, regarding to the differentiated blood cell
phenotypes that include lymphocytic, myelocytic and erythrocytic cell population found in the
murine blood system. One of the advantage of using murine system is the ability of using
animal model for the verification of all the observations obtained from an in vitro system like
that of murine embryonic stem cell. Thus, we have proposed to study the functionality of
HTm4 in a murine system. Our proposal comprised (1). the evaluation of the interaction
between HTm4 and KAP in a yeast two hybrid system and in cell line, and (2). the production
of anti-murine HTm4 polyclonal antibody. The items 2, 4 and 5 of specific aims listed in the
abstract of the grant proposal were outlined for a three-year grant, however the grant was

approved for only one year, therefore only aim#1 and 3 were accomplished.

C. Methods:
1. Murine total spleen RNA preparation: Mashed spleen cells from two C57BL/6 mice were

pooled, wash once with PBS buffer, red blood cell lysed, and RNA extracted using Trizol
( Invitrogen, Carlsbad, CA, USA).

2. Vectors used: pCDNA3 (Invitrogen, Carlsbad, CA, USA) was used for the cDNA cloning
of murine HTm4 and KAP. pACT2 and pGBKT7 ( Clontech, USA) were used for the
construction of expression vectors to be used in a yeast two hybrid assay system.
pGEXS.1 (Amersham, USA) was used for the construction of GST fusion proteins, which
were used for the analysis of in house produced rabbit anti-murine HTm4 polyclonal
antibodies

3. cDNA synthesis: SuperScript III first-strand synthesis system for RT-PCR kit from

Invitrogen was used for the procurement of cDNAs that were then subcloned into

pcDNA3 vector and fidelity of sequences verified before the construction of

corresponding expression vector for yeast two hybrid analysis.



4.  Yeast strains used: AH109 (MATa) and Y187 (MATa) were both obtained from Clontech,
USA, for yeast two hybrid assay through mating method as outlined by the manufacturer.
5. Rabbit anti-murine HTm4 Polyclonal antibody production: EETGGSVYQPLDESRH

VQR is a stretch of amino acid sequences derived from murine HTm4 ranging from

aa#4-22. This region is predicted to be the most antigenic of the entire coding region of
213 amino acids in length. It was used in a conjugated form with keyhole limpet
hemocyanin (KLH) for the immunization of two rabbits. Primary immunization was done
in the presence of complete Freund’s adjuvant (Sigma, USA) and the subsequent boosters
were done in the presence of incomplete Freund’s adjuvant (Sigma, USA) as needed. The
entire immunization course was accomplished for a period of about 5 months upon the
identification of murine HTm4 protein in tissues derived from mouse.

6. Tissue distribution for murine HTm4: Three methods were used to determine the tissue

distribution of murine HTM4; a. dot-blot assay derived from total RNA of various tissues;
b. Northern blot analysis of various murine tissues; c. Western blot analysis of protein

samples from various murine tissues.

D. Results and Discussions:

1. The procurement of murine HTm4 and KAP cDNAs:
The yield of single-stranded murine HTm4 and KAP cDNAs was accomplished as outlined
in the method section for both total RNA isolation and RT-PCR ¢cDNA. The cDNA
sequence was based on AY 184359 of NCBI database and KAP NM_009421. Our sequence
analysis of in-house murine HTm4 (mHTm4) revealed that it is hundred percent identical
to that of AY 184359 but different in two amino acids (AA# 162 alanine to serine and AA#
211 threonine to serine) when compared to that of AF321128. These differences might

have been the reflection of different methods used for the generation of cDNAs, although
both laboratories use the same C57BL/6 strain. There is no difference between our
in-house murine KAP (mKAP) and NM_009421. Both mHTm4 and mKAP were used as
template for the construction of yeast expression vectors using pACT2 and pGBKT7
vectors.

2. The construction of yeast expression vectors containing either the C-terminus of mHTm4
or the entire mKAP.
pGBKT7 was used for the expression of C-terminus of mHTm4., while pACT2 for mKAP.
Human HTm4 (hHTm4) is one amino acid longer than that of mHTm4. The last 48 amino

acids, C-terminus, of mHTm4 was used for the insertion into pGBKT7 vector. The first 25
amino acids of this 48-amino acid fragment are comparable to the last 25 amino acids of
hHTm4 showed to have interacted with hKAP in our previous publication. Topologically,
the N-terminus of hHTm4 is 23 amino acids longer than mHTm4, while the C-terminus of
mHTm4 is 23 amino acids longer than that of hHTm4. For yeast two hybrid assay, the
entire mKAP was inserted into pACT2, since currently the binding domain of hKAP for
hHTm4 had not been elucidated.



3. The C-terminus of mHTm4 binds to mKAP in a yeast two hybrid assay:

In a yeast two hybrid assay, the C-terminus of mHTm4 was shown to interact with mKAP.
Basically, AH109 carrying mKAP expression vector was mated with Y180 harvesting
C48-mHTm4 expression vector. The positive clones after mating were identified by their
growth in a quadruple dropout selection medium. This observation is in consistence with
our previous human system.

4. Tissue distribution of mHTm4:

Two Northern blot assays were performed to determine the tissue distribution of mHTm4

in the murine system. First is the dot-blot assay and the second is a Northern blot assay.
The dot blot was purchased from Clontech and probed with mHTm4-P32 as specified by
the manufacturer (Fig. 1). Sample derived from spleen showed the expression of mHTm4
is detected in spleen. There is a false positive interaction with E. coli DNA. In the second
Northern blot assay, the mHTm4 transcript was detected in the RNA sample derived from
spleen. Overall the expression pattern strongly implicates that mHTm4 is likely also

hematopoietic cells specific, like its human counterpart.
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Heart B
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Figl. Dot-blot assay. Cross reacted with sample from E. coli. Spleen is positive for mHTm4

Fig 2. Northern blot analysis:
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5. The procurement of rabbit anti-mHTm4 polyclonal antibodies:

As described in the Methods section, amino acids# 4-22 was used as the immunogen for
the production of rabbit anti-mHTm4 polyclonal antibodies. This in-house antibody was
shown to be able to identified mHTm4 protein produced in spleen and in GST recombinant
form (Fig.3). Again, it is illustrated that mHTm4 is likely hematopoietic cell specific
(please see also Fig. 4 for its presence in p815 mouse mast cell)

Fig. 3. Western blot analysis of
protein samples from various tissues.
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6. mHTm4 interact with mKAP in vivo:

mHTm4 was also shown to interact with mKAP in vivo (Fig. 4). Briefly, mouse mast cell

p815 lysate was immunoprecipitated with antii-mKAP and anti-mHTm4 anibodies,
separately, analyzed in a SDS-PAGE gel electrophoresis and subsequently probed with
anti-mKAP in a Western blot assay. The detection of mKAP in both samples signifies the
true interaction between mHTm4 and mKAP in an in vivo situation.

P Fig. 4. Western blotting analysis after

KAP mHTM4
i from P815 mouse mast cells. Lysate was

| - subjected to acetone precipitation before
loading. The other two sample were ip with
KAP -—_ antibodies stated on the top right of the
Western blot with
mouse anti-KAP

immunoprecipitation. Sample is derived

Lysate

figure. Samples were subjected to Western
blotting with mouse anti-KAP monoclonal
antibody. The top and lower bands in KAP
sample lane were the heavy and light chains

of murine immunoglobulin , respectively




E. Conclusion:
Our goal for the first year of this proposal is to evaluate if our previous data on human HTm4

can be accurately extrapolated to the murine system has been met with confidence. Further
studies into the functionality of HTm4 in hematopoietic cell differentiation can be procured in

the convenience of murine system and probably extrapolated to that of human.



