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Adenovirus-Mediated Antisense Vector-Induced Inhibition of
Human Telomerase RNA May Induce Differentiation of
CD34+ Cells

Seok Jin Kim, M.D., Ph.D., Joon-Seok Song, Ph.D., Chang Hee Song, Ji Hyun Yoo, and
Byung Soo Kim, M.D., Ph.D.

Department of Internal Medicine, Korea University Medical Center,

Instititue of Stem Cell Research, Korea University, Seoul, Korea

Background: Background Telomerase activation and human telomerase RNA (hTR) expression are
known to be related to the preservation of the “stemness” of stem cells. In this study, we have inhibited
the expression of hTR to find the relationship between the telomerase activity and differentiation of normal

hematopoietic stem cells.

Methods: We used cord blood collected from 10 full term pregnant women. We classified the CD34+
hematopoietic stem cells from the same donor into three groups: the Ad-OA group was treated with the
recombinant adenoviral (Ad) vector Ad-OA using telomerase antisense, the Ad-M6 group was treated
with a mutant version of the Ad-OA without telomerase antisense, and a control group without any

treatment.

Results: The mean number of colony-forming cells (CFCs) were 110+38 for the Ad-OA groups, 54056
for the Ad-M6 groups, and 650+72 for the control groups. Thus, CFCs in the Ad-OA group were lower
than in the Ad-M6 group (P<0.01). The myeloid portion of the CFCs in the Ad-OA group was higher
than the Ad-M6 and control groups (P<0.01). The Ad-OA group showed a higher percentage of gra-
nulocytes suggesting more of a tendency for myeloid differentiation than the Ad-M6 and control groups
(P<0.01). We found that the suppression of telomerase activity by the antisense telomerase adenovirus
induced the differentiation of hematopoietic stem cells confirmed by differential cell count and cyto-

chemical staining.

Conclusion: These findings suggest that the activity of the telomerase may play a role in the
differentiation of normal CD34+ hematopoietic stem cells into mature cells. (Korean J Hematol 2006;41:

172-178.)
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INTRODUCTION

The RNA component (hTR) and telomerase
catalytic subunit (W'TERT) are the major compo-
nents of telomerase. The hTR is known to act as
a template for telomere synthesis.” Telomerase
activation via hTR expression has been regarded
as being associated with persistent survival of
cells. Thus, immortalizing cells are considered to
have elevated activity of telomerase. Cancer cells
and stem cells are well-known immortalizing cells
having characteristics of dividing continuously.
Stem cells have two peculiar characteristics, self-
renewal and pluripotency. However, it is still not
clear which signal direct stem cells self-renewing
into differentiating to a certain lineage. Previous
reports suggest that the differentiation process
from immortalized cells might be associated with
down-regulated telomerase activity.z’3> These results
imply that the elevated telomerase activity of
stem cells may be associated with controlling the
balance between self-renewal and differentiation.
Therefore, the modulation of telomerase activity
in stem cells may be a possible way to differen-
tiate human stem cells into a certain type of cells
that we want. There has been some studies
reporting a direct link between decreased telo-
merase activity and terminal differentiation in
leukemic cells and normal hematopoietic stem
cells.*” However, it is still not determined whe-
ther the decreased telomerase activity causes dif-
ferentiation of stem cells or differentiated stem
cells have decreased telomerase activity. To an-
swer this question, the effects of telomerase inhi-
bition on hematopoietic stem cells was investi-
gated in the only one previous study.” In this
study, we have tried to verify the effect of the
telomerase antisense sequence expressing adeno-
viral vector on the proliferation and differen-
tiation as well as apoptosis of CD34+ cells har-
vested from cord blood.

MATERIALS AND METHODS

1. CD34+ cell isolation

Cord blood was collected from ten full term
pregnant women during delivery after the acquire-
ment of informed consents, and was studied ac-
cording to the procedures approved by the institu-
tional review board of Korea University Medical
Center. CD34+ cells were purified by positive
selection using a magnetic cell sorting (MACS)
progenitor enrichment kit according to the manu-
facturer’s protocol (MiltenyiBiotec, Bergisch Glad-
bach, Germany). The purity of enriched proge-
nitor cells was 92+4%. Testing the CD34+ hema-
topoietic stem cells from the same donor was
classified into three groups: the Ad-OA group was
treated with the recombinant adenoviral (Ad)
vector Ad-OA with telomerase antisense, the Ad-
M6 group was treated with a mutant version of
Ad-OA without telomerase antisense, and a con-
trol Mock group without any treatment. The Ad-
M6 group was included in this study to evaluate
the direct effect of adenovirus itself without telo-
merase suppression on CD34+ cells.

2. Adenoviral vector infection and long-term

culture

Our recombinant adenoviral (Ad) vector Ad-
OA is a Ela/Elb-deficient Vector,7> It contains
residues 94 and 76 of the telomerase template
sequence driven by the cytomegalovirus (CMV)
immediate promoter, inserted into the E1 region
(Fig. 1). The vector was amplified and titrated in
a U293-cell line. The vector Ad-M6 contains six
mismatched nucleotides in the antisense cassette,
which reduces or prevents binding with the telo-
merase RNA.” The treatment of the adenovirus
vector to CD34+ cells was performed in a similar
manner as described by Song et al.” 5x10* cells
were plated in a 35mm sized dish prior to infec-
tion, and adenovirus of Ad-OA or Ad-M6 were
added in 1mL of media at a 50moi. Half of the
medium was replaced with fresh adenoviral super-
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Fig. 1. Structure of recombinant adenoviral vector with
deficient E1a/E1b. It contains residues 94 and 76 of the
telomerase template sequence driven by the cytomegalo-
virus immediate promoter, inserted into the E1 region.

natant of phoenix cells, which was repeated three
times during 24 hours. The CD34+ cells of the
control group were processed by the same method
without adenoviral supernatant. Twenty-four hours
after the last infection, transfected CD34+ cells
(S><104) per a dish were co-cultured with irra-
diated human bone marrow stromal cells; the
media was composed of IMDM (Invitrogen Cor-
poration, Carlsbad, CA, USA) supplemented with
10% FBS, 12.5% horse serum, L-glutamine and
1% penicillin-streptomycin according to the pro-
tocol of long-term culture. Media were main-
tained without change until the 7" day of cul-
ture.

3. Evaluation

Infection efficiency of adenoviral vectors was
determined by flow-cytometric assessment of a
green fluorescent protein (GFP) expression, and
the telomerase activity was examined by a telo-
meric repeat amplification protocol (TRAP) assay
with 2,000 cells using a TeloTAGGG Telomerase
PCR ELISA Kit in accordance with the manu-
facturer’s instructions (Roche, Mannheim, Ger-
many).”

To evaluate the proliferation potential of
CD34+ cells processed by Ad-OA, Ad-M6, 0.1X

10* of CD34+ cells of each group were cultured
in semi-solid Methocult® H4444 media (StemCell
Technologies, BC, Canada) composed of 1%
methylcellulose, 30% FBS, 1% bovine serum
albumin (BSA), 50ng/mL human stem cell factor,
10ng/mL human granulocyte-macrophage colony-
stimulating factor, 10ng/mL human interleukin-3,
and 3units/mL erythropoietin. After 14 days of
Methocult culture in a humidified incubator at
37°C and 5% CO,, the plates were scored for
colony-forming cells (CFCs) using an inverted
microscope and gridded scoring dishes based on
the standard criteria of the manufacturer’s atlas.

After 3 and 7 days of long-term culture, total
cell count with morphology and the degree of
apoptosis were evaluated. Total cell counts were
determined by counting in a hemocytometer;
cellular morphology with differential counts of
the WBC series was observed with Wright and
cytochemical stains by microscopy. The apoptotic
cells were detected by an Annexin V-FITC Kit
(Clontech, USA). Briefly, the cells were rinsed
and then suspended with 200 L of a binding
buffer. After adding 5 yL of Annexin V-FITC
and 10 yL of propidium iodide, the mixture was
incubated at room temperature for 10minutes in
the dark. The cells were then analyzed by a
FACScalibur flow cytometer (Becton Dickinson,
Mountain View, Calif) using CELLQuest software
(Becton Dickinson, San Jose, Calif).

4. Statistical analysis

All data are presented as meant+SEM and
statistical significance was determined using a
one way ANOVA test. Results were considered
significant when the P value was less than 0.05.

RESULTS

1. Infection efficiency and telomerase activity

The infection efficiency per a dish of Ad-OA
group and Ad-M6 group was 36.8+£8.2% and
41.5+12.7%, respectively without significant dif-
ference. After transfection, the telomerase activity
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Table 1. Differential cell counts of Ad-OA, Ad-M6, and control group a3 and 7 day after long-term culture with CD34+ cells

Day 3 (%, mean=SEM) Day 7 (%, mean=*=SEM)
Ad-OA Ad-M6 Control Ad-OA Ad-M6 Control
Blast 21+6 47 +12 68*8 2+1 18+9 206
Lymphocyte 1747 16+7 18+7 8+3 5+2 1611
Granulocyte 45 £ 5* 12+6 73 33L£12* 9+3 165

*P <0.01. Abbreviations: Ad-OA, group treated with the recombinant adenoviral (Ad) vector Ad-OA with telomerase antisense;
Ad-M6, group with a mutant version of Ad-OA without telomerase antisense; control, group without any treatment.

Fig. 2. Cell morphology in Ad-OA and Ad-M6 groups at day 7 of long-term culture with CD34+ cells. Top. Blood cell
morphology with Wright Stain (x400): significantly higher percentage of granulocytes in the Ad-OA group compared to (B)
those in the Ad-M6 group (A) this suggests a differentiation induction effect of telomerase antisense. Bottom. Granulocyte
morphology of the myeloperoxidase stain (x1,000): There is a more dense myelopeoxidase stain pattern in the Ad-OA group
when compared to (D) that in the Ad-M6 group (C) this suggests a maturation induction effect of telomerase antisense.

of CD34+ cells in Ad-OA group was 27%5%, The telomerase activity of control and Ad-M6
which was significantly lower than those of the group was 45+8% and 43+12%, respectively; with-
control group and the Ad-M6 group (P<0.01). out a significant difference.
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2. Colony forming cells

The mean number of colony-forming cells
(CFCs) per a dish in the Ad-OA, Ad-M6, and
control groups was 110£38, 54056, 650+72,
respectively. The number of CFCs in the Ad-OA
group was significantly lower than those of the
Ad-M6 and the control group (P<0.01). The
percentile of erythroid portion including BFU-E
in the Ad-OA, Ad-M6, and control groups was
13+18%, 28 £14%, 31+£8%. The percentile of mye-
loid portion including CFU-GM of the Ad-OA,
Ad-M6, and control groups was 78+13%, S1+
21%, 49+£15%. The component myeloid portion
of CFCs in the Ad-OA group was significantly
higher than those of Ad-M6, and control group
P<0.01).

3. Cell count with morphology

The cell counts (X10% per a dish at 3 days
after long-term culture in the Ad-OA, Ad-M6,
and control groups were 3.4+£1.7, 29£2.1 and
3.7£1.5, respectively, and there was no signifi-
cant difference in the cell counts among the
groups. The cell counts (X10% at 7 days after
long-term culture in the Ad-OA, Ad-M6, and
control groups were 2.8+0.9, 2.4%+1.5 and 4.3+
1.9, respectively. The cell count per a dish of the
control group after 7 days of long-term culture
was significantly higher than that of the Ad-OA
and Ad-M6 groups (P<0.01). In addition, the
differential cell counts of the Ad-OA group
showed a significantly higher percentage of dif-
ferentiated granulocytes; this suggests a greater
tendency for myeloid differentiation than from
the Ad-M6 and control groups. (<0.01)(Table
1) Moreover, the granulocytes in the Ad-OA
group showed a denser myeloperoxidase staining
pattern, suggesting a greater maturation tendency
compared to those of Ad-M6 and control groups.
The findings of the Wright stain and the myel-
operoxidase stain after 7 days of long-term cul-
ture in the Ad-OA group in comparison to the
Ad-M6 group is presented in Fig. 2.
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Fig. 3. The degree of apoptosis in CD34+ cells of Ad-OA,
Ad-M6, and control Mock groups. The data represent
mean values and standard deviation (S.D.) of three inde-
pendent experiments.

4. Apoptosis

After 3 days of long-term culture, the degree of
apoptosis per a dish of the Ad-OA group was
12.28 £3.67%, which was comparable to those
(10.32+4.08%) of Ad-M6 group and significantly
higher than those (4.284+3.14%) of control group
(PP<0.01). After 7 days of long-term culture, the
degree of apoptosis per a dish of the Ad-OA
group was 34.40+5.94%. These results were
significantly higher than those of the Ad-M6
(13.36 £6.82%) and control (3.35+2.43%) groups
(P<0.01, Fig. 3).

DISCUSSION

Sharma et al firstly reported that down regula-
tion of telomerase activity is associated with the
differentiation of immortal cells including cancer
cells.” And then, there have been studies showing
some evidences about the effect of telomerase
suppression on the differentiation as well as
apoptosis in cancer cells.”” So, research to find
new drugs that can induce differentiation and
apoptosis of cancer cells by telomerase manipula-
tion has become a central focus. For example,
all-trans retinoic acid has recently been identified
to induce apoptosis and differentiation in pro-
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myelocytic leukemia cells by telomerase suppre-
ssion.” By contrast, there have been a few reports
on direct telomerase modulation in hematopoietic
stem cells (HSCs). Uniquely, Zimmermann et al
evaluated the effect of the augmentation and
suppression of telomerase activity of HSCs using
a retroviral vector containing a full-length h"TERT
cDNA; they found that telomerase function was
directly associated with the proliferative capacity
of HSCs, and suggested that it might have an
additional role in lineage differentiation.” How-
ever, they didn’t perform the study for differen-
tial count with blood cell morphology and the
degree of apoptosis. In this study, we evaluated
the effect of direct telomerase suppression, using
antisense carrying adenovirus, on the differentia-
tion by differential count and morphology as well
as apoptosis by flowcytometry of CD34+ cells
harvested from normal cord blood. As a result, we
could observe the possibility for telomerase sup-
pression of CD34+ cells to include the prolife-
ration suppression by CFU findings and the
induction of differentiation and maturation of
WBC series by differential cell count and morpho-
logy. Of course, the apoptosis increment by telo-
merase suppression was observable. These find-
ings suggest that telomerase suppression itself
might induce differentiation of normal HSCs,
and similar with the findings that all-trans
retinoic acid induce apoptosis and differentiation
of promyelocytic leukemia cells by telomerase
suppression.” There has been some studies con-
cerning to the association between telomerase
activity and the proliferation and differentiation
potential of cells. As a study for telomerase sup-
pression to induce cellular differentiation, Liu et
al reported that the loss of telomerase activity is
closely associated with myofibroblast differentia-
tion, and possibly functions as a potential trigger
for myofibroblast differentiation and expression
of telomerase suppresses myofibroblast differen-
tiation.” Contrarily, there have been some studies
reporting that telomerase augmentation is needed
for the facilitation of differentiation. Liu et al

reported that telomerase deficiency impairs dif-
ferentiation of mesenchymal stem cells and Fos-
ter et al observed for telomerase augmentation to
facilitate osteoblast differentiation.'™” And Arm-
strong et al reported that overexpression of telo-
merase confers growth advantage, stress resis-
tance, and enhanced differentiation of embryonic
stem cells (ESCs) toward hematopoietic line-
age.lz) But, Lee et al emphasized that ectopic
mTERT expression in embryonic stem cells does
not affect differentiation but confers resistance to
differentiation- and stress- induced p53-dependent
apoptosis.m Therefore, it seems that there is no
established theory about the relationship between
the changes of telomerase activity and the cell-
ular differentiation, despite it is clear that telo-
merase suppression induces cellular apoptosis.
Supposedly, the degree of telomerase modulation
and the difference of physiologic telomerase
activity of each stem cell seem to be the main
factors to determine the result of telomerase
modulation therapy on stem cells. For example,
the telomerase augmentation mainly induces the
differentiation in mesenchymal stem cells (MSCs),
but proliferation of ESCs and telomerase sup-
pression mainly induces cell deaths of MSCs but
apotosis as well as differentiation of HSCs.*'"'?

In conclusion, the result of our study revealed
that telomerase suppression developed not only
the cellular apoptosis but also lineage differen-
tiation of CD34+ cells. But there were some
limitations in our study. The most important one
was that we could not isolate the CD34+ cells
infected with adenovirus among CD34+ cells due
to technical problems. There might be a possi-
bility that unknown reactions influencing cell
biology in the adenovirus infected and non infec-
ted CD34+ HSCs could be present. The others
were the relatively small sample size and short
culture period due to the restricted cell number.
Despite of these limitations, our study seems to
a report showing that telomerase suppression
might influence differentiation as well as apop-
tosis of CD34+ HSCs. Further study is now
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warranted to clarify the role of telomerase sup-
pression in HSCs.

OF
=

0]

2 Dzl 24Ee Dz RNAS)
dHe Z7 ML B4 fX6 Bela Aow

q

=1 O
217 9t} xix}%% & 2 2kx] RNA 93 o] o
Xﬂa B3 =8 =7

.
Alzel Estet dmvjetA] &
g Eete J?ﬂr%i*é% Buz &

2 107 9] AT R AH T AR 2HY
CD34+ A& ARt a2t & Al wo2 &
Fotith dzvjetA e AAE EAT A2
ofelzutol e 25 A2 w(Ad-OAL), Hzrie}
A otE] AMAE E3IR] Fo olf wulo|HAE
A28t # (Ad-M6), 18]3 ojwdt A E 1A

P

R gz Al e Vo] e FAAAM Y
AXZ Fegd 54 T2 vlo EA4s9h
AL Y 3= A Al XS (clony-forming cells)

£ Ad-OATOIA 110+38% Ad-M6-(540+56), T
Z23(650£72)°] HlE] fFel YA RFATHP <0.01).
ey Ad-OATe A AT BT Bl &0 o]
UA T F el HlE] mkon dauEiA] oA
& Bl TR T3t S = Aol gl
]9}1;} ,q]_z oﬂ/\ﬂ—‘ Ezﬂ_ ‘6:1]:,]]61—;(4 1:'/\401]/\1_,_ /\(—)1
& FATY o] FrtEo 28 M2
davgA oA E &3 w3t %*36}91—3—% 2l
O]‘ME}’

HE d2vjgA] S =E F4 CD34+ 28 =
NS B AEZZe] Elo #H" & glon
dzvags] = 284S 53 27 A2
o7 el tak 7kl A eqE

REFERENCES

1) Feng J, Funk WD, Wang SS, et al. The RNA com-
ponent of human telomerase. Science 1995;269:
1236-41.

2) Sharma HW, Sokoloski JA, Perez JR, et al. Differen-
tiation of immortal cells inhibits telomerase activity.
Proc Natl Acad Sci 1995;92:12343-6.

3) Kraveka JM, Li L, Bielawski J, Obeid LM, Ogretmen
B. Involvement of endogenous ceramide in the inhi

bition of telomerase activity and induction of morpho-
logic differentiation in response to all-trans-retinoic
acid in human neuroblastoma cells. Arch Biochem
Biophys 2003;419:110-9.

4) Cheng AJ, Liao SK, Chow SE, Chen JK, Wang TC.
Differential inhibition of telomerase activity during
induction of differentiation in hematopoietic, mela-
noma, and glioma cells in culture. Biochem Biophys
Res Commun 1997;237:438-44.

5) Liu L, Berletch JB, Green JG, Pate MS, Andrews LG,
Tollefsbol TO. Telomerase inhibition by retinoids
precedes cytodifferentiation of leukemia cells and
may contribute to terminal differentiation. Mol Can-
cer Ther 2004;8:1003-9.

6) Zimmermann S, Glaser S, Ketteler R, Waller CF,
Klingmuller U, Martens UM. Effects of telomerase
modulation in human hematopoietic progenitor
cells. Stem Cells 2004;22:741-9.

7) Song ]S, Kim HP, Yoon WS, et al. Adenovirus-
mediated suicide gene therapy using the human
telomerase catalytic subunit (W'TERT) gene promoter
induced apoptosis of ovarian cancer cell line. Biosci
Biotechnol Biochem 2003;67:2344-50.

8) Graham FL, Van Der Eb AJ. A new technique for
the assay of infectivity of human adenovirus 5 DNA.
Viology 1973;52:456-67.

9) Liu T, Hu B, Chung M], Ullenbruch M, Jin H, Phan
SH. Telomerase regulation of myofibroblast differen-
tiation. Am ] Respir Cell Mol Biol 2006;34:625-33.

10) Liu L, DiGirolamo CM, Navarro PA, Blasco MA,
Keefe DL. Telomerase deficiency impairs differen-
tiation of mesenchymal stem cells. Exp Cell Res
2004;10:294:1-8.

11) Foster L], Zeemann PA, Li C, Mann M, Jensen ON,
Kassem M. Differential expression profiling of mem-
brane proteins by quantitative proteomics in a human
mesenchymal stem cell line undergoing osteoblast
differentiation. Stem Cells 2005; 23:1367-7.

12) Armstrong L, Saretzki G, Peters H, et al. Overexpre-
ssion of telomerase confers growth advantage, stress
resistance, and enhanced differentiation of ESCs
toward the hematopoietic lineage. Stem Cells 2005;
23:516-29.

13) Lee MK, Hande MP, Sabapathy K. Ectopic mTERT
expression in mouse embryonic stem cells does not
affect differentiation but confers resistance to differen-
tiation- and stress-induced p53-dependent apoptosis.
J Cell Sci 2005;15:819-29.



