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Effect of human cytomegalovirus on proliferation of
hematopoietic progenitor cells of cord blood
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Abstract: Objective This study was designed to investigate the effect of human cytomegalovirus (HCMV) on the
proliferation of colony forming unit granulocyte-macrophage ( CFU-GM ), CFU-erythroid ( CFU-E), burst forming unit-
erythroid (BFU-E) , CFU-multipotential (CFU-Mix) and CFU-megakaryocytic ( CFU-Mk) progenitor cells of cord blood in
vitro as well as the possible mechanism. Methods Twenty cord blood specimens were collected from the umbilical vein of
normal full-term neonates delivered spontaneously. This study consisted of five groups: 3 Infection groups in which 0. 1 mL
10*, 10* and 10° plague forming unit (PFU) HCMV-AD,, virus solution was added to the culture system, an Inactivated
control group in which the equal volume of inactivated virus solution was added, and a Blank control group ( normal
progenitor cells culture system without HCMV virus infection). Colony forming unit-assay was applied to detect the effects
of HCMV-AD,, strain on the colony formation, inhibition rate and colony-maintaining duration of CFU- GM, CFU-E, BFU-
E, CFU-Mix and CFU-Mk of cord blood. PCR technique was used to demonstrate the existence of HCMV-DNA in the
colony cells of cultured CFU-GM, CFU-E, CFU-Mix and CFU-Mk. Results HCMV-AD,, (10’ PFU) in low concentration
had inhibition effects on colony formation of the CFU-Mix and CFU-MK (P <0. 05), whereas 10’ PFU and 10* PFU
HCMV-AD, lead to decreased colonies in CFU-GM, CFU-E, BFU-E, CFU-Mix and CFU-MK compared with the Blank
control and the Inactivated control groups (P <0.05). The suppression effect of HCMV on the colony formation was dose-
dependant. The colony-maintaining duration of the CFU-GM, CFU-E, BFU-E, CFU-Mix and CFU-Mk in the 10’ PFU and
10* PFU HCMV infection groups was significantly shorter than that in the two control groups (P < 0.01). The low
concentration of HCMV-AD,, (10 PFU) infection resulted in a shortened colony-maintaining duration of the CFU-Mix and
CFU-Mk (P <0.01), but had no effects on the colony-maintaining duration of CFU-GM, CFU-E and BFU-E. PCR
amplification demonstrated the existence of HCMV-AD,, DNA in the colony cells of the three Infection groups.
Conclusions HCMV-AD,, strain can infect hematopoietic progenitors of cord blood and inhibit the proliferation of
hematopoietic progenitors, associated with anemia, neutropenia and thrombocytopenia in HCMV patients.

[ Chin J Contemp Pediatr, 2006, 8(2) :85 -89 ]

Key words: Cytomegalovirus; Hematopoietic stem cells; Cell proliferation; Cord blood

NS 0 s e Bk e e I ML ML #EL 240 JEL49% 5 14 535 Wi

XX, 25, A, R, FRE, FESE P FFRK F R E A W E LA, 5
b & X, 430022

[# ZE] HEM HTAZSE 40 8 (HCMV ) B X ik i 1% 1 45 48 ifg ( CFU-GM , CFU-E . BFU-E , CFU-Mix
B CFU-Mk ) S8 58 i bl fE F AL . A3k 20 B5F i bm AU e T IE % B A W™= #iA4: L. ety 5 4.
(1) 3 4~ HCMV et B4 3 BN A 0. 1 mL 9 10° (10" J% 10° 22 BEJE A 8037 (PFU ) HCMV-AD, o 5 85 T
R T (2) JOESTHRAL, A FABUK G HCMV SEHEH; (3) 45 (X BRA, R HCMV i a1 =2 LA i
T IMDM . SR FH 5 M AH 4 A ok B AR Fe 4 AR 597 AR T4 HCMV-AD, o, Bk X3 i 1l CFU-GM ,CFU-E | BFU-
E CFU-Mix J CFU-Mk £ & %, 410 1 22 F0 4 ¥ 48 45 0 18] JF 2R & W8 4% S L (PCRY) 2 AR A il 48 % 248 i oY
HCMV-DNA, 58 (1) 7R LA 40 8% 35 0 5 v AR [ 7 2 9 HOMV-AD, g J55 , 10* il 10° PFU i B2 i X
CFU-GM ,CFU-E .BFU-E .CFU-Mix }%, CFU-Mk £E 7478 3045 S 2 3k /E AT, 10° PFU i B s ) CFU-Mix J% CFU-

[ Received ] October 6, 2005 ; [ Revised ] January 25, 2006
[ Foundation Item ] Supported by the Educational Department of Sichuan Province(1997:133).
[ Biography ] LIU Wen-Jun, Male, Professor, Specializing in childhood hematopathy ( Email: lwjlyfy@ yahoo. com. cn).

-85 -



55 8 45 2 ] P SRR & Vol. 8 No.2
2006 44 H Chin J Contemp Pediatr Apr. 2006
Mk BE75 I AT 2 AOARIVE T, 45 25 O IR R CTE X IR LU, 22 5 A W B M (P < 0..05) o i 00 BBy, 10

IR B (P <0.05) , (2) 10*F1 10° PFU 3 %4l CFU-GM ,CFU-E BFU-E ,CFU-Mix } CFU-Mk 45 7% 4 4%
R 171 5 %k 4 B S 4 0 (P < 0..01) , 107 PFU i B SR e 41 CFU-Mix Al CFU-Mk 55 % 4 435 6F i) 450 oF B 2L B 48 447
(P<0.01), (3) PCR &5 3 AMEYL4A % CFU-GM .CFU-E CFU-Mix J CFU-Mk £3% 41/ 1345 HCMV-AD,,, DNA
F1E, %51 HCMV-AD,, fi B #:/8YL CFU-GM ,CFU-E BFU-E ,CFU-Mix } CFU-Mk & [fiLHE. 400, F 40 3 1l #E 40
JHLAY B 5, X P RS HCMV g s L BHURE 2 B0 2 | i/ IV 2 AR i 4538 1l By e 38 LA 5% o

[Xx # W]

[FE4SES] R766.18 A

[ STERFRIREG ]

Human cytomegalovirus (HCMV) , a member of the
herpes virus family, infects the majority of the popula-
tion by adulthood " Acute HCMV infections in
immunocompromised individuals may cause severe
hematological disorders. Clinically, in patients under-
going hematopoietic stem cell transplantation ( HSCT)
HCMV can be associated with delayed platelet engraft-
ment, phenotypically abnormal peripheral blood leuko-

231 possibly through a

cytes, and graft rejection
direct viral effect on hematopoietic progenitor cells '/
However, the mechanism of the suppression effect of
HCMV on colony-forming has not been completely
identified. Recently, considerable interest has arisen
as to use cord blood as a source of hematopoietic stem
cells for allogenic transplantation. Goodrum's study
has shown the suppression effects of HCMV on colony
forming of hematopoietic precursors of bone marrow
(BM). It is important to examine whether a similar
effect is also observed in HCMV -infected hematopoietic
progenitor cells of cord blood. In this study we investi-
gated the effect of HCMV on proliferation of colony
forming unit granulocyte-macrophage ( CFU-GM ),
CFU-erythroid ( CFU-E) , burst forming unit-erythroid
(BFU-E), CFU-multipotential ( CFU-Mix) and CFU-
megakaryocytic ( CFU-Mk ) progenitor cells of cord

blood in vitro as well as the possible mechanism.
Materials and methods

Cord blood specimens

Twenty cord blood specimens were provided by the
Department of Obstetrics of the Affiliated Hospital of
Luzhou Medical College. They were collected from the
umbilical vein of normal term neonates delivered spon-
taneously.
HCMYV strains

HCMV-AD,, strains were obtained from the Institute
of Virology, Chinese Academy of Preventive Medicine.
The initial concentration of HCMV-AD,, was 10°
plague forming unit ( PFU)/mL, which was diluted
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into three kinds of concentration ( 10°, 10* and 10’
PFU/mL) before use. A part of initial HCMV-AD,,
solution was inactivated by exposing to ultraviolet lamp
for 15 minutes. These were preserved at -70°C for use.
Main reagents

Iscove’ s Modification of Dulbecco’ s Medium
(IMDM) and methylcellulose were provided by Sigma
Company ( USA), and recombinant human granulo-
cyte/monocyte colony stimulating factor (thGM-CSF) ,
by Kirin Company ( Japan ). Recombinant human
thrombop-oietin ( thTPO ), recombinant human inter-
leukin-3 (rhIL-3) and recombinant human interleukin-
6 (rhlL-6) were obtained from Pepro Tech EC ( Eng-
land). Recombinant human erythropoietin ( thEPO) ,
and 2-mercap-toethanol and L-glutamine (L-Glu), as
well as HCMV PCR test kit, were provided by Shan-
dong Kexin Biological Products Company, Shanghai
Huashun Biological Products Company and Shanghai
Fuxin Biological Products Company of China, respec-
tively.
Methods
Separation of cord blood mononuclear cells
(CBMC)

The cord blood sample was firstly diluted with 1640
medium at 1:1 before centrifugation (1 500 rpm, 10
minutes ). Supernatant fluid was discarded, followed
by addition of equal volume of 1640 medium. After
thorough mixing, the solution was transferred onto the
surface of 3 ml lymphocyte separation solution
( Hypague-Ficoll, specific weight =1.077). Thereafi-
er, centrifugation at 1 800-2 000 rpm for 20 minutes
was carried out. The supernatant fluid was then added
into 1640 medium. After mixing, they were centrifuged
at 1 800-2 000 rpm for 10 minutes and were washed
twice. Finally, the precipitation was diluted with
IMDM to dispense the mononuclear cell suspension.
Experimental grouping

There were 5 experimental groups: (1) 10°, 10*

- 86 -



8 A2 M)
2006 4£ 4 J

T E 5 ARILARE

Chin J Contemp Pediatr

Vol. 8 No.2
Apr. 2006

and 10° PFU three infection groups: 0.1 mL 10°, 10*
and 10° PFU HCMV-AD,, virus solution was added to
the culture system to each respective group; (2) Inac-
tivated control group; equal volume of inactivated virus
solution was added; (3) Blank control group: no
HCMYV virus solution was added and equal volume of
IMDM was added instead.
Culture of hemopoietic progenitor cells

The culture system consisted of 0.9 g/L methylcellu-
lose, 30% FCS, CBMC suspension (final concentra-
tion:2 x 10°/mL), IMDM, and HCMV-AD,,, solu-
tion. Stimulation factors needed for the growth of
hemopoietic progenitor cells were added into various
culture systems to establish an in wvitro hemopoietic
microenvironment similar to the one under physiological
conditions. See Table 1. The specimens were incuba-
ted in a 37°C and 5% CO, saturated humidity atmos-
phere for 14-30 daysib:.

Table 1 Stimulation factors added into the various
culture systems

Stimulation factors

CFU-GM rthGM-CSF

CFU-E 2-mercaptoethanol, L-Glu, rhEPO
CFU-Mk IL-3, IL-6, thTPO, 2-mercaptoethanol
CFU-Mix IL-3, IL-6, thTPO, rhGM-CSF, rhEPO,

2-mercaptoethanol, L-Glu

Identification and counting of the colony

The colony was counted under an inverted micro-
scope. The mean value of two wells was adopted. The
CFU-GM colony, the BFU-E colony, and the CFU-Mix
colony (including erythroid, granulocyte, macrophage
and /or megakaryocyte systems) meant a cell mass
which contained over 50 cells and was counted at the
7th day, 10th-14th day and 14th day of culture, re-
spectively. The CFU-E colony meant a cell mass which
contained 8-50 cells and was counted at the 5th-7th
day of culture. The CFU-Mk colony which contained

more than 3 cells megalokaryocyte mass was counted at
the 18th day of culture.
Morphological analysis of colony cells

In order to identify the cell component of colonies
routine Wright-Giemsa staining was applied in the anal-
ysis of CFU-GM, CFU-Mix and CFU-Mk colony cells,
and biphenylamine staining was used for the analysis of
BFU-E and CFU-E colony cells.
Detection of the HCMV-DNA in the colony cells

HCMV-DNA in the colony cells of CFU-GM, CFU-
E, CFU-Mix and CFU-Mk groups was detected using
PCR. Colony cells were washed with PBS buffer solu-
tion (0.1 M, PH 7.2) under low speed centrifugation
twice, and then washed with ddH,O once. Supernatant
was discarded to remove the residual virus attached to
cell surface. PCR was performed according to the kit
instruction. The appearance of a 420 bp specific am-
plification band indicated positive results.
Statistical analysis

Statistical analysis was performed by statistical soft-
ware SPSS 10. 0. Data were presented as means = SD
(x +s). ANOVA and SNK were applied to test the
differences between groups. Percent of inhibition =
(colonies of the Inactivated control group - colonies of
the HCMYV infection group)/ ( colonies of the Inactiva-
ted control) x100% .

Results

Effects of HCMYV on colony formation of hemato-
poietic progenitor cells

Low concentration of HCMV-AD,, (10° PFU) was
found to have inhibition effects on the colony formation
of the CFU-Mix and CFU-Mk. 10 PFU and 10* PFU
HCMV-AD,, were shown to decrease colonies of CFU-
GM, CFU-E, BFU-E, CFU-Mix and CFU-Mk com-
pared with the Blank control and the Inactivated control
groups. The suppression effect of HCMV on the colony

formation was dose-dependant. See Table 2.

Table 2 Effects of HCMYV on colony formation of hematopoietic progenitor cells (x+s, n=20)
CFU-GM CFU-E BFU-E CFU-Mix CFU-Mk
Group Colonies  Inhibition rate ~ Colonies  Inhibition rate  Colonies  Inhibition rate  Colonies  Inhibition rate  Colonies  Inhibition rate

(/2x10°CBMC) (%)  (/2x10°CBMC) (%)

(/2%x10°CBMC) (%)

(/2%x10°CBMC) (%) (/2 x10°CBMC) (%)

Blank 90.4+12.2 — 814.4 +211.8 — 37.2+4.0 — 129.3 +21.2 — 90.1+10.9 —
Inactivated 90.9 9.4 — 799.3 £209.6 — 36.6 +4.6 — 126.8 18.1 — 86.5+10.1 —
10°PFU HCMV ~ 53.7 £9.7%" 40.9 4163 £114.4%> 479 21.222.6%° 5.3 56.7+11.9%P 5.2 47.0£13.1%P 2.1
10*PFU HCMV ~ 61.2 £7.5%" 2.7 5831144 302 234514 3.1 82.3x12.6"" 5.1 60.8+11.3%P 29.7
10°PFU HCMV ~ 83.6 +7.5" 8.0 744.2 £180.6" 6.9  33.6+4.4 8.2 101.1+13.4%> 203 74.0 £8.1%° 14.5

a compared with the Blank and the Inactivated groups, P <0.05; b comparison among the three Infection groups, P <0.05
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Effects of HCMV on the colony-maintaning duration
of hematopoietic progenitors cells

The colony-maintaning duration of the CFU-GM,
CFU-E, BFU-E, CFU-Mix and CFU-Mk in the 10° PFU
and 10 PFU HCMV infection groups was significantly
shorter than that in the two control groups. Low concen-
tration of HCMV-AD,, (10’ PFU) infection resulted in a
shortened colony-maintaining duration of the CFU-Mix
and CFU-Mk, but had no effects on the colony-maintai-
ning duration of CFU-GM, CFU-E and BFU-E. See Table
3.

Table 3 Effects of HCMV on colony-maintaining duration of

hematopoietic progenitors (v+s, n=20)

Colony-maintaining duration (day)
CFU-GM CFU-E BFU-E  CFU-Mix CFU-MK
Blank 17.6 4.1 10.5+2.5 22.4+3.6 23.4+2.9 28.9+3.2
Inactivated ~ 18.2+£3.4 11.7+1.3 23.8+3.2 23.9%3.1 27.6+2.9
10°PFU HCMV  12.5 +£2.4% 7.4%1.6* 17.1£3.2% 14.1+2.3* 20.8 £2.5°
10*PFU HCMV 13.1£2.6* 8.9 £2.1* 18.6+2.8* 15.7+2.8* 22.5+1.7°
10°PFU HCMV  16.9 4.7  9.1+2.8 22.4+2.6 18.5+4.8" 23.8 +4.9°

Group

a compared with the Blank and the Inactivated groups, P <0.01

HCMV-DNA

The colony cells (CFU-GM, CFU-E, CFU-Mix and
CFU-Mk) were collected at the peak time of colony
formation and the HCMV-DNA of the colony cells was
detected by PCR. As a result a specific 420 bp ampli-
fication band appeared in the three HCMV infection
groups, while the Blank control and the Inactivated

control groups presented negative results ( Figure 1).

420 bp

1 2 3 4 5 6 7 8

Figure 1 HCMYV-DNA PCR products of colony cells.
1. DNA molecular weight standard; 2. Blank control group; 3. Positive
control group; 4. Inactivated control group; 5. HCMV group: CFU-GM ;
6. HCMV group: CFU-E; 7. HCMV group: CFU-Mix; 8. HCMV group:
CFU-Mk.

Discussion
It was reported that many diseases were related to
hematopoietic suppression induced by virus infec-

[7]

tion""". HCMV may cause hemopoietic system diseases

such as mononucleosis, thrombocytopenia, leukopenia

. .12 . . .
and hemolytic anemia'?’. However, its mechanism is

still unclear. In this study, cord blood CFU-GM,
CFU-E, BFU-E, CFU-Mix and CFU-Mk were cultured
in vitro using a hemopoietic progenitor cell culture sys-
tem. Hemopoietic progenitor cells were continuously
infected by different concentrations of HCMV solution.
Samples were cultured until the peak time of colony
formation. Thereafter, the colony number of CFU-GM
CFU-E, BFU-E, CFU-Mix and CFU-Mk as well as the
colony-maintaining duration were measured. In this
study, an obvious suppression effect of HCMV on the
CFU-GM, BFU-E, CFU-E, CFU-Mix and CFU-Mk
colony formation was observed, and the suppression
effect was dose-different, i. e. the colony number de-
creasing with the virus concentration increasing. It was
also observed that the colony-maintaining duration was
significantly shortened in the HCMV infected groups
than that of the Control group. These results suggest
that HCMV infection can remarkably suppress the pro-
liferation of cord blood hemopoietic progenitor cells.

We collected the colony cells ( CFU-GM, CFU-E,
CFU-Mix and CFU-Mk) at the peak time of colony for-
mation and the HCMV-DNA of the colony cells was
tested by PCR. As a result the HCMV groups presen-
ted positive but negative in the Blank control and the
Inactivated control groups. This suggests showed that
HCMYV was present in progenitor cells.

Without support of stromal cells, B lymphocytes can
not further mature in cord blood, which means the in-
fluences of stromal cells and immune cells were rela-
tively less in this experiment. This study showed that,
comparing with the Blank control and the Inactivated
control groups, the colony number was significantly de-
creased, and the HCMV-AD,,, DNA could be detected
in hemopoietic progenitor cells in the HCMV infection
groups. These results indicated that the suppression of
hemopoietic progenitor cell colony formation might
result from direct infection of HCMV, which may be
related to the haematopoiesis disorders such as anemia,
granulocytopenia and thrombocytopenia after HCMV
infection.

This is a preliminary in vitro study on the suppres-
sion of HCMV on cord blood hemopoietic progenitor
cells. Further investigation is needed to elucidate its
mechanism and the suppression effect of HCMV on

hemopoietic system in vivo.
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