CHAPTER V

RESULTS

Study of cell growth

Growth of Vero, HEp-2 and Jur died as followed. The seeding density for
both Vero and HEp-2 cells was 5x10 rkat cells. These cells were cultured in
24 well-plate with GM. Cells. 1 @croscope and cell viability was
determined by using tryphan blu¢

The results suggeste ¢ 24 hours for Jurkat and HEp-2

cells and 48-72 hours for Ver epresented the results from two

independent experiments. Each

The confluence monolayer ofVero celis w s e d ¢ éy 3 after seeding while HEp-2 cells
was on day 2. After that, the cells, shape ] ’ve ged due to the crowded cells. On day 3,
HEp-2 cells started to deta o, Fre beoiniid i Jurkat cells, which grow as
suspension cell culture, the 1}}'_ 7 ,'f."' . The number of dead cells
increased after long term culmg According to Figure 4, "the log r:‘ of each cell growth should be

within three days after seeding am! n the growth of gells were slow down. Therefore, the cells age
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Table 2. Growth rate of Vero, HEp-2 and Jurkat cells

Number of cells (mean+SD x 10* )*
Day Vero cell HEp-2 cell Jurkat cell
Viable Dead Total i Total Viable Dead Total
0 s - 5 et | o - 10 - 10
1 6.67+0.62 | 0.67+0.47 | 7.5+0. : : , 94 | 23121 0.75+0.25 23+1.5
AN
2 11.34047 | 140 12.1+08° : 3+ + 44425 | 23+0.75 46+2.1
- ‘.]E‘ .
3 24+0 2.340.23 26+ 4 7 ; 4 69+5.2 4.240.21 73+5.8
4 30.7+0.94 | 4.17+0.24 | 3640 68+1.7 a4 1 ( : 92+1 5.6+0.17 97+0.58
5 33.3+0.94 | 7.17+0.24 | 40.3+0. +2.16 3/‘? R 88+1.0 8.7+1.4 97+1.1
6 47.740.47 | 9.83+0.85 | 58.7+0.94 | 45. 7 14 60+2.55 120+5.8 29+0.26 150+5.8
- =

g
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HSYV replication in Vero, HEp-2 and Jurkat cells

To determine the ability of different cell types in supporting the replication of HSV-1 and
HSV-2, Vero, HEp-2 and Jurkat cells were infected with either HSV-1 or HSV-2 at MOI of 0.1, 1 and
5. The viral production in cells and supernatant collected at 12, 24 and 48 h.p.i. were determined by

plaque titration assay.

The yield of HSV-1 and HSV-2 -,.' 1CLiC these three cell types were shown in Table 3
ses replicated poorly in Jurkat cells.

Virus titers of HSV-1 infected Vero.cells.ii all M 0@ PFU/ml by 24 h.p.i., while one to
: d Jurkat cells. In this study, the yield

""“-..
\\\\ than those in HEp-2 and Jurkat
"\

produced (Table 3-4 and Figure

productions of both HSV-1 an
cells. The more inoculum siz
5-6). The new virions could fficiency of replication between
HSV-1 and HSV-2, HSV-2 consi ose obtained from HSV-1 KOS in
Vero and HEp-2 cells. ” in Jurkat cells. The viral yield
productions of both HSV-1 and HS t‘j cspecially at MOI 0.1 and 1 (Figure 5B
- .M- ..-f
Jurkat cells was low compared to (Rigure 5-6), except at 48 h.p.i.,

5. (Table 3 and 4)
ﬂﬂﬂ?ﬂﬂﬂﬁ'ﬂﬂqﬂ'ﬁ
Q‘W%‘Nﬂim UNIINLAY

and 6B) but at MOI 5, HSV-2 could grow “7 --------- Moreover, number of viruses held inside
.'

viruses were found in supernatar



Table 3. Efficiency of HSV-1 growth in different cell types at various MOI

Cell type MOI Hours post Amount of viruses (x104PFU/ml)*
(PFU/ml) infection | Inside cell | Supernatant Total
Vero 0.1 12 1.36 0.10 1.46
24 67.5 41.8 109.3
48 570 613 1183
1 12 9 72
2 60.3 209.3
64 97 1344
5 1 82.9
438
B 2900
HEp-2 0.1 ’ 1.62
; .ﬂ, 2.24
Bd&s 150
1 o 9.83
== 1.83 54.13
=g 506.9
5 23.35
14 | 88.3
48 los,,| 231 336
Jurkat ﬂlu 03 7] oot
q 24 0.0095 00314 | 0.0400
RIH:
9 1 12 0.0010 0.0151 0.0161
24 0.0312 0.1150 | 0.1462
48 0.1410 0.1840 | 0.3250
5 12 0.0022 0.0289 | 0.0311
24 0.0412 05230 | 0.5642
48 0.3610 0.6610 1.0220

* Data was mean average from two independent experiments
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Figure 5.
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The amount of HSV-1 produced in Vero, HEp-2 cells (A) and

Jurkat cells (B) from cells and supernatant at 24 h.p.i.
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Table 4. Efficiency of HSV-2 growth in different cell types at various MOI

Cell type MOI Hours post Amount of viruses (x104PFU/ml)*
(PFU/ml) infection | Inside cell | Supernatant Total

Vero 0.1 12 2.09 0.0550 2.14
24 16.4 1.65 18.05

48 36.3 61.3 97.6

1 12 H 0.075 3.575

2 | 3.46 36.66

5.0 )3 169

5 1 72

25 130

4 ) 9 288
HEp-2 0.1 _0.0650 0.0725
A 108 0.355

BAE N 70

1 SES 175 | 0239

24 ey 0.0230 115

=T 78.1

5 1 o621

.S .zﬂ 2.26

o 48 26.9 65.8 92.7
Jurkat ﬁu 1 N Glovs 105
4 24 0.0015 0.0920 0.0935

| — —

qq I I 1I EI 12 0.0050 0.0070 0.0120
24 0.0294 0.1150 0.1440
48 0.0170 0.2150 0.2320
5 12 0.0055 0.0327 0.0382

24 0.1150 1.43 1.545

48 0.1390 1.53 1.669

* Data was mean average from two independent experiments

46



Figure 6.

250-

=
200-/
e

Amount of virus(x16' PFU/mI)

Amount of virus(x104PFUImI)

Osupernatant
Hcells

47

The amount of HSV-2 produced in Vero (A), HEp-2 cells and Jurkat cells (B) from

cells and supernatant at 24 h.p.i.
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Viral replication in PHA-activated Jurkat cells

It has been shown that PHA activation enhances viral growth in peripheral blood leukocytes
(22), therefore to determine whether Jurkat cells activated by PHA can efficiently support viral growth.
The Jurkat cells were activated with PHA for one, two and three days. The activated cells were then
infected with either HSV-1 or HSV-2 at inoculum size of MOI = 5. The number of cells began at 1x10°

cells. After adsorption, the virus was allowed to replicate in culture fed with MM. Viral production in

assay at 24 and 48 h.p.i. The viral production
could be demonstrated within 24 h.p.i one day t cells (Table 5). Pre-activated Jurkat

lmmon but the longer pre-activation of

ble 5).

of one, two or three days did no

Jurkat cells the higher amount

To compare the vi I 1A -3 tivated. Ji at cells with Vero, HEp-2 and non-

activated Jurkat cells, 2x10’ s

inside the cells similar to Vero and HEp {‘. ST yield of HSV-2 production was lower

than HSV-1 and no difference in viral g fficte between PHA-activated cells and Jurkat cells

X
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Table 5. Efficiency of HSV-1 and 2 growth in PHA activated Jurkat cells (1x10°cells) at MOI=5

HSV type | Day after | Hours post Amount of viruses (xlO‘PFU/ml)*
activation infection | Inside cell | Supernatant Total
HSV-1 1 24 75.75 406.5 482.25
48 200 3875 587.5
2 24 152 255 407
4 ‘ 335 424.7
3 1 : 90 313
1125 - 453
HSV-2 1 14
24.75
2 3L.75
S 68.5
3 o Az 80.5
7 660
*Data was mean average fr ‘— e iments.
A
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Table 6. Efficiency of HSV-1 and HSV-2 growth in normal Jurkat and PHA-activated Jurkat

cells at MOI = 5 and 2x10° starting cells

Cell type Type Hours Amount of viruses (x10°PFU/ml)*
of | post Inside cell | Supernatant Total

virus infection
Jurkat HSV-1 24 0.412 5:23 5.642
3.61 6.61 10.22
HS 14.3 15.45
— 48 15.3 16.69
PHA-activated - | 25.5 69.25
Jurkat 175 382.25
4 s 5.625
48 7 8.875

* Data was mean averaggifro md ; ex
7
' %
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The Kinetic expression of HSV proteins

HSYV protein expression

The above observation indicated that ability of each cell type to support HSV replication was
different. This fact might be due to, different cell types have different factors in promoting viral

growth. Thus, the kinetics study of HSV-1 otein synthesis in HEp-2 and Jurkat infected

cells were performed by mean of rescence assay. Here, the polyclonal

PO, ICP22 and ICP47 were used.

. After inoculation, cells were

collected at two, four, six, nin : .pit, infex \.Q\.\: swere observed, scored and recorded for
|

antibodies to HSV-1, HSV-2 and F

The amount of HSV inoculu

fluorescent pattern, localizati \-\ gated antiserum. The staining

patterns were defined as perip g L atous ﬁo\a~ lear, cytoplasmic, diffuse, periphery

membrane and whole cell stainin i o8l \ \

Using rabbit anti HSV-1 and Ze sehtStainin, in HEp-2 cells could be seen at two
hours with granular pattern on cell membranc Figure 9(a)|. After four hours viral protein located
mostly in nucleus (rarely in cytopla six Hours, ed irboth nucleus and cytoplasm.

dnhel [Figure 9(a-h)]. The pattern

At nine hours, the staining w,
of staining did not signiﬁcantlﬂiffe b V-2 i@cted cells except at six hours,
proteins located mostly in cytopla.sm and the staining Wnsnty in HSV-1 infected cells was brighter

53 G LA BV P 1

HEp-2 cells was more tHah those in HSV-2 mfected cells (75% vs 50% at nine how At 24 h.p.i., the

infected cells m ﬂ ﬂw ﬁ m?wm Elable assuming
3 cells were infec

100 percentag

The protein expression observed in HSV-infected Jurkat cells was slightly distinct from those
described in HEp-2 cells (Figure 10). At four h.p.i., the staining still located mainly in nucleus with
high intensity and some staining appeared on cell membrane, none in cytoplasm part. The fluorescent
staining in cytoplasm was shown at six h.p.i. It seemed that HSV multiplication step in Jurkat cell

delayed at least two hours comparing to that in HEp-2 cells. The pattern of HSV staining between
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HSV-1 and HSV-2 infected Jurkat cells were not different unless the low intensity was observed in
HSV-2 infected cells. At 24 h.p.i., the number of HSV-infected Jurkat cells was lower than in HEp-2
(10-20% vs 100%).

Previous experiment indicated that PHA-activated Jurkat cells supported growth of HSV better
than non-activated cells. Here, the kinetic HSV protein expression in PHA-activated Jurkat cells

revealed the same finding as in HEp-2 infected cells (Figure 10). Increasing of the number of HSV-

infected PHA-activated Jurkat cells was de or rated ap proximately 50% although it was still lower

than that of HEp-2 cells (100%).
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HEp-2
HSV-1 HSV-2
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Figure 9. Fluorescent staining of HSV-1 infected HEp-2 cells at 2 (a), 4 (b), 6 (c), 9 (d) and
HSV-2 infected HEp-2 cells at 2 (e), 4 (), 6 (g), and 9 h.p.i. (h) at MOI of 5, using

rabbit anti HSV-1 and HSV-2 antibodies, respectively at magnification of 400X.
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A. Jurkat B. Activated Jurkat
HSV-1 HSV-2 ~__HSV1 HSV-2

ARIAN TN INGINY

Figure 10. Fluorescent staining of HSV-1 or HSV-2 infected Jurkat (A) and PHA-acitvated Jurkat
(B) cells at MOI 5 using rabbit anti HSV-1 and HSV-2 antibodies at 2, 4, 6 and 9 h.p.i.

at magnification of 1000X.
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Immediately HSV protein expression

The data obtained from the study of HSV protein expression suggested that the HSV replication
cycle in Jurkat cells may be delayed compared to that in HEp-2 cells. It is known that HSV IE proteins
are the first group of proteins can be expressed and play role in controlling HSV replication cycle.

Thus, kinetic expression of three IE proteins, ICPO, ICP22 and ICP47 were done to see whether the

delayed replication in Jurkat cells was caused by the'délaged expression of IE proteins or not.

The results revealed thatthe-appearance ¢ th(ﬁroteins are different among HEp-2,
Jurkat and PHA-activated Jurka Fig . -.,,_._;_H 13). All three IE proteins were

proteins (six hours) were ob A activated Jurkat cells; ICP22

in Jurkat cells; ICP47 in HE nly function in nucleus part, the
time of locating in nucleus was r ¢ 1€ offappearance was mostly the same as the
| ‘ayed, ICP22 and ICP47 in HSV-1
-2 infected HEp-2 cells. It was very

surprised to see that ICP47 could not be detected our hours only in HSV-2 infected PHA-

activated Jurkat cells [Fig e hér cells was still remained. The

intensity of IE protein stain -;u 1 ‘!- HSV-2 infected HEp-2 cells

while in Jurkat and PHA-actBted Jurka 1l high i@nsity (except ICP47 of HSV-2

infected Jurkat and PHA-activated'Juskat cells). W
AUEINENINEING

ARIAINTUNNING Y
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Table 7. Timing of the detected HSV-proteins (ICPO, ICP22, ICP47) in three different cell types

HSV-1 (hours) HSV-2 (hours)

HEp-2 | Jurkat | PHA-J | HEp-2 | Jurkat | PHA-J

ICPO 4 2 2 2 2 6
ICP22 6 6
ICP47 6 4

Table 8. Timing of det

HSV-2 (hours)

HEp-2 | Jurkat | PHA-J

ICPO —f_—,——“——‘— 2 6

[*))

ICP22 6

4

’1‘3

v/
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Figure 11.
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HSV-1 infected HEp-2 cell
2 hrs.

Fluorescent staining of HSV-1 or HSV-2 infected HEp-2 cells at 2, 4, 6, and 9 h.p.i. at
MOI 5, using rabbit anti HSV ICP0O, ICP22 and ICP47 antibodies, respectively
(magnify of 400X).
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ICP47

iICP22 ICPO

ICP47

Figure 12.
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HSV-1 infected Jurkat cell
2 hrs. 4 hrs. | 6 hrs. 9 hrs.

Fluorescent staining of HSV-1 or HSV-2 infected Jurkat cells at 2, 4, 6, and 9 h.p.i. at
MOI 5, using rabbit anti HSV ICPO, ICP22 and ICP47 antibodies, respectively
(magnify of 1000X).
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HSV-1 infected activated Jurkat cell

ICP22 ICPO

ICP47

Figure 13.

2 hrs. | 4 hrs. 6 hrs.

9 hrs.

Fluorescent staining of HSV-1 or HSV-2 infected PHA-activated Jurkat cells at 2, 4, 6,
and 9 h.p.i. at MOI 5, using rabbit anti HSV ICP0, ICP22 and ICP47 antibodies,
respectively (magnify of 1000X).
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Detection of HSV infected cells by Flow cytometry

The binding of FITC-conjugated antibodies to cells infected with either HSV-1 or HSV-2 was
analyzed by using Flow cytometry. In this study, the amount of virus inoculum was used at MOI 5.
After 24 h.p.i., HEp-2 and Jurkat cells were collected and the reaction of cells was stop by adding

0.02% EDTA solution. To allow the entry of HSV specific antibodies, cells were then fixed by using

4% w/v paraformaldehyde and penneabil' by FACS permeabilizing solution with containing 0.1%
saponin. Then cells were incubated .,__‘__S\\‘ ‘ followed by incubation with the swine-
anti rabbit antibody conjugated n order toﬁ specificity of detection, Jurkat cells
were stained with CD3/PerCP" bef ysis (1 trol cells were included in each
experiment to allow determinati ificity eaction and the overlap b;etween

positive and negative cells. ¢ independent experiments, were
shown in Table 9 and Figure 44. 3 ells in each group'was calculated with the Cell-Quest
software and expressed as the al population (Table.9). The number of HEp-2, Jurkat
and PHA-activated Jurkat cells e 1 3 S =1 or HSV-2 were compared in Table 9. The

percentage of cells stained nonspe 18 than 0] % in all cases, so that in each sample of

20,000 cells less than 20 cells were nonspegificall ed. The results in Table 9 and Figure 14
demonstrated that the percéiita ' ctéd HEp-2 and Jurkat cells were

different (71.58% vs 22.71 5“1 »""‘" as observed in PHA-activated
Jurkat cells (40.07%). In congt to HSV- ted , the numbgr of positive HSV-2 infected HEp-
2 and Jurkat cells were quite sitlih 57.01% and 474 5%, respectively. But, the number of positive

cells was decreased ﬁ’%&le% ﬂ%e%f@ zWay Qhﬂiﬁzgw%). In addition, the

percentage of HSV-l%fected both HEp-2 %nd PHA-activz}ée.d Jurkat cells Vﬁ}higher than HSV-2

infocied theﬂ:veqSﬂ @ﬂl‘ﬁaﬂﬁ)%ﬁﬁ}%)wtﬁm 1ﬂm&}he TGRS oF

HSV-1 infecte@ Jurkat cells was lower than that of HSV-2 (22.71% vs 47.15%). However, it was found

that the intensity of HSV-1 infected cells was brighter than HSV-2 infected cells in all cell types.
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Table 9. Percentage of HSV-1 or HSV-2 antigen expressing cells in HEp-2, Jurkat and
PHA-activated Jurkat cells at 24 h.p.i. detected by Flow cytometry.
Cell type % of positive cells (mean+SD)*
HSV-1 HSV-2
HEp-2 71584745 %% 57.01+5.04
Jurkat 47.15+0.76
PHA-activated +1) —29"13+1.59
Jurkat
* Data was me periments
** The % of pg8iti in from the % of positive cells which
-
already cut off the % of no e s ( :
W
A
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Adsorption ability of HSV among different cell types

The fact that HSV replication in each cell type is different, not only involving with the factors
of cells to promote viral growth are different, ability of virus adsorption and entry into cell might be
involved. The adsorption of HSV virions to HEp-2, Jurkat and PHA-activated Jurkat cells were

determined by assay the reduction of viruses titer in inoculum after adsorption procedure. The results

showed in Table 10. The ability of cel \ / / of viruses represented as the percentage of

adsorbed virus per total amount of in h_percentage indicated the high ability of

A-3 ivatdlls could adsorb HSV-1 better than

at cells to adsorb both HSV-1 and

| \\\“‘a e

adsorption. It appeared that HEps2eand-
HSV-2 (93% vs 64% and 97% v
HSV-2 was the same (89%). Motg
but only 47% of PHA-activatéd Jug
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Table 10. The HSV adsorption ability of HEp-2, Jurkat and PHA-activated Jurkat cells

Cell type Type
of

virus

HEp-2

- Jurkat

* Data was mesz

Inoculum

Jurkat ,7 Jﬁ_' 14

hﬁ )

PHA-activated - }'.rf

Amount of viruses % Adsorbed
(mean + SD xlO6PFU/ml)*
After Adsorbed virus
adsorption virus (%)
(a-b=c) (c/a x100)

1.06+0.11 93+0.01

1.12+0.09 64+0.03

0.89+0.01 89+0.01

0.89+0.02 89+0.02

0.97+0.01 97+0.01

“0.47+0.03 47+0.02

-
-

Iy
|

T

ﬂUEJ’JVIEJ‘VI’iWEJ’]ﬂ'i
QW’]a\ﬂﬂ‘imN‘lﬂWﬂmaH

average from two independent expefiments (duplicate each)
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HveA-mRNA expression in Jurkat cells and PHA-activated Jurkat cells

Since HveA is well known that it is only one HSV receptor presents on T lymphocytes (15) and
the previous results indicated that the ability of virus adsorption between Jurkat and PHA-activated
Jurkat cells were different. This might be probably caused by changing in receptors due to PHA

activation. Thus an experiment was designed to observe this possibility by comparing HveA-

The detection of Hve A" 551012 . stud RT-PCR. As showed in Figure 18,
the increasing of the band ing@nsity ted by serial two fold dilutions started from 25 ng
to 200 ng of RNA extraction fi Jurke i / : in mRNA was also done parallelly as a
control of the system and used to-compare punt of amplified products. HveA mRNA
Hohe: tivated Jurkat cells. The results

expression in Jurkat| célls
-
N ";‘ extracted from PHA-activated

revealed that HveA tl"_
Jurkat cells while no barmyf HveA gene produ
the HveA band was seen a#f23=and 50 ng in botlyJurkat and PHA-activated Jurkat cells RNA, the

intensity of banﬂeui%}rllg P%Ieﬂt%tﬁfﬂ%ﬂr@ in PHA-acdtivated Jurkat

cells implied thaﬂhere was an increasesin HveA mRNA expression. The increasing of HveA
"1 g

QAR HATI AR o

oservec@ that from Jurkat cells. Although
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A. M1 2 3 4 5

Beta-actin
product

100 bp—-

500 bp ----

Figure 15. RT-PCR of B-actin (A) and HyeA (B) from various amounts of RNA extracted from
Jurkat ¢elis

A. Ldne M marker 1 kb plus 100 bp ladder B. Lane M marker 1 kb plus 100 bp ladder

Lane 1 DW Lane 1 Jurkat RNA  25ng
Lane 2 Jurkat RNA 25 ng Lane 2 Jurkat RNA 50 ng
Lane 3 Jurkat RNA 50 ng Lane 3 Jurkat RNA 100 ng
Lane 4 Jurkat RNA 100 ng Lane 4 Jurkat RNA 200 ng

Lane 5 Jurkat RNA 200 ng



Figure 16.

Comparison of HveA productbetween Jurkat and PHA-activated Jurkat cells

by|RT:PER
Lane M
Lane 1,3
Lane 2,4
Lane 5,7
Lane 6,8
Lane 9,11

Lane 10,12

marker 1 kb plus 100 bp ladder
Jurkat RNA

PHA-activated Jurkat RNA
Jurkat RNA

PHA-activated Jurkat RNA
Jurkat RNA

PHA-activated Jurkat RNA

10 ng
10 ng
25 ng
25 ng
50 ng
50 ng
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