CHAPTER VI

DISCUSSION

Growth of HSV has been studied in many cell types. Replication of the viruses has been
examined in a number of cell systems. The duration of successive steps in the replication

cycle depends upon the type of host cells s strain and the multiplicity of infection

(138). The tissue tropism of HS

: iypes. We are interested in studying
——
HSV replication in lymph 1y Tepoits ggested that viral spreading

tissue which comprised of epi

during infection may be is believed that replication

of virus in leukocytes ma anism of virus in the body.

A feature of HSV tybe wide variety of animals and

animal cells grown in cu tur ) ellitypes evaluated for the isolation of

. i j R
HSV and it was found that Vet cellsuerc df

i -"‘r' ‘.T.- 2 |
(172). The Vero cell line has be e vely in virus replication and plaque

=5 : T TR 3 3
titration assay (173). HEp-2 cellsar€ also umpor dely used as susceptible hosts for

usce ptible cells for HSV isolation

HSV replication as gopdias-Veio-cete-tk ::,““"-‘=“"-‘ﬂm-'-"1:m cases in humans, in this
study, only human cells were t ¢ ineluded as control susceptible

cells. Results from the present studies, using MOI of 0.1 PFU/cell revealed that HSV-1 yield
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(Table 4). These results confirm the high susceptibility of Vero cells. Moreover, the
efficiency of HSV-1 production is better than HSV-2 in Vero and HEp-2 except in Jurkat
cells (Table 3 and 4). The distinction of HSV growth might be due to genetic differences
among these three cell lines. However, HEp-2 cells, an epithelial cell line, supported HSV

replication better than Jurkat cells, T lymphocyte cell line. Previous work reported that in

primary chick embryo cells, HSV-1 produced very low yields of progeny virus particles
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while HSV-2 replicated very well (174). Our results showed that in Jurkat cells, HSV-2 grew
better than HSV-1 (Table3, 4). Interestingly, viruses were detected in supernatant greater
than inside cells which was opposite to that observed in Vero and HEp-2 cells (Table 3 and
4). This phenomenon was probably because Jurkat cell grows individually in suspension
without adherence like Vero and HEp-2 cells. Thus, releasing of virions will be directly to
outside cells, not cell-to-cell spreading liked Vero and HEp-2 cells (15). Our study showed

that HSV could replicate in T lymphocytes, Jurkat cells, even its growth was very poor

(Table3 and 4). Previously, HSV-2 plicate in human leukemia T cell line
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Kinetic expression of HSV (both HSV-1 and HSV-2) proteins in HEp-2 and Jurkat were
compared using polyclonal anti HSV-antibodies. The appearance of HSV protein synthesis
in HEp-2 cells was similar to previously reports (140-142). However, HSV proteins in Jurkat
cells was detected at least two hours delayed (Figure 10) compared to that in HEp-2 and
PHA-activated Jurkat cells (Figure 9). This conclusion came from the appearance of
cytoplasmic staining observed at six hours in Jurkat cells (Figure 10 ¢,g) while that staining

was seen at four hours in both HEp-2 cells (Figure 9 b,f) and PHA-activated Jurkat cells
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(Figure 10 j,n). Since the early step of successive HSV-replication involves the expression of
IE proteins which known to be synthesized during two to four hours past infection. Thus, the
expression of IE protein might be delayed. The expression of three IE proteins (ICPO,
ICP22, ICP47) was observed in Jurkat and PHA activated Jurkat cells compared to HEp-2
cell as control. The results of ICPO expression suggested that the expression of ICPO
correlated with HSV growth in Jurkat and PHA-activated Jurkat cells (Table 3-6 and Fig 11-

13). For example, in the case of PHA-activated Jurkat cells, ICPO could be expressed in

HSV-1 infected cells more and fas;er' ha 1 infected cells (Fig 13 and Table7); the
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results of its kinetic replication (Table 6) shotweélgthat HSV-1 grew better than HSV-2.
Furthermore, in HSV infected. Juik ‘ @nd since two h.p.i. whereas it

could be seen at four h.p.i. iiected H dlfference in time expression

of ICPO between two ' t nbt ¢ fon cycle of HSV in HEp-2
cells. Our results indi ﬁ ,,, : " \Y, \ ause of HSV growth retardation

NN

in Jurkat cells but it Je K \ K eplication in Jurkat cells.
Although many evidences et ! ated in the past 15 years, until now
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In contrast, ICP22 expression may involve in the delay of HSV-1 and HSV-2

replication in both Jurkat cells and PHA-activated Jurkat cells. The results showed in Figure
12,13 and Table 7,8). Bruni ef al., 1999 demonstrated that ICP22 is required in vivo and for
efficient replication and expression of a subset of late (y,) genes in rodent or rabbit skin cell
lines and in confluent primary human cell strains (restrictive cell) (53,54,184). Since Jurkat
cells are restrictive cells for HSV, it is possible that ICP22 is also required for HSV

replication in Jurkat cells and the delay of ICP22 expression might cause the expression of
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subset of late (y,) genes postponement which affect the completion of HSV virions.
However, it has been demonstrated that ICP22 is not required for virus replication in Vero
and HEp-2 cell lines (permissive cell) (51). This might be due to the absence of ICP22
including ICP4 and ICP27 allows for prolonged gene expression and cell survival (185)

which benefit for viral replication.

As same as ICPO, ICP47 did not implicate with the retard of HSV replication in

Jurkat cells (Fig 12, Table 7,8). However, the monstrated that the growth of HSV in
HEp-2 and PHA-acivated Jurkat.cells was efﬁcwncy of ICP47 expression in
these cells. Especially H » » v1ral yield production and
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infected all three cell typesiwhen ' ol i infected cells (Figure 11,12,13
and Table 7). Tomazin et alf1998 demignstrated that both HSV-1 ICP47 and. HSV-2 ICP47

blocked the major histocompatib: ' comm ( 55 | antigen presentation pathway

effectively (82). By preventing the ex : al epitopes, ICP47 prevents the immune
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multiplicdtion. Thus, the yield production of HSV-2 was low in such cells which was

opposite to HSV-1 (Figure 13, Table 5,6).

The numbers of infected cells demonstrated by Flow cytometry. Cells were infected
with HSV at MOI S and stained by using polyclonal anti-HSV specific type antibodies as
primary antibody. The results were shown in Table 9 and Figure 14. The number of HSV-1

and HSV-2 positive cells in HEp-2, Jurkat and PHA-activated Jurkat cells were correlated to
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the yield of viral production (Table3-6 and Table 9). The more positive cells were detected
the more viral productions were observed. This study confirmed that HSV-2 replication in
Jurkat cells was better than HSV-1 (47.15% vs 22.71%) and after PHA activation, HSV-1
could replicate better than HSV-2 (40.07% vs 29.13%). It is very interesting why PHA-
activated Jurkat cells could not support HSV-2 growth. It probably related to the expression

of ICP47 as discussed above. However, the exact mechanism could not be demonstrated

I/&at the factors of each cells to

promote viral growth implica diffé nt in each cell type including

here.

Although the results d

between types of HSV, from //) sults demonstrated that the
ability of adsorption of virus 13’ involye \ Table 10, HEp-2 and PHA-
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but the ability of Jurkat cells tgrad ‘:' S -1 Wa, } - ISV=2 (89%). Previous results
demonstrated that HSV-1 gre ttg thaxﬂ-‘l& [Ep-2 and PHA-activated Jurkat cells,
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suggesting that in those cellsfHS) ach and enter ¢ells better than HSV-2. Our
results confirm this suggestion (Fable-10) " HEp- ave all receptors that mediate HSV
cell entry i.e., 3-0-sulphated heparan:sQ r-“ =0 j‘ eA, HveB, HveC and PRR26 (15).

Especially HveC recep ,-‘ , expresse in human tissue

target of HSV infection’ a Ve J 1 and HSV-2 strains
(15,16,128). In Jurkat ce 1! even the attachment ability of HSV@ and HSV-2 in these cells
was equal, it has been showf that HSV-2 Eiflew béttér than HSV-1. This might be due to a

restriction of HSY- ucg;lmfg m wﬁ mﬂ e:dl)ﬂ ﬁnd entry into these

cells. However, it has been shown thatgafter activationswith PHA, increasing of HSV-1
o LV AR H A
decreased. Thls suggests that PHA may have some roles that involve in HSV entry to Jurkat
cells. Montgomery RI et al., reported that PHA activated peripheral T lymphocytes express
HveA (15,17,19). HveA is one of HSV receptors. Although it is not the general receptors for
HSV, it has been reported that HveA enhanced entry of the wild-type HSV-1 (such as strain
KOS, F, 804 and MP) and HSV-2 (strain 333) and mediated HSV entry into activated T cells
(17). This finding supported our results why the ability HSV-1 KOS adsorbed to Jurkat cell

was increased after stimulated with PHA and increasing of viral replication was found (Table



75

6, 10) but not for HSV-2 Baylor 186. These results suggest that the increasing of HveA
receptor might be a mechanism that supports HSV-1 viral growth in PHA-activated T

lymphocytes.

The increase of HveA mRNA expression was demonstrated by RT-PCR. In
addition, total RNA was prepared from non activated and PHA-activated Jurkat cells by using

the RNeasy kit and the SuperScript ™ First-Strand Synthesis System for RT-PCR was used

for reverse transcription. PCR amplification of €DINAs was done with specific primers for
HveA. The results in Fig
demonstrated by the equivaleat.of B-actin tivated Jurkat cells expressed
HveA mRNA more than ( : demonstrated that the HveA
mRNA could be detecte | - vated Jurkat cells whereas it
can not observed in no i ellss A | e expression of HveA mRNA at
25 ng and 50 ng of e » s can be detected but the
as clearly demonstrated that the
expression of HveA mRNA | ' was’ duced by PHA activation and it is possible
that the increasing of HveA re iS-2me pport HSV-1 growth in activated T
lymphocytes. L=

‘-:,E a was found. Instead of

1A asm.me as occurred in HSV-1

(KOS) and HSV-2 (333), r found that the V-2 Baylor 186 adsorption ability was

decreased from Wwﬂ(f}%)ﬂ m weH ’q ﬂﬁ}mductwn of HSV-2

and the number oﬂ)osmve cells in PHA-a °}:tlvated i urkat cells was decreased (Table 6 and 9).
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happenedjand PHA activation affected the ability of to adsorb to cells. PHA is a

mitogen which is well known to affect the cell function such as CD25, CD69, CD71 and

However, in th

increasing the HSV-2 agrptio

HLA-DR expression (186). The cells change not only in increasing HveA expression but
also probably other factors involving the entry of HSV-2 Baylor 186. Unfortunately, our

study could not clarify those factors.
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In conclusion, present studies demonstrated that HSV-1 and HSV-2 could replicate
in T lymphocytes. The replication in T lymphocytes was different from that in epithelial cells
suggesting delayed replication occurred. Not only cell types but also HSV types played
important role in differences of viral growth. Activation of T lymphocytes by PHA mitogen
increased HveA receptor for HSV attachment. Thus, the yield of viral production especially
HSV-1 strain KOS was increased in PHA-activated Jurkat cells which was opposite to

previous observation of HSV-2 strain 333 (17). HSV-2 strain Baylor 186 grew poorly in

In general, developmentsof-HSV lesfons inimmunecompetent hosts occur locally,
rarely to cause system blo dstream !n contrast to infection in

immunocompromised hos y found. HSV infection is an

important opportunistic reactivation (187,188). In
HIV-infected patients, be enhanced and cause
generalized infection. Ho c sftain {0 scular meehanisms of HSV infection and how

HSYV reactivation, especially i e induced are still unknown.
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