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Summary. ~- Both trigeminal ganglia, brain stem, and cornea
from ml)hltﬂ with established latent herpes simplex virus type 1
(HSV-1) infection were examined by explantation and by spot
blot hybridization using strain 17 Kpr 1 fragments i, d, and &
and the DNA extracted from abovementioned tissues. Corre-
lation between positive hybridization and reactivation of infec-
tious virus in the cultured explants was documented by enhanced
hybridization with the DNA extracts from explanted ganglion
samples. In addition, we found positive hybridization in some
noncultured ganglion and brain stem samples which did not yield
infectious virus by explantation. Keeping in mind the pitfalls of
false positive hybridization, the results may indicate during la-
tency the presence in neural tissues of HSV DNA sequences
which did not spontancously reactivate in culture.
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Introduction

Latency established in the mouse and rabbit trigeminal ganglia after per-
ipheral administration of HSV-1 is a nml]nm]mh\o miv(tmn since the
ganglion is not infectious at the time of its removal but vields virus in cul-
ture (Baringer, 1975; Stevens, 1975; Klein, 1976). The silent HSV genome
sannot be eradicated from the ganglion by treating the animals with drugs
such as acyclovir (Iield et al., 1979), plmsplmmmu11(' acid or ph()spllmm-
formate (Svennerholm et al., 1981). Application of hybridization techniques
in the investigation of the HSV latency has brought fruitful results. The
latent HSV DNA wag first demonstrated by reassociation kineties hybrid-
ization using 25 LJabelled HSV DNA at a level of 0.11 4 0.03 genome
equivalents per cell (Puga ef al., 1978). Later on, using in sita hybridization
it was shown that RNase treatment of sections reduced the extent and
frequency of hybridization probably due to o limited transeription of mRNAs
from the persisting genome (Tenser ef al., 1982; Galloway et al., 1982). Re-
cently the concopt of limited transeription during HSV latency has been
investigated in detail by combination of ¢n sitw hybridization and Northern
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blot analysis (Rock et al., 1987) and the latency-related transcripts were
recognized. Although translated from the repetitive region flanking the
L segment the latency associated mRNAs overlap only a part of the ICPO
gene and are antisense to the ICP0 mRNA (Stevens ef al., 1987; Spivack
and Fraser, 1987): they represent a new subset of transcripts, termed latency-
related. This confirms our previous finding (Rajéani and Matis, 1981) that
the ICPO (110 kD) polypeptide cannot be detected by anticomplement
fluorescence in the sections of rabbit ganglia during HSV latency. Southern
blot analysis of the latent HSV DNA from mouse ganglia has shown that
the BamHI fragments P and S corresponding to the free ends of the genome
(Rock and Fraser, 1985; Efstathion ef al., 1986) were missing, thus the
latent HSV DNA is probably present in a circularized form. To demonstrate
the presence of the HSV DNA in the ganglia and brain of mice in exper-
imental latency (Fraser et al., 1986) spot blot hybridization can be also used.
Here we describe our experience with this s1mp1e technique of HSV-1 DNA
detection when latent in the trigeminal ganglia, brain stem, and cornea of
rabbits in comparison to the explantation results.

Materials and Methods

Virus and animals. Albino rabbits weighing 3000 g were coming from the breed Velaz. The
animals housed under standard conditions were inoculated into the right scarified cornea with
1-- 23 108 PFU of the strains Kupka or KOS, respectively (Rajéani, et al., 1977). After 3 months
(or later) post-infeetion (p.i.), both trigeminal nerves and ganglia, the brain stem at both sides
near to the entrance of the trigeminal root, and cornea were removed and immersed into phos-
phate huffer saline containing 3%, foetal ealf serum (FCS). The tissue \amplos were divided
into two parts: one part was cultured, while the other one was frozen (at — 70 °C) and used for
preparing a DNA extract.

Explantation technique. A part of cornea, the half of cach gang]mn and brain stem specimens
were minced and cultured in plastic Petri dishes as deseribed (Rajéani ef al., 1975). 'The medium
(C\[RL 1415 supplemented with 109, FCS and antibioties) was O\PI}ungod on days 3, 7, and
10 in culture. By days 7 or 10 in culture, the fragments from the same sample were pooled and
used for DNA extraction. In some cases the pooled fragments were homogenized and assayed
for HSV in Vero cells. All medium samples were inoculated into Vero cells.

Isolution of the DN A. DNA extracts were prepared from noncultured tissue samples removed
at acute and chronie stages p.i., from explanted fragments prepared from tissues removed atb
the chronic stage and kept for 10 days (or 7 days) in culture, from the noncultured tissues of
uninfected rabbits as well as from rabbit embryo fibroblasts (REF) either noninfected or in-
feeted with HSV-1 (strain HSZP, multiplicity 2— 5 PFU per cell) and harvested by 12 or 20 hr p.i.

Preparation of the DN A extract has been deseribed previously (Kadelové et al., 988) Briefly,
the tissue samples and their explanted fragments as well as the REF cell suspensions were
treated with the lytic buffer (0.2 mol/l TrisHCI pH 7.9 containing 0.5 mol/l EDTA and 0.5%
SDS) then with proteinase K (100 wg/ml for 2 hr at 65 °C) and further extracted with phenol-
saturated buffer (0.01 mol/l Tris-HCl buffer pH 7.5, 0.15 mol/l NaCl and 1 mmol/l EDTA).
The water phase was treated with RNase A(100 pg/ml) for 1hr at 37 °C then extracted with
chloroform-isoamylalechol (24 : 1) and finally, precipitated with the three-fold volume of
ethanol.

HSV-1 DNA was isolated from nuecleocapsids sedimented by differential centrifugation from

_HSV-l.infected quail embryo cells inoculated with the HSV-1 strain HSZP adapted to these
cells and to chick -embryo cells (Szént6, -1960). Details of nucleocapsid deproteinization and
HSV DNA purification were described elsewhere (KdadeloVé et al., 1988).

Kpnl fragments of HSV-1 DNA strain 17 were kindly p]'ovide(l by dr. V. Preston (M.R.C.

Virology Unit, Institute of Virology, Glasgow, U.K.). The fragments Kpnl 4, d, and h cloned







123

HSV DNA AND ACTIVATION OF LATENCY

(z o1qu], eos Aussw A31a13003ut ut eantsod exem sofdwrss ¢) pewrwexe sejdwes g Jo 9mo

emy[no ut O — 2 sABp ueemjoq onssy} perur[dxe oyj Jo pIny WNIPLUL 6Y3F WIOI}

STLIIA. STIOIFORJUL JO UOIB[OST — owi] ‘sjuowidely enssiy pejusidxe pejood Jo §308I1Xe oY) YNM UOWBZIPLIGAY — O ‘UOIYBZIPLIqQAY — H
‘BOUIOD

B — DY ‘weys urerq 93e] — ST ‘weds ulviq $ySu — gey ‘uorBued eurweSuy 3ge; — HIT ‘uonSued reurwediyy ySu — HIY

aty Judyy 0 AN 06 0 aN 0 0 N 0 0 aN 0 I aN o 8% SO I
I

1y qudsy

24p qudyy .

srdyy 0 0 I 0 0O & 0 0 0 3 I @ L «% 8 6Lp—L0F wqdny 41

VNQ [¥10], AN ANAN N gNaN 0 2 % 0 0 0 I 1 0 FII—60I SOM 14
1

VN0, N ANAON N ONAN 0 aN & 0 0 0 T ¥ % LLi—6gr wqdoy g
U owy o H OW[ 9 H oW o H OPwjy o H oWl of H rd wens  requInu
-aodxg oo oY sq1 sqy DI LI sdv(] snap qqqEy

synsar uonwun(dxe o) Y uosieduiod uy sjusubuay yudy s)1 woay saqoad oy Jo pue saqord YN@ ASH JO WONBZIPLGAH ‘I 9quL,






125

HSV DNA AND ACTIVATION OF LATENCY

"onss1y pojuedxe oyy woy vosuadsns = g *(AY) uonezprIqAY quonbosqns pur UO130RIING VN ([
10§ 10 (S]) UOIJR[OST SNITA SNOWDLJUL 10f I0Y}1d pasn pur pofood orom onssiy awes oy Woly sjuswsSery oy O Lep uo faanjno ur sAvp
T oqry ut se — gg-1 ‘sdy ‘OILT ‘DIA

fm@o o 0 0o (o o 0 0 T 1 0 o (¥ ¥ ¢ 0 eydny ¥

(s1)o 0 0 0 s1)o o0 0 0 100 0 0 o Pt 1 1 0 SO I

()0 0 0 0 s1)0 0 0 0 (D1 1 0 0 (s1) ¢ : z 0 eydnyy 9
S 01 L ¥ 01 L ¥ S 01 L ¥ o S %01 %L = urea)s ‘ou

sd1 Sdd DLT DLY SnUA - lqqey

HONRZIPUIGAY pur uonupesy snafa Ay sinsas vopeiuridxe oyy jo uospedwioy *z apquL












HSV DNA AND ACTIVATION OF LATENCY 129

culture. Thus, it is unlikely that all cellular DNA, if responsible for the
false positive hybridization would disappear from the explanted ganglion
or brain stem.

Several experimental data point at the existence of latent HSV which
does not spontaneously reactivate in culture. Whitby et al. (1987) described
the stimulating effect of hypomethylating drugs such as 5-azacytidine on
the reactivation rate of the latent HSV infection in the explanted mouse

ganglion samples. In our hands, using the SC16 and ANGpath strains of
HSV in DBA/2 mice, thereactivationrate of the latent virus was high when
the culture fluid contained 5 5-azacytidine, but it was extremely low in the
absence of the inducer (Rajéani et al., 1990). Brown et al. (1979) and Lewis
et al. (1984) reported that superinfection of explants with a ts mutant at
supraoptimal temperature had complemented the defective resident genome
and rescued a virus which DNA was distinguished from ts mutant’s DNA
by restriction enzymes. Thomas et al. (1985) found that in mice previously
infected with HSV-1 strain F and then superinfected with HSV-2 the ganglia
became double infected and that the superinfected HSV-2 DNA acted in
trans at rescuing the previously introduced heterotypic HSV-1 genome.
Such mechanisms might operate in human brain at inducing reactivation
of the spontaneously noninducible resident HSV DNA (Stroop, 1986). HSV
DNA was reported in the CNS of mice during latency (Cabrera et al., 1980;
Stroop ef al., 1984) as well as in the human brain extracts (Fraser et al.,
1981). In our previous study (Kudelova et al., 1988) we found positive hy-
bridization of HSV DNA in the nc. amygdalae of 3 out 11 biopsy samples
from 10 patients, but no virus had been isolated. Recently using DNA
fragments complementary to the latency associated mRNAs, positive hy-
bridization was found in the brain stem of mice and rabbits with established
latent infection (Deatly et al., 1988).

We conclude that comparing the explantation and hybridization pro-
cedures we found several combinations of positive results: 1. Positive hy-
bridization in the cultured as well as noncultured homolateral sensory gan-
glion samples associated with virus release into the medium of explants;
2. Negative hybridization with the noncultured ganglion extract followed
by positive hybridization of the cultured ganglion extract and with HSV
release from the explants; 3. Positive hybridization of the noncultured gan-
glion and brain stem extracts not followed by viral DNA replication in  the
explants and with virus reactivation; 4. Slight positive hybridization was
detected with a single corneal sample showing negative outcome of explan-
tation. The DNA presence under 3 and 4 may be accounted for false positive.
However, a careful analysis of the results based on controls and the data
of others allows to assume that the latent HSV genome may not always
reactivate during 10 days explantation of the corresponding tissue. Further
experiments are bemg performed to confirm the latter assumption.
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