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Abstract—The feasibility of using adenovirus 5 as an in vitro probe for chemosensitivity in
short-term cultures of human tumors was evaluated using human melanoma cell lines and primary
cultures of melanoma biopsies. A convenient immunoperoxidase method was developed for
quantitating viral replication 2 days after infection. Two different approaches were explored: the
host cell reactivation assay (HCR) using drug-treated virus; and the viral capacily assay using
drug-treated cells. The HCR assay detected sensitivity to 5—(3—methyl-1—iriazeno)imidazole—
4-carboxamide (MTIC) in Mer™ (methyl excision repair deficient) cell lines as decreased ability
of the cells to replicate MTIC-treated virus. This test should be applicable to DNA-damaging
agents and repair-deficient tumors. Adenovirus replicated readily in nonproliferating primary
cultures of melanoma biopsies; application of the HCR assays to this material identified one Mer™
sample of 11 tested. Herpes viruses were not suitable for use in HCR because herpes simplex virus
type 1 failed to distinguish Mer™ from Mer* melanoma cells; and nonproductive infection of
MTIC-sensitive lymphoid cells with Epstein-Barr virus yielded an MTIC-resistant cell line. The
second assay (viral capacity) involved determination of the inhibition of replication of untreated
virus in treated cells. This approach correctly predicted sensitivity to hydroxyurea and deoxyadeno-
sine in melanoma cell lines when compared with clonogenic survival assay. Viral capacity was also
inhibited by cytosine arabinoside, fluorouracil, vincristine, adriamycin, 6-mercaptopurine and
ionising radiation, and may therefore be useful for detecting sensitivity to a wide range of antitumor

agents.

INTRODUCTION
IN RECENT years there has been an increasing
interest in the use of in vitro assays utilising human
tumor cells for the screening of anticancer drugs
and for prediction of clinical response on an indi-
vidual basis. Such tests include clonogenic survival
assays of tumor cells treated and subsequently
cultured in vitro {1-8] or in vive [8-10] and assays
based upon inhibition of DNA synthesis in short
term cultures [7, 11, 12]. These approaches suffer
from the disadvantages of the low plating efhiciency
of human tumor cells, the inability of primary
cultures to continue DNA replication cven for a
brief period, and the varicty of biochemically-
undefined resistance mechanisms available to a
particular agent. In addition, it has been difficult
to identify the responsc of tumor as distinct from
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normal cells present in the culture, and to correctly
predict chemosensitivity as distinct from the less
uscful parameter of resistance.

We propose a new approach using adenovirus 5
as a probe for chemosensitivity. Adenovirus has a
double-stranded DNA genome of 2.3 X 107 daltons
which is closely associated with host cell chromo-
somes during lytic infection [13] and relies heavily
on cellular enzymes for replication [14-16]. The
virus replicates in cells from most human tissucs
and can be quantitated on an individual cell basis 2
days after infection by immunofluorescent detec-
tion of viral antigen [17]. Of critical importance for
the present purpose, the virus replicates readily in
proliferating and nonproliferating cells [14-16]. It
thercfore seemed reasonable to apply to che-
motherapeutic agents and primary cultures of
tumor biopsics two different types of virus assay
used previously to compare the toxicity of carci-
nogens in continuous cell lines: the host cell reac-
tivation (HCR) and viral capacity assays.

HCR compares the ability of host cells, not
treated with the agent, to repair and hence repli-
cate drug-damaged viral DNA. The dose-survival
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response for viral replication closely parallels the
differences in cell survival found for cell lines
sensitive to u.v. [ 18], ionizing radiation [17], carci-
nogenic methylating agents [19, 20] and MTIC,
the active mectabolite of the antitumor methylating
agent DTIC [21]. Human tumour ccll lines of the
Mer™ phenotype (methyl excision repair deficient)
are highly sensitive to methylating agents with
respect to cell survival and HCR [19-21]. For
DNA-damaging agents, the HCR approach could
therefore be expected to correctly predict tumor
sensitivity resulting from a deficiency in DNA
repair.

Viral capacity is a term used by Coohill et al.
[22] to describe the ability of u.v.-treated cell lines
to replicate untreated herpes simplex virus. The
differences in viral capacity found comparing u.v.-
sensitive and normal cells were similar to the
differences in clonogenic cell survival. Since inhibi-
tion of DNA synthesis is a major effect of most
chemotherapeutic agents, and drugs such as hyd-
roxyurea, cytosine arabinoside and fluorouracil
inhibit adenovirus replication [14-16], this assay is
potentially much broader in scope than HCR
because with adenovirus it forces a test, irrespec-
tive of the proliferative state of the cells and the
cytotoxic mechanism, of the ability of treated cells
to replicate DNA. A third and quite limited

approach not addressed by this study involves’

combination of both assays to detect enhancement
of HCR (induction of DNA repair) in cells pretre-
ated with the agent. Studied extensively in bacter-
ia, the relevance of this effect to repair of genotoxic
damage in mammalian cells is not yet clear [23].

Using a rapid immunoperoxidase technique for
quantitating adenovirus replication, we have ex-
plored the use of the HCR and viral capacity
assays in human tumor cells using 10 agents
chosen from the major classes of antitumor drugs.
Herpes simplex virus type 1 (HSV-1) has been
used to study HCR after u.v. irradiation [24] but
requires cells to be proliferating. The virus was
included in the present study because of the possi-
bility of replicating in a small proportion of cells in
a tumor biopsy. The aim of this work was to
determine whether a viral probe could distinguish
sensitive from resistant ccll lines as clearly as
clonogenic survival assays, and to determine
whether adenovirus could replicate in primary
cultures of human melanoma cells; correlation of
the in vitro tests with clinical response has not yet
been determined.

MATERIALS AND METHODS
Cell culture

The origins of the human mclanoma MM96,
MM253cla and MM253-3D cell lines have been

described [21, 25, 26]; the MM96L linc is a late
passage sublinc of MM96. The Burkitt lymphoma
BJAB and Epstein-Barr virus (EBV)-infected
B95-8/BJAB cell lines [27] were provided by Dr.
D. J. Moss of this institute. Biopsies of histological-
ly-confirmed malignant meclanoma (lymph node
metastases) were received from the Princess Alex-
andra Hospital. The samples were minced and
cultured in Roswell Park Memorial Institute Tis-
sue Culture Medium 1640 (Commonwealth Scrum
Laboratories, Melbourne, Australia) containing
10% inactivated fetal calf serum, 100 units/ml
penicillin, 100 pg/ml streptomycin and 3 mM
4-(2-hydroxycthyl)-1-piperazineethanesulfonic
acid. After 1 or 2 days adherent cells were detached
(0.2 mg/ml trypsin in PBS) and resceded for
infection with adenovirus (see below). Some cul-
tures were maintained separately for the purpose of
establishing a continuous cell line; overgrowth by
fibroblasts was prevented by the addition of
cholera toxin (2 nM) or by culture in calcium-
depleted medium [25]. All cell lines were periodi-
cally assayed for mycoplasma [21].

Drug treatments for cell survival assays were
carried out using duplicate cultures, seeded in
Linbro plates (5 X 10® cells per 16-mm diamecter
well) 24 hr previously. After 6-8 days cells were
labelled with [*H/methyl}-thymidine (2 pCi/ml,
40 Ci/mmol; Radiochemical Centre, Amersham,
Bucks, U.K.) for 3 hr and harvested (trypsin) onto
glass fibre discs prior to liquid scintillation count-
ing. Survival curves for each drug were obtained
using five dose levels, the highest dose usually
giving approx. 1% survival. For lymphoid cell
lincs, the plates were incubated at an angle of 30°
to enhance cell growth, and detachment with tryp-
sin was not required for harvesting.

Because some of the dose-response curves exhi-
bited a shoulder, cell and virus survivals were
compared on the basis of Dy (dose required to
reduce survival by 0.37 on the lincar part of the
survival curve) and Dj; (dose required to reduce
survival to 1/e, or 37%). The D;; value was
therefore influenced by the shoulder as well as by
the slope of the survival curve and was cqual to the
Dy in the absence of a shoulder. Values could not
be established for the HCR assay in the most
resistant cells because of the solubility limit of
MTIC in aqueous solution.

Replication of adenovirus

A stock of partially-purified virus was prepared
by infecting 10% HeLa cells with 5 X 10° infectious
doses (ID) of virus in 50 ml medium. The cells
were harvested after 3 days, frozen and thawed five
times in 20 ml medium and extracted with Arklone
(2 X 10 ml) at 4°C. The aqueous supernatant (7 X
10% ID/ml) was stored at —70°C. Virus replication
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was determined using a modification of the im-
munofluorescent method of Rainbow and Howes
[17]. Infected cultures (5 X 10% cells per well in
microtitre plates) were washed with phosphate-
buffered saline, fixed with methanol for 1 min and
incubated for 30 min at 37°C with a 1/30 dilution of
adenovirus 5 neutralising rabbit antiserum (Micro-
biological Associates, Walkersville, MD) or a 1/15
dilution of human plasma in phosphate-buffered
saline (20 pl). After washing with buffer (3 X 0.2
ml), the cultures were incubated for 30 min at 37°C
with a 1/100 dilution of peroxidase-conjugated
protein A (Kirkegaard and Perry Laboratorics,
Gaithersburg, MD) in phosphate-buffered saline
(20 wl), and washed with 0.02 M Tris buffer, pH
7.4 (3 X 0.2 ml). Cells containing replicating virus
were identified microscopically by brown nuclear
staining developed after 5 min treatment at
ambicnt temperature with a mixture of O-
dianisidine (I mM) and hydrogen peroxide (2.4
mM} in Tris buffer. After washing with water to
terminate the reaction, the plates could be stored at
ambient temperature for months without loss of
staining. The background was typically <3 stained
cells per well. Wells containing >400 stained cells
were not scored. The two successive dilutions at
the end point were scored giving a total of four
replicates. One 1D was defined as the minimum
amount (maximum dilution) of virus required to
produce onc infected cell under the above condi-
tions.

HCR assay

Adenovirus (53X 10° ID/ml) was treated with
MTIC in medium for 90 min and stored at —70°C
in 150-pl aliquots. Cells sceded 24 hr previously
(5-10 x 10’ per well in microtitre plates) were
mfected with duplicate 10-fold dilutions of virus in
medium (0.1 ml) for 2 hr. The medium was then
replaced and viral replication determined after 48
hr as described above. In one experiment, HCR
was determined by plaque formation in cell mono-
layers cultured under agar as previously described

[21].

Viral capacity

Cells seeded as tor the HCR assay were infected
with dilutions of untreated adenovirus for 1 hr. The
medium was then replaced and, unless otherwise
stated, appropriate doses of drugs were added.
After 48 hr, viral replication was quantitated as
described above.

Replication of HSV-1

A pool of HSV-1 (2 x 10° ID/ml) was obtainced
as supernatant medium from 5 X 107 MM253cla
cells infected 2 days previously with plaque-
purified HSV-1. For quantitation of viral replica-

tion, six replicates of cells sceded 24 hr previously
(5 % 10° cells per well in microtitre plates) were
infected with 10-fold dilutions of virus in medium
(0.1 ml) for 2 hr and the medium was then
replaced. After 5 days the wells were scored under
the microscope for viral replication (lysis of the cell
monolayer) and the ID calculated as the virus
dilution required to lyse 50% of wells [28]. For the
HCR assay, HSV-1 was treated with MTIC and

viral replication determined as described above,

RESULTS
Immunoperoxidase assay for replication of adenovirus

The immunoperoxidase method developed for
this work was more convenient than fluorescence
detection of viral antigens because a large number
of tests could be carried out rapidly in microtitre
plates giving permancntly-stained cultures which
could be readily scored using a low power light
microscope. In addition, the plates could be stored
at 4°C for scveral wecks at the intermediate stages
before staining.

Although an infection period ot 48 hr was used
routinely, use of periods ranging from 36 to 72 hr
gave qualitatively similar results. Plasma from
humans with a high adenovirus antibody titre gave
the same results as strain-specific ncutralising rab-
bit serum. Uninfected melanoma cells and fibrob-
lasts were always negative, irrespective of the
source of antibody. Varying the initial cell density
(3000-20000 cells/well) did not affect the dose
response curves obtained.

Virus-infected tumor cells (Hel.a, melanoma)
were stained over the whole of the cell, which in
some cascs became rounded with condensation of
the cytoplasm. Fibroblasts, on the other hand,
retained their spindle shape and staining was
clearly limited to the nucleus. This enabled mela-
noma cells to be distinguished from fibroblasts, the
latter being a minor contaminant (< 10% of cclls)
in 2-3-day-old primary cultures of melanoma biop-
sics and other tumors. A scparate experiment
showed that macrophages did not interfere with
the test. Macrophages infected with virus did not
remain attached in the microtitre wells during the
fixing and washing procedures.

The possibility that expression of viral antigen in
cells 2 days after infection represented comple-
mentation or abortive infection and not replication
of infectious virus was cxcluded by a number of
independent observations. First, the muluphcity of
infection (number of ID per cell) in virus dilutions
used for assay calculations was less than 1, thus
excluding the possibility of complementation by
defective virions. Sccondly, no viral antigen could
be detected immediately after infection, suggesting
that a considerable degree of virus replication is
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required before antigen becomes detectable. Third-
ly, similar results were obtained when the plaque
assay was used to compare the replication of
MTIC-treated virus in sensitive and resistant cell
lines (see Fig. 1B below). Finally, an independent
though somewhat more qualitative estimate of
viral replication was available in the present assay
from the degree of cell lysis and dctachment
observed at virus concentrations 10-100 times
higher than the immunologically-determined en-
dpoint. In both the HCR and viral capacity assays
this visual endpoint always changed to the same
extent as that determined quantitatively by
staining.

Detection of MTIC sensitivity in cell lines by adenovirus
HCR

An autologous pair of Mer™ and Mer™ cell lines
was used to evaluate the present approach. As
found previously [21, 26] with the Mer™ line
MM253cla was highly sensitive to MTIC com-
pared with the Mer* derivative MM253-3D in a
cell survival assay (Fig. 1A) and in an HCR assay
where viral replication was determined by plaque
formation after culture of a cell monolayer under
agar for 14 days (Fig. 1B). A similar difference in
HCR between the two cell lines was found when
immunoperoxidase staining was used to guantitate

viral replication 2 days after infection (Fig. 1B)..

The same differential HCR response was found
comparing three other Mer™ human tumor cell
lines (MM384, MM138 and HecLa-S;) with six
allogeneic Mer*™ melanoma lines and three Mer™
fibroblast strains (results not shown).

The Mer™ phenotype and herpesviruses

HSV-1 replicated well in MM253cla and
MM253-3D cells. Treatment of virus with MTIC
concentrations 5~10-fold less than those used for
adenovirus inhibited replication but no difference
in virus survival was found between the two cell
lines (Fig. 2A).

The effect of EBV on MITC sensitivity in stably-
infected cells was determined using an autologous
pair of Burkitt lymphoma cell lines. The uninfected
line BJAB was shown to be highly scnsitive to
MTIC (D 21 pM) compared with a large number
of other lymphoid cell lines tested in this laboratory
(Dg 100-200 pM) and was therefore designated
Mer™. The EBV-infected derivative B95-8/BJAB
was found to be highly resistant to MTIC (D, 190
nM; Fig. 2B).

HCR of MTIC-treated adenovirus in primary cullures of
melanoma bicpsies

Of 22 biopsices received, five yiclded insufficient
adherent cells for analysis (< 10°), one contained
heavily melanised cells which gave a high back-
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Fig. 1. Comparison of cell survival and adenovirus HCR in sensitive
(Mer™) MM253cla and resistant (Mert) MM253-3D cell lines. A,
survival of MTIC-treated cells. A, MM253cla; @, MM253-3D, B,
Replication of MTIC-treated adenovirus in cell lines. Plague assay: W,
MM253cla; A, MM253-3D. Immunoperoxidase assay: 4,
MM253cla; @, MM253-3D. Points are means of duplicates.
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Fig. 2. Interaction of herpesviruses with the Mer™ phenotype. A, HS1-1
replication in Mer™ and Mer* cells treated with MTIC. O MM253cla;
©®, MM253-3D. Infectivity in control cells was 1-2 X 107 ID/ml. B,
Cell survival in autologous lymphoid cell lines with and without the EBV
genome. O BJAB(EBV-negative); @ B95-8/BJAB (EBV-positive).

Points are means of duplicates.

ground in the peroxidase staining assay and two
gave insufficient viral replication to be quantitated.
Cultures were > 95% meclanoma cells based on
morphology and whole-cell peroxidase staining
characteristic of tumor cells. The replication of
control and MTIC-trcated virus in the remaining
14 biopsics is described in Table 1 and compared
with Mer™ and Mer™ cell lines. Biopsies were
designated Mer* if the D, for HCR was = 10 mM
and Mer™ if the Dy was < 8 mM MTIC.

The results showed that untreated cells were
able to replicate adenovirus as cffectively and
usually better than permanent cell lines such as
MM253cla. Only one biopsy (MM446) had a D,
in the HCR assay as low as the Mer™ cell lines. In
some casces permancnt cell lines were established
from these biopsics and it was therefore possible to
comparc the biopsy HCR with the HCR and

clonogenic cell survival of the derived cell lincs.
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Table 1. Replication of adenovirus in melanoma cells and HCR of
MTIC-treated virus

Replication of
MTIC-treated

virus

Sample Control virus titre  Dy(mM) D,;(mM)
(ID/ml)
Primary cultures
of melanoma
biapsies
MM423 8.6 x 10% 19 22
MM426 3.5 x 10% 12 19
MM432 3 x 10° NA* >38
MM434 1 x 107 16 22
MM435t 1.3 x 108 NA >38
MM440 2.2 x 107 13 13
MM444 5 % 10° 12 12
MM446 2.3 x 10° 7 7
MM447 2.8 x 10° 21 21
MM448 3.7 x 10° NA >38
MM451 4.3 x 10° 22 33
MM452 1.8 x 10° 15 15
MM454 2.6 X 10° 13 32
Mer™ cell lines
MM253cla 6.6 X 10° 6.6 25 8.7 46
HeLa-S; 6.4 x 10" 6.4 6.4
Mer* cell lines
MMO96L 9 x 107 1325 32+34
MM253-3D 4.8 x 10° 24 39
MM418 3.7 X 10° 40 59

*Not applicable; virus replication not decreased sufficiently to
determine D,

tSame patient as MM426, biopsied 6 months later.

+Mean and S.1D. for threc experiments.

The four biopsics studied in this way (Table 2)
showed Mer™ values in cach assay.

Detection of sensitivity to antimetabolites by viral capacity

The MMO96L and MM253cla cell lines were
highly sensitive to killing by dcoxyadcenosine and
hydroxyurea respectively (Figs. 3A and 3B). Viral

EJC 22/8-C

capacity was determined from the dosc response of
viral replication (virus survival) in drug-treated
cultures. The results (Figs. 3C and 3D) paralleled
those of cell survival in that viral replication was
strongly inhibited in the drug-sensitive cell lines.

Quantitative comparisons made using D, and
Ds; values for cell and virus survival (Table 3)
showed that both assays gave a similar differenual
between sensitive and resistant cells for deoxyade-
nosine and hydroxyurea. Approximately twice as
much deoxyadenosine was required to inhibit viral
capacity compared with cell survival, and 10-fold
more hydroxyurea.

Effect of various agents on viral capacity

The ability of 10 agents to affect viral capacity
was compared in the MMO6L cell line (Table 4).
Two agents which are considered to exert toxicity
primarily by damaging DNA and which have little
immediate effect on DNA synthesis (MTIC and
melphalan) had no effect on viral capacity cven at
doses supratoxic to cells and when viral infection
was delayed for 24 hr to allow the agents to have
maximum effect. MTIC inhibited the viral capac-
ity of MM253cla cells at the highest doses but this
was probably a secondary effect due to loss of cells
from the cultures. Antimetabolites (dcoxyadeno-
sine, 5-fluorouracil, cytosine arabinoside) on the
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Fig. 3. Comparison of the cell survival and adenovirus capacily assays for
detecting sensitivity to deoxyadenosine and hydroxvurea. A, Cell survival of
MMO6L (@) and MM253cla (A) cells treated with deoxvadenosine.
B, Survival of MMO6L (@) and MM253cla (A) cells treated with
hydroxyurea. C. Viral capacity of MM96L (@) and MM253cla (A)
cells treated with deoxyadenosine. D, Viral capacity of MMOI6L () and
MM253cla cells (A) treated with hydroxyurea. Points are means of
duplicates.
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Table 2. HCR of MTIC-treated adenovirus in melanoma biopsies compared with HCR and cell survival in the derived cell
lines
HCR in bhiopsy Derived cell line
Biopsy No. Virus titre  Dy(mM) D,;(mM) Passage HCR Cell survival
(ID/ml) No.
Virus titre D, D, Dy D,
(mM) (mM) (nM) (pM)
MM418 1.7 x 107 NA* >38 40 1.34 x 107 NA >38 192 280
MM426 3.5 x 10® 12 19 12 1.43%x10"  9£26% 20x4.4 60 140
MM435 1.3 x 108 NA >38 10 1.77 X 10* NA >38 320 320
MM444 5 x10° 12 <12 5 4.9 % 10° NA 29 80 86
Mer™ cell line
MM253cla 100 6.6 X10° 6.6+£25:87+46 264 48+ 6

*Not applicable; survival not decreased sufficiently to determine D,

tMean and S.D. for two experiments.
+Mean and S.D. for three experiments.

Table 3. Comparison of the cell survival and viral capacity assays for detection of drug

sensitivity

Cell line Deoxyadenosine Hydroxyurea

Dy (mM) Dy7 (mM) Dy (mM) Dy; (mM)
Cell survival
MM9I6L 0.08 = 0.01* 0.09 + 0.02 0.31 £ 0.07 0.73 £ 0.08
MM253cla 0.65 = 0.03 0.98 £ 0.03 0.07 £ 0.02 0.16 £ 0.06
Ratiot 0.12 0.09 4.42 12
Viral capacity )
MMOI6L 0.22 £ 0.02 0.22 = 0.02 2.5 3.81 £ 1.94
MM253cla 1.51 £ 0.31 1.94 + 0.54 0.65 = 0.15 08 0.2
Ratio 0.15 0.12 3.85 5

*Mean and S.D. (two to four experiments)

tRatio = MMI6L/MM253cla

other hand, inhibited viral capacity generally at a
concentration similar to that required to inhibit
cell proliferation. This was also the case for gamma
radiation, adriamycin and vincristine. As with
hydroxyurea, a 10-fold higher level of 6-
thioguanine was required to inhibit viral capacity
comparecd with cell survival.

DISCUSSION

This new approach to predicting chemosensitivity

in human tumors relied upon a combination of four -

factors: the ability of adenovirus to replicate in
nonproliferating cells, detection of sensitivity to
DNA-damaging agents by HCR, the possibility of

detecting sensitivity to other agents by inhibition of
viral capacity, and development of a convenient
assay for viral replication. The fact that adenovirus
replicates readily in nonproliferating cells, already
known from previous studics [14-16], was amply
confirmed in this work using melanoma biopsics,
few of which produced continuous cell lines. The
problem occasionally ecxpericnced of melanin
obscuring the brown staining of the peroxidase
reaction could be overcome if required by using
fluorescent labelling [17] or alternative peroxidase
substrates. Such procedurcs may also be uscful if
identification of tumor cells by staining with
monoclonal antibody is carried out. The technical
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Table 4. Comparison of the effect of antitumor agents on survival
and viral capacity in MMO6L cells

Cell survival  Viral capacity

Agent (pM) D, Dy Dy Dy,
Deoxyadenosine 60 180 220 220
Hydroxyurea 310 730 2500 3800
5-Fluorouracil 38 38 23 23
Cytosine arabinoside 0.42 0.42 0.51 0.51
Adriamycin 2.6 33 0.5 1.47
6-Thioguanine 2.2 11 22 55
Vincristine 0.006 0012 0.005 0.015
MTIC* 160 490 > 1000 > 1000
Melphaian* 1.9 1.9 >33 >33
Gamma radiation

(rads)* 140 480 500 550

*Cells treated 24 hr before virus infection. Other agents added
immediately after infection.

advantages of the assay are that no specialised
equipment, culture media or techniques are re-
quired, few cells are needed (10° per drug), results
are obtained within 3 days, and a virus of
negligible pathogenicity is used.

Consistent with previous studies of MTIC [21]
and carcinogenic methylating agents [19], the
modified HCR assay clearly distinguished Mer™
from Mer™ cell lines. The present study also
showed agreement in HCR assays between four
Mer™ biopsies and their derived cell lines. It was of
interest that one biopsy (MM446) gave a Mer™
HCR response, suggesting that the Mer™ phenoty-
pe occurs in vive. This is consistent with reports
that 20% of human tumor biopsies had decrcased
levels of methyltransferase [29], and that only 20%
of human tumor cell lines are Mer™ [19, 20]. In
this laboratory, three of 20 human melanoma cell
lines have the Mer™ phenotype (unpublished re-
sults). It should be noted in this context that HCR
is a more general test for deficiency in methylation
repair than lack of methyl transferase activity;
however, the HCR assay would not detect the rare
Mer*Rem™ phenotype which shows intermediate
sensitivity to methylating agents [20]. A much
larger number of patients will be required in order
to determine the frequency of Mer™ tumours in vivo
and to adequately compare the tumour response to
DTIC therapy. The applicability of the HCR assay
to other DNA damaging drugs will depend on
whether sensitivity arises from defective repair.
The first step in crosslinking DNA by bis(chlor-
octhyl)nitrosourea involves 0°-guanine alkylation
which is repaired poorly in Mer™ cells [30] and
therefore should decrecase the HCR response. It is
also likely that sensitivity of human cells to other

DNA crosslinking agents such as melphalan [31]
and cis-platinum [32] may under certain conditions
be associated with deficient repair.

HSV-1 was tested as a possible alternative to
adenovirus for HCR assays. The similar virus
inactivation response to MTIC obtained in Mer™
and Mer™ cell lines, however, indicated that this
virus, having a genome size five times that of
adenovirus, was able to effect repair in Mer™ cells
cither by induction of a cellular repair mechanism
or by providing a virally-coded repair system such
as a methyl transferase. This was also consistent
with the conversion on the basis of cell survival of
Mer™ to Mer* phenotype found after infection of
lymphoid cells with the herpes virus EBV. Ex-
pression of the EBV genome, however, does not
invariably ensure resistance to methylation be-
cause some EBV-transformed lymphoblastoid lines
have the Mer™ phenotype [33].

The viral capacity assay using adenovirus cor--
rectly predicted sensitivity to two drugs (hydroxy-
urea and deoxyadenosine) for which pairs of sensi-
tive and resistant cell lines were available. Viral
capacity was inhibited by six other agents includ-
ing three antimetabolites (5-fluorouracil, cytosine
arabinoside and 6-thioguanine) Since viral capac-
ity depends largely on the ability of the treated cell
to replicate DNA, this approach should therefore
detect sensitivity resulting from alterations in such
diversc properties as transport, enzyme affinity and
gene amplification. It also overcomes the problem
of DNA synthesis measurement in nonclonogenic
assays being affected by changing pool sizes when
using *H-thymidine.

The finding that moderately cytotoxic doses of
vincristine and adriamycin inhibit viral capacity
may help clarify the mechanism of toxicity of these
agents to human cells. Vincristine, for cxample,
would appcear to cxert its lethal cffects on cells
before mitosis [34] but its site of action apart from
the mitotic spindle is not known. The viral capacity
of adriamycin-treated cclls was inhibited even
more than cell survival at the same dosc. Further
comparisons of virus and cell survival after
adriamycin trcatment may help to determine
whether the primary site of drug toxicity is
cpigenetic, for example at the cell membrane as
proposed by Tritton and Yee [35] or at the level of
DNA damage.

Known DNA-damaging agents (MTIC and
mclphalan) had little effect on viral capacity, pre-
sumably because DNA synthesis is inhibited even-
tually as a result of template damage rather than
cnzyme damage. The large HSV-1 genome may
prove to be more scnsitive to these agents than that
of adenovirus in the viral capacity assay. Using
antimetabolites such as hydroxyurca, howecver,
HSV-~1 replication was not reduced in sensitive
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cells [36]. The ability of ionising radiation to affect
viral capacity was unexpected in view of the ex-
tended period of DNA synthesis which occurs in
the MM96 line following *H-thymidine suicide
[37]. It should be noted that since viral DNA
synthesis is maximal 8-16 hr after infection [15],
the optimal period between virus infection and
drug treatment may need to be determined for cach
agent. This may account for high doses of 6-
thioguanine, a slowly-acting agent [38, 39], being
required to inhibit viral capacity compared with
cell survival.

P. G. Parsons et al.

The present study demonstrated the feasibility of
using adenovirus as a probe for in vitro sensitivity of
melanomas to a wide variety of agents. The broad
host range of adenovirus and ability to replicate in
non-proliferating cells, not only melanomas but
other tumors (unpublished results), many enable
these methods to be applied generally to human
neoplasms. Viral probes may also help elucidate the
mechanism of action of certain antitumor agents. In
this respect, HCR of adenovirus has already proven
useful in studies of the allogeneic [19, 20] and
autologous Mer™ phenotype [21] in cell lines.
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