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In vitro photochemical inactivation of cell-associated human T-
cell leukemia virus Type I and II in human platelet concentrates
and plasma by use of amotosalen

Valérie Jauvin, Ryan D. Alfonso, Bernard Guillemain, Kent Dupuis, and Hervé J.A. Fleury

BACKGROUND: Human T-cell leukemia virus Types |
and Il {(HTLV-l and HTLV-), blood-borne retroviruses
found worldwide, can cause leukemia, immunosuppres-
sion, and severe neurologic diseases. In most countries,
HTLV-I and -l screening is not performed systematically
for blood donations. A new photochemical freatment
(PCT) with a synthetic psoralen was developed to inacti-
vate most pathogens in platelet (PLT) concentrates or
plasma and to improve the safety of blood donations.
STUDY DESIGN AND METHODS: Cell-associated
HTLV-} or -l (10® iml) was inoculated in full-size iresh
PLT concentrates or fresh frozen plasma and treated with
150 pmol per L amotosalen (S-59) and different doses of
long-wavelength uitraviolet A (UVA} light. The residual
viral titer in the treated samples was assessed by a
cocultivation assay on indicator cells.

RESULTS: The inaciivation obtained at a 3.0 J par cm?®
UVA dose was greater than 5.2 log foci-forming units
(FFUs) per mL for HTLV-1 and 4.6 log FFUs per mL for
HTLV-IF in presence of human PLT concentrates and
greater than 4.5 log FFUs per mL for HTLV-! and 5.7 log
FFUs par mlL for HTLV-I in the presence of human
plasma. The residuat infectivity was very low and shown
as the limit of detection of the cocultivation assay.
CONCLUSION: In human plasma or PLT concentrates,
the retroviruses HTLV- and -Il were strongly sensitive 1o
the PCT with 150 pumol per L amotosalen (S-52) and a
3.0 J per cm® UVA dose. This high efficiency for photo-
inactivation of these retroviruses opens a possibility of
improving the saiety of PLTs or plasma transfusion in the
future.

he human T-cell leukemia virus Type 1 (HTIV-T}

is the first pathogenic agent belonging to the

retroviridae family discovered.! HTIV-1 provided

proof of a relationship between viruses and can-
cer and it is known to be the etiologic agent of adult T-cell
leukemia (ATL), an agpressive CD4+ T-cell malignancy™
and of HTLV-I-associated myelopathy, also known as
tropical spastic paraparesis (TSP).** TSP is a chronic and
progressive neuromyelopathy that leads to severe handi-
caps, frequently after a long latency period. No treatment
of HTIV-l-associated lymphoproliferative malignancies
has been reported 1o reduce mortality of patients with ATL
and the course is usually fatal. No specific treatment for
the myelopathy is known. HTILV-I infection is also fre-
quently encountered in other syndromes, including
ophthaimologic complications,® infectious dermatitis,’
alveolar pneumnopathies,” arthropathies,” polymyositis, '
uveitis,'! and immunodepression.'® There is evidence that
dual infection with HTLV-T and human immunodeficiency
virus (HIV) accelerates the progression of the immunode-
ficiency syndrome (AIDS).* The risk of developing an

ABBREVIATIONS: ATL = adult T-cell leukemia; CA = cell-
associated (HTLV-I); FFU(s) = foci-forming unit(s); PAS = platelet
additive solution; PCT = photochemical treatment; PMA = 12-0-
tetradecanoylphorbol-13-acetate; TSP = tropical spastic
paraparesis; UVA = uliraviolet A (320- to 400-nm Hght).
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HTLV-i-associated disease such as ATL and TSP is approx-
imately 5 percent in asymptomatic infected persons. A
closely related retrovirus, human T-cell leukemia virus
Type [f (HTLV-1I}, was isolated from a patient with hairy-
cell lenkemia in 1982, and its pathogenicity rernains
unclear despite its association with a few cases of neuro-
myelopathy and lymphoproliferative  disorders.!**"
Recently, HTLV-1I was shown to increase the risk of devel-
oping peripheral neurcpathy in patients coinfected with
HIV-1"* and seems to be a cofactor in A1DS progression.?!

HTIN-Tis found worldwide but is not ubiquitous, with
infection rates ranging from 0 to 50 percent in some clus-
ters.” Areas of HTIV-I endemicity include japan,®* west
and tropical Africa,” the Caribbean Islands® some
regiong in north and south America, ™ and Melanesia.®
HTLV-11 endemically infects some American Indian and
African populations,®* and the infection is increasing

in intravenous (IV) drug vsers in developed countries,

including the United States,™ Europe,® and Asia.™ A total
of 15 to 25 million people are estimated to be infected
by HTLV-I and/or -H. The major modes of transmission
are perinatal (mainly through breastfeeding),® parenteral
{through blood transfusions or exposure to needles and
syringes contaminated with blood),* and sexual*®

Blood transfusion is a very efficient mode of transmis-
sion of HTLV-T and -11.""* The virus is transmitted mainly
by T-lymphocytes, although infection with cell-free virus
may oceur with less efficiency. Plasma and platelet (PLT)
preparations are usually HTLV-1 and -11free, but recently,
the persistence of HTIV-1 in blood components after whit
blood cell (WBC) depletion was demonstrated.” Acquir-
ing the virus by transfusion increases the risk of develop-
ing ATL and TSE as well as of increasing the severity of
symptoms.”™* Prevention of HILV-I infection includes
systematic screening of blood transfusions,”* avoidance
of breastfeeding, protected sex, and vaccine development.
But the efficiency of these methods is limited and a vac-
cine against HTLV-I and -1I is not yet available. Moreover,
screening has not been implemented in every country in
which infections have been documented, and the sk of
transfusion-associated transmission is closely associated
with the long asymptomatic phase following the primary
infection, during which the individuals are unknowingly
contagious. Thus, blood transfusion still carries a signifi-
cant risk for HTTV-] and -1I infection in endemic areas.

To improve the safety of blood component wansfu-
sion, a new strategy of decontamination of blood products
has been developed. This new photochemical eatment
(PCT) process uses the Helinx technology (Cerus Corp.,
Concord, CA) to inactivate potential pathogens. It utilizes
a synthetic psoralen (amotosalen or 5-59} and long-wave-
length ultraviolet A (UVA) illumination. Amotosalen is a
nucleic acid-targeting reagent which, upon UVA jliumina-
tion, forms covalent adducts with nucleic acid and pre-
vents replication, rendering free or cell-associated
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pathogens noninfectious. This treatment has already been
shown to inactivate high levels of a large spectrum of
viruses (free or cell-associated and proviral DNA), bacte-
riz, protozeans, and WBCs.”™* Among retioviruses, HIV
inactivation was demontrated.¥ In contrast, PLTIs and
plasma do not require nucleic acid for therapeutic func-
tion and are not greatly affected by PCT.%7 Amotosalen is
used at a final concentration of 150 pmol per Lwith a3.0]
pet cm® UVA illumination dose for a PLT unit containing
approximately 4.0 » 10" PLTs per 300 ml or for a plasma
unit corresponding to a volume of 600 mL. To fully assess
this technelogy, systems allowing the evaluation of the
efficiency of pathogen inactivation were necessary. Astier-
Gin and colleagues® have developed an in vitro coculture
assay that allows to titrate cell-free and cell-associated
HTIV-1 and -11 viruses. We have used this system to dem-
onsirate the inactivation of HTIV-I and HTIV-I1 with
HTIV-1 or HTIV-1I chronically infected cells spiked into
PLT concentrates or plasma. The study included four sep-
arate experiments for each type of virus with different
fresh human PLT concentrate nnits or human fresh frozen
plasma (FFP) units,

MATERIALS AND METHODS

PCT of HTLV-l and -ll in fresh human
PLT concentrates

PLT concentrates. The four separate inactivation
assays of the cell-associated HTIV-1 and -J1 in presence of
PLTs were performed in different full-size donor PLT con-
centrate units. Approximately 4.0 x 10* fresh single-donor
PLIs were collected the day before each experiment
(French Blood Establishment/EFS, Bordeaux, France) on
a cell separator (Amicus, Baxter Healthcare Corp., Bel-
gium) resuspended in approximately 105 mL of autolo-
gous plasma and approximately 180 mL of PLT additive
solution (PAS 111; Baxter Healthcare Corp.) ina 1-L PL2410
container and shipped the day of the experiment. Sero-
logic tests for detection of HTIV-1 and -1I antibodies were
performed before delivery for the experiments. The PLTs
were diluted with extra autologous plasma. The PLT con-
centrate units were weighted and adjusted with 35 percent
auiclogous plasma and 65 percent PASII to obtain
285 mL as final volume.

Cell-associated HTIM-I and -1I preparation. The
2060 HTLV-I-infected lymphoid cell line, established from
a TSP patient from French Guyana,™ or C19 HTLV-II-
infected cell line, established from peripheral biood
mononuclear cells of an IV drug user from California,®
were cultured in RPMI 1640 (Cambrex Corp., East Ruther-
ford, NJ; Moore et al,, Roswell Park Memorial Institute)
supplemented with 10 percent heat-inactivated fetal calf
serumn (Cambrex Corp.), 100 U per mL penicillin, 0.1 mg
per mL streptoroycin (Sigma Chemical Co., St. Louis, MO},



and 200 U per ml interleukin-2 (Sigma Chemical Co.) for
the 2060 line. HT1V-l-infected cells (2060) or HTIV-il-
infected cells (C19) were cultured in flasks, pocled, and
counted, to obtain a final concentration of 10° cells permL
in each PLT unit. The culture was centrifuged to pellet
approximately 3.0x 10° cells. The pelleted cells were
resuspended in 31ml of 35percent plasma and
65 percent PAST11. One milliliter of this suspension was
used for the control titration of the inoculum.

PLT unit preparation. Popled HTLV-J- and -JI-
infected cells (30 mL) were added to the PLT concentrate
(285 mol), resulting in approximately a 1:10 dilution of
infected cells into PLTs (approx. 10° cells/mL final concen-
tration). MTLV-I- and -Jl-infected cells and PLTs were
thoroughly mixed up, and 30 ml. of the suspension was
removed, frorm which a 28.5-mL aliquot (10% of the test
volume) was added to an empty plastic container desig-
nated as control. The resulting large unit containing
285 mL of HTLV-PLTs suspension was designed as test.

Photochemical inactivation. Fifteen milliliters of
amotosalen (3 mmol/L i saline solution) was added to
the test unit and immediately transferred into a 1 L plastic
illumination container (Baxter Healthcare Corp.), which
ensured adequate mixing. Saline solution (1.5mL 0.9%)
was added into the control unit containing 28.5 mL of
HTIV-PLTs suspension to bring the volume to 30 mL. Aftex
mixing, a 1 mL aliquot was withdrawn from the test unit
for measurernent of the initial titer (sample test at 0]/
cm?). The test unit was then illumninated on a UV ilfurnj-
nation system (FX1019, Modified 4R4440; Baxter Health-
care Corp.) for the prescribed number of ) per cm? Four
samples were removed successively, after exposition to
0.5, 1.0, 2.0, and 3.0 ] per cm?® UVA doses, tespectively, to
meagure the titer of residval infectivity (1 ml. for 0.5-2J/
cm? and 10 mLfor 3 I/em®). Tn parallel, 1-mL aliquots were
removed from the contrel unit (samples concurrent with
the 0, 0.5, 1.0, 2.0, and 3.0 J/c? test samples).

Titration with indicator cell cocultivation assay. For
the first test sample (not treated) and the control samples,
10-fold serial dilutions were made, and two 2-ml aliquots
were plated on indicator cells for each of the four dilutions
performed. For the four inactivated samples, 5 (0.5-2.0 J/
cr?) or 45 (3.0 Jfem®) 2-ml. aliquots were plated. To avoid
toxicity to the pA18G-BHE-21 cells, the medium of plated
samples was changed in each well after 2 hours of cocul-
ture, allowing the sedimentation of the infected cells that
were not temoved during the change. The titration of the
HTLV-1 and -1l infectivity in every test and control sample
was evaluated with an in vitro system described by Astier-
Gin and coworkers® including the modification appropri-
ate for analysis of samples containing PLIs or plasma to
avoid cell clotting (15 U/ml. heparin sulfate}. The system
is based on the identification of WTIV-I- and HTLV-1I-
producing cells by cocultivation with pA18G-BIIK-21 indi-
cators cells. These cells are stably transfected with a

HTLV INACTIVATION IN PLASMA OR PLTs

ITRymy~lacZ gene construct that s transactivated by the
tax activator protein of the HTIV-! and -1 and allows the
production of B-galactosidase. pA18G-BHK-21 indicators
cells appear in blue in presence of 5-bromo-4-chloro-
3-indolyl B-p-galactopyranoside substrate (X-Gal; Sigma
Chemical Co.). The number of positive colored celis,
focus-forming units (FFUs), is directly proportional to the
number of HTIV-I- and -TI-infected cells existing in the
plated aliquots. pA18G-BHK-21 cells were seeded in 24-
well plates the day before each experiment and incubated
for 24 hours to initiate an indicator cell monolayer. The
test and control sample dilutions were plated on the
pA18G-BHK-21 monolayer and after 72 hours of coculture
with 107 mol per L 12-O-tetradecanoylphorbol-13-acetate
{PMA; Sigma Chemical Co.) to enhance HTLY production,
the B-galactosidase expression was measured. The con-
fluent adhesive indicator cells were washed with phos-
phate-buffered saline and fixed by 1 ml. of 0.2 percent
glutaraldehyde-1 percent formaldehyde mix, and X-Gal
was added to each well and incubated 4 hours at 37°C to
allow the formation of colored product inside infected
indjcator cells. The number of blue cells was counted with
a microscope (Axiovert 200, A-plan 54/0.12 objective,
Zeiss, Germany). Wells containing only pA18G-BIMK-21 in
RPMI 1640 were used as negative control to obtain a back-
ground value. The titer was determined by linear regres-
sion for each sample, and the inactivation log was
calculated (Fig. 1). The experiments were performed four
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Fig. 1. Typical linear regression for titration of HTLV-I and -1I
infectivity: With the correlation between the mean level of FFUs

. connted and the carresponding dilution, a linear regression

allowed us ta determine the HTLV-I and -II infectious tiler in
the original samples from blood component units. Dala shown
are from the first replicate of HTIV-1I inactivation in PLT con-
centrates: sample withdrawn in control unit, with four dilu-
tions (log 2 to log 5) assayed. The linear regression allowed us
10 estimate the original titer at 5.1 12 log FFUs per mL
(p=0.004).
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timnes but a fifth replicate assay was performed for HTLV-
71 (see Results) and the results were averaged.

PCT of HTLV-! and -l in fresh plasma

Plasma concentrates. Fresh single-donor plasmas
were collected (Sacramento Blood Center, Sacramento,
CA) in 600-mL plastic containers before being frozen and
delivered for experimentation. The day of experimenta-
tion, the plasma was thawed in a 37°C water bath for
1 hour and left at room temperature for 1 additional hour.

Cell-associated HTIV-1 and -1l preparation, HTLV-I-
infected cells (2060) or HTLV-1I-infected cells (C19) were
cultured in flasks, pooled, and counted, to obtain 10° cells
per mL final concentration in the plasma units. The
required volume of culture was centrifuged to pellet
approximately 1.2x10° cells. The pelleted cells were
resuspended in plasma to a final volume of approximately
32mlL. A 0.1-mL aliquot of this suspension was reserved
for titration of the iInoculum.

Plasma unit preparation. Three plasma units were
pooled in a transfer container. The total volume of the
plasma pool was determined by weight and adjusted to
1200 mL. Heparin was then added (3.6 ml; 15 U/raL final
concentration). The cell suspension (approx. 30 mL) was
added into the transfer container resulting in approxi-
mately 10% infected cells per mlL final concentration. After
thorough mixing, the suspension was split into two 585-
mlL units (Test 1 and Test 2).

Photochemical inactivation. Fifteen milliliters of
amotosalen (6 mrnol/L in saline solution) was added to
the test plasma and immediately transferred into a 1-L
plastic illumination container, which ensured adequate

mixing. After mixing, an aliquot was withdrawn for moea-’

surement of the initial titer (Test 1 and Test 2 at 0 J/cm?).
The test units were then illuminated on an JV illhamina-
tion systemn (FTC 0054, 4R4008, Baxter Healthcare Corp.)
for the prescribed number of J per cm?® Samples were
removed after a single 1.0 and cumulative 2.0] per cm?®
UVA dose for Test 2 and a single 3.0 ] per cm? UVA dose in
Test 1 for measurement of the titer. Sampling from 2 sep-
arate units originating from the same plasma pool, which
allowed us to consider the results for the four UVA doses
as only one kinetic curve of inactivation.

Titration with indicator cell cocultivation assay. For
0] per cm?® samples from Test 1 and Test 2, 10-fold serial
dilutions were made, and two 2-ml aliquots were plated
for each of the four dilutions performed. For the inacti-
vated samples from Test 2 (1 or 2.0 J/cm®) or Test § (3.0 ]/
cm?), 45 2-ml aliquots were plated. The medium of the
plated samples was changed after 2 hours of coculture for
the same teason as in the experiments in the presence of
PLTs. The titration of the HTLV-1 and -11 infectivity in every
test sarnple was evaluated with the same method as
described previously for PLTs. Negative controls were per-
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formed both in RPMI 1640 only and in RPMI 1640 con-
taining 10 percent plasma (from pooled plasma samples
before addition of infectious cells). The experiments were
performed four times for each virus type, and the results
were averaged.

RESULTS

The control samples (PLT experiments) or test samples
before illumimation (plasma experiments) allowed us to

‘obtain a referential infectious titer (FFUs/mL) by linear

regression. The mesidual foel detected in the inactivated
samples and the negative controls were counted and the
mean was calculated. Dose-response curves were gefer-
ated to visualize the efficiency of the inactivation. It is
important to emphasize that most of the FFUs correspond
either to one colored cell before multiplication and forma-
tion of a focus or sometimes to a syncytia. The wells con-
taining negative controls gave a number of infectious foci
by well (2 mL), which corresponds to the residual infectiv-
ity or the limit of detection and, thus, was evaluated to a
value in FFUs per mL.

PCT of HTLV-1 and -ll in fresh human PLT
concentrates

Photochemical inactivation of HILV-L. The cell-
associated HTIV-I showed 2 strong sensitivity to amo-
tosalen with a low dose of UVA. The inactivation curve
dropped rapidly in the four replicates (Fig. 2A): in the first
sample treated by 150 pmol per L amotosalen and a 0.5
per cm? UVA dose, residuoal infectivity was less than
0.1 percent. From the 1.0 per cm® UVA dose, the value of
the infectivity reached a background value equal to the
negative conirol obtained in RPMI 1640 alone. The mean
value obtained for the 3.0 J per cm? UVA dose inactivated
sample was -0.5+ 0.2 log FEUs per mL. In contrast, the
titer obtained in the control samples was stable and gave
a mean of 4.7 + 0.2 log FFUs per ml. So, the strong inacti-
vation of 5.1 log by a 1.0 ] per cm? UVA dose aliowed us to
conclude that the free and cell-associated HTLV-1 inacti-
vation by 150 pmol per L amotosalen and 3.0J per cm?
UVA was complete with respect to the limit of detection of
the cocultivation assay used.

Photochemical inactivation of HTIV-IL like for
HTLV-], in the four replicates a strong inactivation from
the first UVA dose was observed (Fig. 2B). In the first sam-
ple treated by 150 pmol per 1, amotosalen and a 0.5] per
em? UVA dose, a residual infectivity decreased strongly.
After a 1.0 ] per c® UVA dose, the value of the infectious
titer reached a background value slightly higher than the
value obtained in the negative contro! in RPMI 1640 alene.
The mean value obtained for the most illuminated sample
(3.0 1/ cn?) was 0.4 0.3 log FFUs per ml. In contrast, the
titers obtained in the control samples were stable and
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Fig. 2. Dose-response curves of the photochemical inactivation of HTILV-I (A) and HTIV-
II (B) in PLT concentrates {n=4}. The inactivation of CA-HTIV-1 and -1 in PLTs by PCT
was performed in four separate replicates, and results were pooled for each UVA dose.
Error bar represents the standard deviation (SD) [rom the mean. The negative contrel
(solid gray line) was given by FFU count in RPMI 1640 anly. Stable for all UVA doses, it
was expressed as a single mean value represented with its SD (double dashed gray lines).
(®) Infectious titer oblained in a control PLT unit containing HTEV-1 or -1l without PCT.
Thiese samples were withdrawn in parallel with the TEST ones. {C) Infectiouns titer
obtained in test PLT unit containing HTIV-I or -II with PCT at each UVA doses.
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Fig. 3. Dose-response curve of the additional replicate of photochemical inactivation of
HTLV-IL in PLT concentrate units (A) and new application of this Hmit of detection 1o
the previous photochemical inactivations of HTLV-II in PLT concentrates (B; n =5). (A)
The fifth inactivaiion of CA~-HTLV-II in PLTs by PCT was in two separate PLT nnits with
or without HTLV-I1. The classical negative controls (without treaiment) were given

by counting of FFUs in RPMI 1640 only (solid gray line) or in RPMI 1640 added of

10 percent plasma (dashed gray line). The additional limit of detection was measured in
the second PLT unit without HTIV-II but treated by UVA and amotosalen 150 wmnal per
L. (W) Limit of detection of the pA18G-BHK-21 coculiivation assay determined in
presence of PLTs/plasma after PCT. (®) Infectious titer obtained in contro] PLT unit
containing HTEV-1T without PCTL (C) Infections titer obtained in test PLT units
containing HTLV-1T with PCT. (B) Curve comparing the new limit of detection to the four
previons photochemical experiments in PLTs and confirming inactivation ol HTLV-H in
PLTs ta the limit of detection,

nents of the cocultivation assay on
pA18G-BHKZ1 indicator cells in pres-
ence of PLTs and plasma. Therefore, to
assess the capacity of the assay to
generate a positive reaction under the
condidons used in these experiments,
excluding the real infectious power of
residual HTIV-1I virus, a fifth replicate
HTLV-1I experiment was performed as
a double assay. This experiroent was
performed under exactly the same
conditions as the previous four repli-
cates but the usual PIT unit was used
in parallel with another identical PLT
unit in which no infectious agent was
added and both were treated by UVA
and amotosalen. The results of this
additional  experiment  (Fig. 3A)
showed an IITIV-1] inactivation profile
identical to the previous replicates: the
curves dropped rapidly at 0.5 ] per cm®
and decreased to a background value
at 2.0 per cm? but stayed above the
negative control in RPMI 1640. The
additional unit, however, brought
some new information: the number
of blue cells appearing on the pAl8G-
BFK-21 indicator cells monolayer in
the negative contro] without HTLV-TI
was higher in presence of PLIs than in
RPMI 1640 alone. Moreover, in the
samples receiving 3.0] per c?, the
titer was identical irmrespective of
the presence of HTLV-11. Because there
was no difference between the sam-
ples irradjated by different dose of
UVA and the negative control in
10 percent plasma (Fig, 3A), the UVA
dose or the amotosalen seemed to
have no impact on the background
value. The theory of an abnormal sen-
sitivity of the indicator cells monolayer
to the psoralen or the UVA dose can
be discarded. Because the exper-
ments with HTTV-II have been realized
some months after those with HTLV-1
by use of the same pA18G-BHK-21 cell
culture, cell aging or an evolution of

gave a mean from 5.0 log to 5.2 log FFUs per ml. So the
inactivatiop after a 3.0 per cm® UVA dose was 4.6 log but
the curve decreased to a background value slightly higher
than that of the negative control in RPMI 1640.

To understand better the reason why a residual infec-
tivity persisted in the inactivated samples in HTLV-II
experiments, we tested the impact of the several compo-

the sensitivity could explain this changes. Alternatively, a
change in plasma and PLT quality can be hypothesized.
We can conclude that the inactivated samples reached
4 background value that was equivalent to the limit of
detection of the cocultivation assay on pAl8G-BHK-21
indicator cells (negative controls) in presence of PLIs and
autologous plasma. Presumably, an extrapolation of this
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result would be possible for the other replicates where
negative controls in plasma had not been made. There-
fore, we added the new limit of detection in presence of
PLTs to the previous results by taking the mean of the
§ replicates (Fig. 3-B). So, we obtained a curve that
reached the background value corresponding to zero
infectious agents in the sample tested after a UVA dose of
1.0]) percm’®.

PCT of HTLV- and -it in human FFP

Photochemical inactivation of HTIV-1. The titrations
of samples containing 150 pmol per L amotosalen hefore
ilumination (0J/cm? gave a mean initial titer of 4.0 log
FFUs per mL in Test 1 and Test 2. The inactivated samples
also showed a low number of residual foci at 0.5 log FFUs
per ml, a value equivalent to the background value
obtained in negative controls of RPMI 1640 with
10 percent plasma (Fig. 4).

So the inactivation calculated for both test units at
every UVA dose was 4.7 £ 0.3 log, and the residual infectiv-
ity nbserved corresponded to the limit of detection of the
assay. Therefore, the inactivation of cell-associated (CA)-
HTLV-]1 in a human plasma unit, by 150 pmol per L amo-
tosalen plus a 3.07 per cm? UVA dose, was complete at the
limit of detection.

Photochemical inactivation of HTLV-IL, The same
observation can be applied to the results of the PCT of
HTLV-1I in plasma. The initial titer was very close in Test 1
and Test2: 4.7+0.1log and 4.7 0.3 log FFUs per mlL,
respectively, at 0J per e’ The residual foci detected in
inactivated samples gave —0.5 £ 0.8 log FFUs per mL for
the 1.0] per cm? UVA dose and -1 tog FFUs per ml. for 2.0
or 3.0] per cm? UVA doses. Again, these residual foci cor-

responded to the background value, indicating that the
inactivation of PCT on CA-HTLV-II in human plasma was
very efficient. (Fig. 4). The corresponding inactivation log
at a 3.0 ] per cm? dose was 5.7 £ 0.1 log.

DISCUSSION

The pA18G-BHK-21 cells transfected with the HT1V-LTR-
lacZ and used for the coculture assay developed by Astier-
Gin and coworkers™ are indicator cells sensitive to the
presence of tax activator protein produced by HTIV-I and
-I1. They also express HTiV-1and -II receptots that realize
a possible recognition and fusion via the specific glyco-
protein of the virion (infection) or of the infected cell
membrane (syncytia). The main ways of expression of the
tax protein in indicator cells is either an infection by direct
penetration of the virion in the indicator cell or the fusion
of the indicator cell with infected cells (some syncytia
were including in the count of the positive FFUs in the
stained indicator cell monolayer). Therefore, the coculti-
vation assay allowed us to measure the presence of free-
cell, intracellular, or provirtal forms of the HTLV-I and -IL

Lin and associates® have previously reported that
PMA induced HTLV-LTR gene expression and therefore
strongly increased tax protein expression (three to four-
fold as determined by densitometric analysis of Western
blot). HTLV-1 and -1 virions themselves, however, or cell-
free HTIV-1 and -11, have rarely been used to elucidate the
infection mechanism. In contrast to HIV, cell-free viremia
in plasma is not a prominent aspect of HTLV-I- and -II-
associated diseases and the studies have focused on the
proviral load in peripheral blood mononuclear celis. It is
now admitted, however, that infection by cell-free HTLV-1
and -II virions is less efficient compared with that of other
retroviruses. The proportion of free
viruses in culture supernaiant in vivo
has never been cleatly estimated.®
Astier-Gin and associates™ confimmed
that there was extremely little activa-
tion of the HTLV-LTR contained in
pA18G-BHK-21 by HTIV-1 and -1I cell-
free viral preparation in contrast to
infected cells preparation. In contrast,

4 s

- ' 2

= P b

g £

g 2 3

& 2 ©

3 g 2

= =

z 14 I 44

2 ;e

= o ' o-
F d T T T T T ¥

Ao 1 z 1 B o

VA dosa (iom’y

Fig. 4. Dose-response curves of the photochemical inactivation of HTIV-I (A} and 11 (B)
inplasma {n =4).The inactivation of CA-HTIV-Tand -1l in plasmaby PCT was performed
in four separate replicates, and results were pooled for each UVA dose. Each error bar
represents the SD from the mean. The negative control (solid grayline) was given by FFU
couat in RPMI 1640 added of 10 percent plasma: Stable for alt UVA doses it was
expressed as a single mean and represented with its SD (double dashed gray lines). (®)
Infections titer obtained in Test I plasma unit containing HTIV-I and -1T with PCT at 0
and 3.0 ] per em?®UVA dase. () Infections titer oblained in Test 2 plasma unit containing

HTLV-I or -1L with PCT at 1.0 and 2.0 ] per em? UVA dose.
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even if free particles in the culture are
not quantified, their presence is real
and, if so, increased by the addition of
PMA. By taking into account this infor-
mation, the assays was designed to
assess the inactivation of both free and
cell-associated HTLV-I and -1I without
knowing their respective proportion.
Moreover, the virus present in
the transfusions samples represents
mostly a latent infection (proviral
DNA). This does not exclude the pres-

¥

2 3



ence of free virus potentially produced by the infected cell.
The 2060- and Cl8-infected cell lines nsed in this work
contained proviral HTLV-1 and -1l and produced virus par-
ticles. This production was increased in presence of PMA.
Thus, the inactivation of virus produced by these cells was
made with higher cell concentration (10° infected cells/
mkL) than those found in the transfused blood units, dem-
onstrating with reliability that every virus form (free, intra-
cellular, or proviral) was killed. That confirms that the
target of the treatment by amotosalen was nucleic acids
and that every form of replicating or latent viral gene was
inactivated.

Bringing the proof that a strong concentration of
HTLV-I- and -M-infecied cells {probably containing the
virus under its three forms) is destroyed in our experi-
ments, we could expect that whatever the form and the
concentration of HTIV-T and -1I in transfused blood unit,
the efficiency of the amotosalen and UVA will be equiva-
lent. These results are concordant and demonstrated a
similar inactivation profile: an important decrease of the
infectivity power with a 1.07] per cm® UVA dose, with a
residual very lowinfectivity, reaching the limit of detection
at a 3.0) per cm?® UVA dose. Moreover, they showed an
inactivation of 5.2 log for HTLV-1 or 4.6 log for HILV-1I in
fresh human PLT concentrates and an inactivation of 4.5
or 5.7 log, respectively, in human plasma. The samples
tested without treatment by UVA and amotosalen or
before UVA illumination showed stability of the initial
infectivity in the blood component used and the absence
of inhibition of the HTLV-I- and -lN-infected cells by the
presence of PLI' concentrate or plasma. The background
value reached for the HTIV-1I inactivation in presence of
PLT concentrates, however, was stightly higher than that
of the negative control in RPMI 1640 only. This could raise
some questions about the efficiency of the PCT and the
possibility of a residual infectivity. Nevertheless, a fifth
replicate assay with PLTs, tested with or without HTIV-11,
has demonstrated the susceptibility of the indicator cells
{pA18G-BHK-21) to the presence of PLTs or the autologous
plasma, which increased the limit of detection in contrast
to the negative control in RPMI 1640 only. Actually, even
if the PLIs quantity remained low when the sample dilu-
tions were plated on the pA18G-BHK-21 monolayer (1 Jog
dilution for inactivated samples with medium change
after 2 hr), the contact nevertheless does exist. In addition,
aging of the pAl8G-BHK-21 cells or a change in the
plasma components used should not be disregarded as
the cause of the slightly higher background counts.

Taking into account the equivalence between the
resfduals titer in inactivated samples and the value of the
lirnit of detection of the cocultivation assay on pAlB8G-
BHK-21 indicator cells in presence of PLTs or plasma, and
the high inactivation log obtained (Table 1), we can con-
sider that the inactivation of cell-associated HTLV-I or
HTIV-ILin human plasma or in fresh PLT concentrates, by

HTLV INACTIVATION IN PLASMA OR PLTs

TABLE 1. Inactivation of HTLV- and -ll in PLTs or
plasma by 150 pmol per L amotosalen and ditferent
UVA doses {n =4)*

Inactivation in PLTs

Inactivation in

UVA dose (log)t plasma {log)}
(Jiom?®) HTLV- HTLV-II HTLV-1 MHTLV-
05 4.3 3.8 ND ND
1.0 5.1 4.0 46 52
2.0 5.0 4.3 5.1 5.6
3.0 52 4.8 4.5 57

* Mean values of the four replicates realized for each virus type.

T The inactivation log was calculated as the ratio of the mean titer
{FFUs/mL} in the 0 J/om? samples from the sontrol units
containing 150 pmol per L amotosalen té the mean titer
{assimilated to FFUs/mL) in the irradiated samples from the test
unit. {Control and test samples heing concurrently withdrawn
atier each UVA dose.)

¥ Theinactivation log was calculated as the ratio of the mean titer
(FFUs/mL) in the 0 J per om® samples (Test 1 or 2 unit
containing 150 pmol per L amotosalen before UVA irradiation)
o the mean titer (assimilated to FFUs/mL) in the irradiated
samples.

the PCT applied in these experiments (150 umol/L amo-
tosalen and an illumination dose of 3.0 J/cm®), was highly
efficient and opens an opportunity to improve safety of
PLT% or plasma transfusions in the future.
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