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Bone marrow transplantation is employed in the treatment of
a number of hematologic and malignant diseases. A major
complication is the induction of graft-versus-host disease.
W hereas removal of T lymphocytes from the donor marrow
effectively reduces the incidence of graft-versus-host disease,
the incidence of graft failure often increases when T cells are
depleted from the transplanted marrow. In the current study,
photoinactivation of the donor cells with 8-methoxypso-
ralen coupled with exposure to long-wavelength ultraviolet
radiation (PUVA therapy) was used to inactivate the response
of the donor T cells against the host. PUVA therapy sup-
pressed the ability of spleen cells to respond to alloantigen in
the in vitro mixed lymphocyte reaction. The induction of

acute graft-versus-host disease across complete major histo-
compatibility barriers in lethally X-irradiated mice was sig-
nificantly suppressed after bone marrow transplantation with
photoinactivated bone marrow cells. Long-term survivors
demonstrated allogeneic reconstitution and partial restora-
tion of T-cell function. Because PUVA therapy had no inhib-
itory effect on hematopoiesis, these data suggest that using
phototherapy to inactivate the alloreactivity of T cells may
provide an alternative to purging T cells from the donor
marrow, thus suppressing both the incidence of graft-versus-
host disease and the incidence of graft failure. ] Invest Dermatol
96:303-308, 1991

one marrow transplantation has emerged as a promis-
ing treatment for a variety of hematologic, metabolic,
and malignant disorders. One of the major complica-
tions of bone marrow transplantation is the develop-
ment of graft-versus-host disease (GVHD) [1]. In ge-
netically identical twins, where there are no immunologic barriers,
GVHD does not develop. However, as the degree of genetic dispar-
ity between the donor and recipient increases, the incidence ofP se-
vere lethal GVHD increases. Even in HLA-matched donor-recipi-
ent pairs, GVHD remains a major cause of morbidity and mortality
following bone marrow transplantation [1]. The incidence of
GVHD is decreased by depleting T cells from the donor bone
marrow inoculum [2]. Patients receiving T-cell-depleted bone
marrow, however, show an increased incidence of graft rejection,
and in leukemic patients the recurrence of malignancy tends to be
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higher when T-cell - depleted bone marrow is transferred [3]. This
has led some to suggest that T-cell depletion should be avoided and
efforts should be directed at the management of GVHD [1]. Wher-
eas this is feasible when a HLA-Dr-matched sibling donor is avail-
able, it becomes problematic when one considers that the severity
and lethality of GVHD increases when non-sibling HLA mis-
matched donors are used. Donor registries have been established to
help with this problem, but it is estimated that a pool size of at least
100,000 donors is required to match (HLA-A, B, C, Dr, and mixed
lymphocyte culture compatible) 95% of the candidates [4], indicat-
ing the need for new approaches to suppress the induction of
GVHD across allogeneic histocompatibility barriers.

The question that was addressed during the current study was
whether inactivation of the T cells within the transplanted bone
marrow, rather than T-cell depletion, can suppress GVHD without
promoting graft failure. T-cell function is quite sensitive to inacti-
vation with 8-methoxypsoralen (8-MOP) coupled with exposure to
long wavelength (320-400 nm) ultraviolet A light (PUVA). In
vitro experimentation has established that T lymphocytes can be
functionally inactivated after treatment with 8-MOP and UVA radi-
ation [5-7]. Patients undergoing PUVA therapy in the treatment of
psoriasis have impaired T cell function [8]. Furthermore, extracor-
poreal photophoresis (in vitro exposure of leukocytes isolated from
patients or animals previously treated with 8-MOP to UVA radia-
tion) has been used to treat cutaneous T-cell lymphoma in patients
[9] and to suppress allograft rejection [10] and the induction of
autoimmune disease [11] in experimental animal systems. Also,
Berger et al [6] have demonstrated that whereas the proliferation of
normal T cells is inhibited by PUVA therapy, the proliferation of
the promyelocytic leukemia cell line HL-60 was relatively resistant
to photoinactivation with PUVA. Based on the sensitivity of T cells
to PUVA treatment, an attempt was made to use phototherapy to
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inactivate donor-derived T lymphocytes and see what effect this
procedure had on the induction of GVHD. The approach that was
used was patterned after the extracorporeal photophoresis proce-
dure described by Edelson and colleagues [9]. Donor mice were
injected with psoralen and 2 h later their spleen and bone marrow
cells were removed and exposed in vitro to UVA radiation. The data
indicate that treatment of the donor cells with PUVA interferes
with alloreactivity, but has no effect on hematopoiesis. Transplant-
ing the PUVA-treated cells into lethally X-irradiated allogeneic
recipients suppressed the induction of acute GVHD. Long-term
survivors demonstrated allogeneic reconstitution with a partial res-
toration of T-cell function, suggesting that photoinactivation of
donor bone marrow may provide a method of preventing GVHD
across major histocompatibility barriers while avoiding the failure
of engraftment frequently associated with T-cell depletion.

MATERIALS AND METHODS

Animals Specific— pathogen-free, young adult (710 weeks old)
female C3H/HeN (MTV-), BALB/c and C57B1/6 mice were ob-
tained from the Animal Production Area, Frederick Cancer Re-
search Facility, Frederick, MD. The animals were housed and cared
for according to the “Guide for the care and use of laboratory
animals” (DHHS publication No. [NIH] 78-23) in a AAALAC-
accredited animal facility, and their use was approved by the Institu-
tional Animal Care and Use Committee. The animals had free
access to laboratory chow and chlorinated water and were housed in
rooms where ambient lighting was regulated automatically on a
12-h light-dark cycle.

Extracorporeal Phototherapy A modification of the procedure
described by Edelson et al [9] was used. 8-methoxypsoralen (Elder
Pharmaceuticals, Bryan, OH) was diluted in 2% gelatin and 0.4 mg
was injected into the peritoneal cavity of the donor mice, as de-
scribed previously [12]. Two h later, the donor mice were killed and
their spleens, tibiae, and femora removed. Single-cell suspensions
were prepared, contaminating red blood cells were lysed with
0.83% ammonium chloride, the cells were resuspended in PBS, and
plated in 100-mm tissue culture dishes (5 ml, at 1 X 107 cells/ml).
The cells were exposed to UVA radiation supplied by a Dermalight
2001 equipped with an optical filter (H-1) to remove all wave-
lengths below 320 nm (Dermalight Systems, Studio City, CA).
Approximately 99% of the energy emitted by this lamp was within
the UVA range, as determined with an Optronics 742 Spectrora-
diometer (Optronics Laboratories Inc., Orlando, FL); the irradiance
of the source averaged 94 J/m2/s. After irradiation, the cells were
harvested with a rubber policeman, washed in PBS, and counted.
Control cells were obtained from normal mice and mice injected
with the vehicle (0.2 ml of 70% ETOH diluted 1:5 in gelatin). In
addition, some of the normal cells were exposed to UVA radiation.
A portion of the cells isolated from the 8-MOP - injected mice were
shielded from the UVA radiation (held in foil-covered test tubes)
and used as an additional source of control cells.

Bone Marrow Transplantation and the Induction of GVHD
A modification of the procedure described by Korngold and Sprent
[13] was used. Lethally X-irradiated BALB/c mice (900 rads) were
injected with a mixture of allogeneic (C3H) spleen and bone
marrow cells. PUVA-treated or control spleen (1.25 X 106) and
bone marrow cells (5 X 106) were mixed together and injected into
the recipient mice via the tail vein. In addition, PUVA-treated C3H
spleen and bone marrow cells were used to reconstitute lethally
X-irradiated syngeneic C3H mice. The recipient animals were
maintained on autoclaved food and bedding, and antibiotic-supple-
mented water. The animals were checked daily for morbidity and
mortality and the median survival times were recorded. Controls
that were not injected with spleen and bone marrow cells generally
died 15-20 d post irradiation. There were 10 animals per group;
statistically significant differences between the median survival
times were determined by use of the Wilcoxon rank-sum test.
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Mixed Lymphocyte Reaction Spleen cells from 8-MOP-
injected or normal mice were isolated and exposed to UVA radia-
tion. The cells were harvested and used as responders in a one-way
MLR, as described previously [14]. Briefly, 2 X 105 responder cells
were co-cultured with 2 X 105 gamma-irradiated (5000 rads) allo-
geneic stimulator cells in 96-well microtiter dishes in complete
RPMI 1640 medium for 5 d. During the last 18 h of culture, 1 #Ci
of tritiated thymidine was added to each well. The proliferation of
the responding cells was reflected by the incorporation of the radio-
isotope into newly synthesized DNA. This was determined by har-
vesting the cultures with a PHD cell harvester (Cambridge Tech-
nology Inc., Watertown, MA) followed by liquid scintillation
counting. Cultures were run in triplicate, the mean counts per min-
ute (CPM) and standard error of the mean were calculated, and
statistically significant differences between the means were deter-
mined by use of the two-tailed Student t test.

Growth of Bone Marrow Stem Cells in Soft Agar A modifi-
cation of the procedure described by Ananthaswamy [15] was used.
C3H mice were injected with 8-methoxypsoralen and 2 h later their
tibias and femurs were removed. The bone marrow was flushed out
and single-cell suspensions were prepared. Contaminating red
blood cells were lysed, and the cells were resuspended in PBS and
exposed to various doses of UVA radiation. The cells were lifted off
the plastic with a rubber policeman, washed, and counted. A 4-ml
base layer of Dulbecco’s modified Eagle’s medium supplemented
with 10% fetal bovine serum, 4.5 g/l D-glucose, glutamine, vita-
mins, sodium pyruvate (GIBCO, Grand Island, NY) and 0.6%
Difco Noble agar was prepared and plated in 60-mm tissue culture
dishes. This was overlaycf with 0.3% top agar medium containing
105 bone marrow cells. Conditioned media (10% v/v) from the
WEHI-3 cell line was used as a source of multipotential colony-
stimulating factor. The dishes were incubated at 37°C in 8% CO,
for 3—4 weceks. The resulting colonies were stained with p-iodoni-
tritetrazolium [16] and counted. Triplicate cultures were run, the
mean number of colonies per 105 input cells was calculated, and
statistical differences were determined by use of the two-tailed
Student t test.

Determination of Stem Cell Engraftment The procedure
described by Kersey et al [17] was used to determine the haplotype
of the peripheral blood lymphocytes of the long-term survivors
following bone marrow transplantation. Blood was obtained by
cardiac puncture and the mononuclear cells were isolated by
buoyant density centrifugation using Ficoll-Hypaque. Mononu-
clear cells (4 X 10%) were mixed with equal volumes of specific
anti-H-2 antibody and complement (1:6 dilution of hybridoma
supernatants), and incubated in triplicate in microcytotoxicity plates
for 45 min at room temperature. The reaction was terminated by
the addition of 2% EDTA and the viability of the cells was deter-
mined by trypan blue staining. Cytotoxicity was determined by
comparing the viability seen after treatment with anti-H-2* plus
complement, to the viability seen after treatment with an irrelevant
isotype matched antibody (anti—H-2P) plus complement. Hybrid-
omas producing monoclonal antibodies against H-2 KkDk (3-83P),
H-2 K4D4 (34-1-2S) and H-2 K*DP (28-8-6S) were obtained from
the American Type Culture Collection, Rockville, MD. The cyto-
toxicity was calculated by the following formula: cytotoxicity = (%
alive after treatment with anti-H2k + complement) — (% alive
after treatment with irrelevant antibody + complement)/(% alive
after treatment with irrelevant antibody + complement) X 100.
The level of circulating BALB//c cells was determined by substi-
tuting anti—H-24 for the anti—H-2k antibody. As a control for this

experiment, mononuclear cells isolated from normal C3H or
BALB/c mice were used.

RESULTS

Inhibition of Alloreactivity by PUVA Treatment The effect
PUVA treatment had on the immune reaction to alloantigen was
examined. Normal C3H mice were injected intraperitoneally with
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Figure 1. Suppression of the proliferative response to alloantigen by PUVA
treatment. Spleen cells were isolated from C3H mice injected with 8-MOP
or vehicle, exposed to various doses of UVA, and cultured with gamma-
irradiated BALB/c stimulator cells. The proliferation of the C3H spleen
cells was measured by incorporation of tritiated thymidine. The data is
expressed as A cpm, the background response of the C3H cells cultured
without stimulator cells has been subtracted. The A cpm response of normal
cells was 24,863. Standard errors were less than 10%. This experiment was
repeated twice with similar results; a representative experiment is shown.

0.4 mg of 8-MOP. Two h later, their spleens were removed, single-
cell suspensions were prepared, and the cells were exposed to
various doses of UVA radiation. The ability of the PUVA-treated
spleen cells to respond to alloantigen in a standard MLR was de-
pressed (Fig 1). UVA treatment alone had no effect on the alloreac-
tivity of spleen cells, as demonstrated by the comparable responses
of normal spleen cells and cells from mice injected with vehicle and
exposed to UVA. Also, injection of 8-MOP without subsequent
UVA treatment did not impair the alloreactivity of the spleen cells.
The decreased proliferative response to alloantigen by the PUVA-
treated cells was not due to cell killing, because the viability of the
PUVA-treated cells and normal cells after 1, 3, or 5 d of culture was
similar (data not shown). Thus, these data demonstrate that extra-
corporeal PUVA treatment inactivates alloreactivity.

PUVA Treatment of Bone Marrow Cells does not Inhibit the
Ability of Stem Cells to Proliferate in Response to Colony-
Stimulating Factor The effect PUVA treatment had on hema-
topoiesis was measured. Normal mice were injected with 8-MOP,
and 2 h later their bone marrow was removed and single-cell suspen-
sions prepared. The cells were irradiated in vitro with UVA, and the
effect this treatment had on colony formation was determined by
measuring the growth of the cells in soft agar using multipotential
colony-stimulating factor (interleukin-3) as the growth factor. As
shown in Fig 2, PUVA treatment of bone marrow cells had no
suppressive effect on their ability to form colonies in soft agar.

Suppression of GVHD by PUVA Treatment of the Donor
Spleen and Bone Marrow Cells Because PUVA treatment in-
hibited alloreactivity in the MLR but did not affect stem cell hema-
topoiesis, we next measured the effect that PUVA treatment had on
the induction of GVHD. Adult BALB/c mice were exposed to a
lethal dose of X-irradiation (900 rads) and injected with allogeneic
C3H spleen and bone marrow cells. A limitation of the murine
model of bone marrow transplantation concerns the limited number
of T cells found in mouse bone marrow. Human bone marrow
usually contains between 10-20% T lymphocytes, whereas the
number of T cells within murine bone marrow is approximately
tenfold lower [18,19]. Therefore, to approximate the situation seen
in human bone marrow transplantation, spleen cells were mixed
with bone marrow cells, and the final concentration of T cells in the
inoculum was 16% (as determined by indirect immunofluorescence
staining with anti-Thy 1.2 antibody and fluorescein-conjugated
goat anti-rat IgG). The C3H mice were injected with 0.4 mg of
8-MOP. Two h later, the mice were killed, spleen and bone marrow
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Figure 2. Effect of PUVA treatment on the hematopoietic potential of
bone marrow stem cells. Bone marrow cells from 8-MOP or vehicle-
injected mice were exposed to UVA and cultured in soft agar. Three-4
weeks after the initiation of the culture, 3—6 random fields were counted,
and the number of colony-forming units (CFU) per 105 input cells was
calculated. Normal C3H bone marrow yielded 5122 colonies/10% input
cells. This experiment was repeated twice with similar results; a representa-
tive experiment is shown.

cells were obtained, exposed to 560 J/m? of UVA radiation, and
injected into X-irradiated BALB/c recipients. The mice were mon-
itored daily and survival times were recorded. Injecting X-irradiated
recipient mice with normal allogeneic spleen and bone marrow cells
resulted in the induction of acute GVHD with a median survival
time (MST) of 13 d (Fig 3). When the recipient mice were injected
with cells exposed to UVA, cells from donor mice injected with
8-MOP but not irradiated with UVA, or cells from vehicle-injected
controls, the MST was not significantly different from the survival
seen when the mice were injected with normal cells (MST of 11, 7,
and 8, respectively, P > 0.05, Wilcoxon rank sum test). When the
recipient mice were injected with PUVA-treated cells, a significant
prolongation of survival was noted (MST, 44 days; p < 0.005)
when compared to the MST of mice injected with normal cells.
Injecting PUVA-treated cells into X-irradiated syngeneic C3H
mice resulted in 100% survival, confirming the finding that PUVA
treatment has no adverse affect on hematopoiesis. Thus, these data
demonstrate that PUVA treatment of the donor cells inactivates T
cell alloreactivity and suppresses the induction of GVHD.

100 ®
1 be—me—
80 caie
! "‘? ¢ Syngeneic
S 604 : © PUVA
‘_;, i Ly B Normal
L i i °© 8MOP
® ) foomn ™ . " - a UVA
20 + E 2 O Vehicle
R
LS r
5 - e
T s T T T T v
0 20 40 60 80 100

Survival times (days)

Figure 3. Effect of PUVA treatment on the induction of GVHD. Spleen
and bone marrow cells from normal C3H mice, mice injected with vehicle,
or mice injected with 8-MOP were injected into lethally X-irradiated
BALB/c mice. PUVA cells are from mice injected with 8-MOP and exposed
in vitro to UVA radiation, UVA are cells from normal mice exposed in vitro
to UVA radiation, and syngeneic are PUVA-treated cells injected into
X-irradiated syngeneic C3H mice. The mice were monitored daily; the
experiment was terminated at 90 d. There were 10 mice per group. The
individual survival times of the mice in the group injected with PUVA-
treated spleen and bone marrow cells was 10, 29,37, 40, 43, 44, 48, > 90,
>90,>90. This experiment was repeated three times with similar results; a
representative experiment is shown.
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Table I. Haplotype of the Peripheral Blood Leukocytes Found

in the Long-Term Survivors

% Cytotoxicity

Source of the PBL aH-2k aH-2d
Normal C3H 94 8
Normal BALB/c 3 90
GVH LTS, 88 16
GVH LTS, 83 16

« Long-term survivor GVH experiment.

Effect of Extracorporeal PUVA Treatment on Engraftment
The haplotype of the peripheral blood lymphocytes of the long-
term survivors was determined. Between 83 - 88% of the peripheral
blood lymphocytes isolated from the long-term survivors (> 90 d)
were of donor origin (H-2¥), as determined by an in vitro comple-
ment-dependent microcytotoxicity test (Table I), indicating that
PUVA treatment of the bone marrow inoculum suppresses the in-
duction of GVHD without suppressing stem-cell engraftment.

Partial Restoration of Alloreactivity in the Long-Term
Survivors In order to determine whether there was any restora-
tion of T cell function after PUVA therapy was used to suppress
GVHD, spleen cells from two of the long-term survivors were used
as responder cells in a one-way MLR (Table II). No proliferation
was observed when spleen cells from the long-term survivors were
cultured with either C3H or BALB/c alloantigen. The cells from
the long-term survivors were able to mount a proliferative response
(4 to 6 times increase in stimulation indices) to C57B1/6 cells, an
irrelevant antigen. For the sake of comparison, the proliferative
response of normal C3H and BALB/c spleen cells to alloantigen
was also measured. Note that the normal cells showed a 7 to 16
times stimulation index when cultured with alloantigen. Thus,
these data suggest that partial reconstitution of T cell function was
achieved in animals reconstituted with photoinactivated bone
marrow cells.

DISCUSSION

GVHD is a serious complication of bone marrow transplantation.
Although removing T cells from the transferred marrow effectively
suppresses the induction of GVI_—ID, T-.cell depletion increases the
probability of graft failure and is associated with a greater risk of
disease relapse, especially when bone marrow transplantation is used
to treat leukemia. Thus, purging T cells from the donor marrow
prior to bone marrow transplantation has been described as a “dou-
ble-edged sword,” GVHD is effectively suppressed, but graft rejec-
tion frequently occurs, accompanied by the relapse of discase. Be-
cause T cells have been shown to have a positive effect on
hematopoiesis [20], the removal of these cells, and/or the colony-
stimulating factors they produce, may explain the poor engraftment
seen after T-cell depletion. On the other hand, T-cell depletion may
remove a set of donor-derived regulatory T cells that suppress the
residual host-versus-graft response mediated by radioresistant T
cells or natural killer cells [21,22].

The transplantation surgeon, therefore, faces a dilemma: removal
of the T cells from the transplanted marrow prevents GVHD, but
enhances graft failure. The approach taken in these studies was to
photoinactivate T-cell alloreactivity rather than deplete T cells
from the graft and examine the effect this treatment had on the
induction of GVHD. This approach was based on the observation of
others that T cells, and T-cell function, is quite sensitive to photoin-
activation with 8-MOP and UVA radiation [5-11]. These findings
are supported by the data shown in Figs 1 and 2 of this report, which
indicate that PUVA treatment effectively inhibits the MLR but has
no effect on stem-cell colony formation. A trivial explanation for
these findings would be that the drug, 8-MOP, does not reach the
bone marrow. However, tissue distribution studies carried out by
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Muni and colleagues [23] suggest this is not the case. Within 4 h of
oral administration of radiolabeled 8-MOP, peak levels of radioac-
tivity were found in most of the organs of the body. Most of the
drug was excreted by 24 h and little radioactivity remained at 96 h.
In addition, previous data reported from this laboratory and others
have shown that intraperitioneal injection of 8-MOP, followed by
total body exposure to UVA, resulted in a systemic alteration of
immune function [12,24]. These data, together with the finding
that psoralen receptors are found on a wide variety of cells [25],
suggest that limited distribution of the 8-MOP does not explain the
effects reported here. Furthermore, Berger et al [6] have previougly
reported that myeloid cells are relatively resistant to the anti-prolif-
erative effects of PUVA therapy. Therefore, we favor the view that
T lymphocytes are more sensitive to inactivation by PUVA therapy
and this is the reason for the inhibition of the MLR but not stem-cell
colony-forming units, as found in Figs 1 and 2.

The data found in Fig 3 also support the concept that T cells are
more susceptible to photoinactivation than bone marrow stem cells.
Injecting normal cells, cells exposed to UVA, or cells isolated from
8-MOP - treated animals into X-irradiated allogeneic recipients re-
sulted in an acute lethal graft-versus-host reaction. However, when
the X-irradiated allogeneic recipients were injected with PUVA-
treated spleen and bone marrow cells, the severity of GVHD was
suppressed, as evidenced by a statistically significant increase in the
MST and the fact that 30% of the animals were alive at the termina-
tion of the experiment. When the same cells were used to reconsti-
tute lethally X-irradiated syngeneic recipient mice, 100% of the
animals survived, suggesting that PUVA treatment did not ad-
versely affect the colony-forming potential of the stem cells. On the
other hand, the survival of the mice injected with the PUVA-
treated spleen and bone marrow cells may be due to the large num-
ber of stem cells (5 million) used to reconstitute the recipient mice.
It is possible that the PUVA treatment did cause some stem-cell
toxicity, but a sufficient number of viable stem cells were present in
the inoculum to allow reconstitution. Although the data presented
in Fig 2 seem to rule out this possibility, this issue can only be
resolved through the use of in vivo stem-cell engraftment assays
[26].

Although an attempt was made to mimic the situation found in
human bone marrow transplantation in regard to the proportion of
T cells found in the bone marrow inoculum, it should be noted that
the strains of mice used here are mismatched at both the major and
minor histocompatibility loci. Thus, the donor and recipient pairs

Table II.  Alloreactivity of Splenic Lymphocytes Isolated from
Mice Reconstituted with PUVA-Treated Bone Marrow Cells

Cells Cultured CPM = SEM- Stimulation Indext
BALB/C 2244 =117
BALB/c + C3H¢ 15833 + 2601 7.1
BALB/c + C57B1/6¢ 36291 + 3547 16.2

C3H 3552+ 412

C3H + BALBc* 26644 + 2893 7.5
C3H + C57B1/6¢ 38097 £ 1544 10.7
GVH LTS, 3183 + 751

GVN LTS, + C3H¢ 4406 + 644 1.4
GVH LTS, + BALB/c* 5053 + 540 1.6
GVH LTS, + C57B1/6¢ 19732 £ 562 6.2
GVH,LTS 3537 £ 494

GVH LTS, + C3H¢ 3780 % 254 1.1
GVH LTS, + BALB/c* 4076 £ 537 1.2
GVH LTS, + C57B1/6¢ 16100 % 1604 4.6

¢ Mcan CPM and the SEM was determined for cultures run in triplicate.

b Stimulation index was determined by the following formula: mean CPM of cultures
containing stimulator + responder cells/mean CPM of cultures containing only res-
ponder cells.

¢ Stimulator cells were exposed to 5000 rads of gamma radiation.
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used here represent the most stringent test for suppressing the in-
duction of GVHD. It is not clear what would happen if there was
partial identity between the donor and recipient, but it is not unrea-
sonable to suggest that an even better suppression of GVHD may be
achieved as the genetic disparity between the donor and recipient is
decreased.

Examination of the haplotype of the peripheral blood leukocytes
of the long-term survivors (Table I) indicates that suppression of
GVHD can be achieved without an adverse affect on stem-cell
engraftment. Eighty-three to 88% of the peripheral blood leuko-
cytes of the long term survivors (>90 d) were of donor origin.
Because the PUVA treatment used here is not lethal for the trans-
planted cells, it is possible that whereas alloreactivity of the T cells is
suppressed, the ability of these cells to have a positive effect on
hematopoiesis [20] is retained. Alternatively, PUVA treatment and,
especially, extracorporeal photophoresis, have been shown to acti-
vate suppressor cells [10,12,24][; it is possible that suppressor cells
within the graft inhibit a residual radioresistant host-versus-graft
reaction, thus promoting engraftment.

Another advantage in using PUVA therapy to suppress acute
GVHD across major histocompatibility barriers is pointed out by
the data concerning the partial restoration of T-cell function found
in the long-term survivors (Table II). Spleen cells from the long-
term survivors were used as responder cells in a one-way MLR
against BALB/c, C3H, and C57B1/6 stimulator cells. Little to no
proliferation was seen when spleen cells from the long-term survi-
vors were cultured with C3H stimulator cells, and because the data
in Table I indicate that the lymphoid system of the long-term survi-
vor was reconstituted with donor-derived cells, this result is to be
expected. Similarly, spleen cells from the long-term survivors did
not proliferate in response to the BALB/c stimulator cells. This
“self” tolerance probably reflects the depletion of C3H anti-
BALB/c clones during the development of the immune repertoire
in the reconstituted X-irradiated BALB/c recipient mice. When
spleen cells from the long-term recipient mice were cultured with
an irrelevant antigen, C57B1/6 stimulator cells, a proliferative re-
sponse was observed. Note, however, that the magnitude of the
response generated by the long-term survivors against the C57B1/6
stimulator cells was approximately half of that seen when normal
C3H cells were cultured with C57B1/6 stimulator cells (stimula-
tion indices of 6.2 and 4.6 vs a stimulation index of 10.7 when
normal responder cells were used). Due to the small sample size,
both these results and those presented in Table I must be interpreted
with caution. However, they certainly suggest positive engraftment
and a partial restoration of T-cell function in the long-term survi-
vors. Other immune parameters of the long-term survivors, such as
the ability to generate a humoral immune response, generation of
cytolytic T cells, or the development of a graft-versus-leukemia
reaction, have not yet been examined.

Whereas others have shown that exposing human bone marrow
cells to UVB and/or UVC radiation can suppress mitogen-induced
proliferative responses without affecting stem-cell hematopoiesis
[18], and UVB pretreatment of rat bone marrow cells suppresses the
induction of GVHD [27], the results reported here are the first to
demonstrate that PUVA treatment of allogeneic bone marrow cells
can suppress the induction of GVHD. There may be some unique
advantages in using extracorporeal PUVA treatment to condition
donor bone marrow and suppress the induction of GVHD. First,
psoralens are relatively inactive in the absence of long-wavelength
UVA radiation. Second, the effective half-life of the UV A-activated
psoralen is measured in milliseconds. Any drug remaining after
irradiation returns to the inactive state, thus limiting adverse side
effects. Third, the procedure used here is an adaptation of the extra-
corporeal photophoresis protocol that has been used in the clinic to
treat cutaneous T-cell lymphoma [9]. The adverse side effects asso-
ciated with this treatment include erythema and post-reinfusion
febrile reactions. The side effects that are normally associated with
standard chemotherapy (bone marrow suppression, hair loss, nau-
sea, vomiting, gastrointestinal difficulties, and opportunistic infec-
tions) were absent when extracorporeal photophoresis was used to
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treat cutaneous T-cell lymphoma. Similar side effects, especially
opportunistic infections, result from standard chemotheraputic
protocols used to treat GVHD. An added advantage in using PUVA
therapy to suppress the induction of GVHD comes from a potential
reduction of these adverse side effects, especially opportunistic in-
fections. Fourth, we have shown previously that donor-derived
suppressor cells can inhibit the immunologic reaction of the graft
against the host [28]. If extracorporeal PUVA treatment of human
bone marrow induces suppressor cells in a manner similar to that
reported with the murine model of photoinactivation [10], these
cells may serve to further suppress GVHD.

The data presented here suggest that photoinactivation of donor
T cell function with psoralen plus UVA radiation provides a novel
method of suppressing GVHD. The suppression of GVHD is dra-
matic, in view of the fact that the donor and recipient mice used here
differed across major histocompatibility barriers. Whether it will be
possible to achieve better survival times if the donor and recipients
are matched at the major histocompatibility loci, a situation compa-
rable to what is seen during HLA-matched human bone marrow
transplantation, remains to be seen.

I thank Dr. M. L. Kripke for her critical review of the manuscript, Dr. H. N.

Ananthaswamy for his help with the soft agar cultures, and Ms. Amy Casagrande for
technical assistance.
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FOURTH WORLD CONGRESS ON CANCERS OF THE SKIN

The Fourth World Congress on Cancers of the Skin, sponsored jointly by The Skin Cancer
Foundation and Memorial Sloan-Kettering Cancer Center, is scheduled to convene April
18-20, 1991, in New York City. The three-day international meeting will focus on recent
advances in medical research and current concepts in the diagnosis and management of cutane-

ous malignancies.

The first day of the Congress will be devoted to viral oncogenesis and skin cancer, including
sexually transmitted diseases and related malignancies. The second day’s program will be
concerned with malignant melanoma, and the final day will feature a series of round-table
workshops on basal cell and squamous cell carcinomas.

Program chairmen for the World Congress are Alfred W. Kopf, M.D., and Perry Robins,
M.D., members of the faculty of New York University School of Medicine. Co-chairmen are
Bijan Safai, MD, of Memorial Sloan-Kettering Cancer Center, and Philip Bailin, M.D., of the
C!eve.land Clinic Foundation. They will be joined by an international faculty of 46 medical and
scientific authorities representing more than 10 medical specialties.

Informatlop on registration may be obtained by writing to Memorial Sloan-Kettering Cancer
Center, Continuing Medical Education Office, Box 31, 1275 York Avenue, New York, N.Y.

10021. Tel: (212)639-6754.





