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A Role for Transforming Growth Factor- B1 in the Increased Pneumonitis in
Murine Allogeneic Bone Marrow Transplant Recipients With Graft-Versus-Host
Disease After Pulmonary Herpes Simplex Virus Type 1 Infection

By Heiko Adler, Janice L. Beland, Wende Kozlow, Nadia C. Del-Pan, Lester Kobzik, and llonna J. Rimm

To gain further insights in the pathogenesis of herpesvirus
pneumonia in allogeneic bone marrow transplant recipients,
transplanted mice (B10.BR — CBA) with graft-versus-host
disease (GVHD) and control mice (transplanted mice without
GVHD and normal CBA mice) were infected intranasally with
herpes simplex virus type 1 (HSV-1). When compared with
infected control mice, infected allogeneic transplant recipi-
ents with GVHD showed increased periluminal mononuclear
cellinfiltrates. However, infected allogeneic transplant recipi-
ents with GVHD showed lower virus content in the lung
tissue than infected control mice. High concentrations of
transforming growth factor-beta 1 (TGF-B1) were detected in
the bronchoalveolar lavage (BAL) fluid of mock-infected

allogeneic transplant recipients with GVHD, which increased
slightly after infection. Anti-TGF-f treatment of allogeneic
transplant recipients with GVHD significantly decreased the
histological evidence of pneumonitis at day 4 after HSV-1
infection. We conclude that allogeneic transplant recipients
with GVHD have (1) increased pneumonia, (2) highly ele-
vated levels of TGF-B1 in the BAL fluid, and (3) reduced
pulmonary virus content after HSV-1 infection. Our data
suggest that the newly recognized dysregulation of cytokine
(TGF-B1) production may be more important than the viral
load for the increased severity of HSV-1 pneumonia in
allogeneic transplant recipients with GVHD.

© 1998 by The American Society of Hematology.

LLOGENEIC BONE MARROW transplantation (BMT) HSV-1 infection? Second, is there a correlation between the

has become an important treatment for a number ofseverity of HSV-1-induced pneumonitis and the pulmonary
hematologic, malignant, and genetic disorders. Late infectiouyiral titer? Finally, are there differences in the pulmonary
complications are the leading cause of nonrelapse death, arithmune response after HSV-1 infection with regard to inflam-
they are often associated with the presence of graft-versus-hostatory cell influx and cytokines between allogeneic BMT
disease (GVHD}:2A recent study showed that viruses, particu- recipients with and without GVHD?
larly herpesviruses including cytomegalovirus (CMV) and Previous murine studies of posttransplant viral infections
herpes simplex virus type 1 (HSV-1), caused 37% of latewere performed in the early period after BMT rather than after
infections after allogeneic BMIThe lung was one of the most engraftment® Because the current clinical problem is infection

common single organ sites of life-threatening infections, accountftér engraftment, mice were infected intranasally with HSV-1
ing for 22.8% of the localized infectiors. at 12 weeks after BMT across minor histocompatibility differ-

Our new model of HSV-1 pneumortiaallows a direct ences® The number of T cells injected into recipient mice was

comparison of viral pneumonia in normal and immunocompro-chosen to produce a mild GVHD in the experimental group

mised (transplanted) animals. The HSV-1 system may be moré*llogeneic GVHD) to determine the effects of mild GVHD on
useful for clinically related studies than the murine cytomegalo-HSV'l_'ndUCEd pneumonia. Rec'p'ef‘ts injected with T-cell-
virus (MCMV) model, because MCMV causes pneumonia onlydepleted bone_marrow only (Allogeneic No GVHD), as well as
in immunosuppressed, but not normal mié&ntigen-specific normal CBA mice, were used as controls. . .
humoral and cellular mechanisms and innate immunity may Our dgta show that, yvhen compared with control mice,
protect against HSV infectiof® Antibody-mediated protection allogeneic transplant recipients with GVHD had more severe

N . o . pneumonitis, reduced pulmonary influx of inflammatory cells,
in vivo may involve neutralization, antibody-dependent cellular - . ; . .

- : and antibody production after intranasal HSV-1 infection as
cytoxicity, and Fc receptor-dependent mechani&raellular

protective mechanisms against HSV include T-ceII—mediatedNe” as highly elevated levels of transforming growth factor-

cytokine release by CD4T cells and cytolysis of infected cells
by CD8" T cells®® Mediators of innate immunity include
macrophages and natural killer celi¥. For example, macro-
phages stimulated by interferon{IFN-vy) inhibit the replica-
tion of HSV-1 by the generation of nitric oxide (N@)?2
In contrast to the protective responses described abovx% )
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beta 1 (TGFB1) in the bronchoalveolar lavage (BAL) fluid. were determined as describkdsing a specific enzyme-linked immuno-
Unexpectedly, they also showed reduced pulmonary virusorbent assay (ELISAYP In all assays, samples and standards were run
content. Treatment with anti—-TGE-monoclonal antibody at least in duplicate. The quantitation of HSV-1-specific antibodies was
(MoAb) decreased the histological evidence of pneumonitis Performed by the method of Zollinger and Boslégo.

Therefore, dysregulated cytokine production may be more Cytokine dgtermlnatlons.LeveIs of IFN+y, IL-.2, IL-4, IL-.10, IL-5,

. . . . tumor necrosis factoe- (TNF-a), and TGFB in BAL fluids were
important than the cytopathic effects of the virus in the

d | f HSV-1 L I . | determined by ELISA. Except for TGB; all measurements were
ev_e_opmen_t 0 -1 pneumonia in allogeneic transp antperformed using recombinant cytokine standards, and “pairs” of
recipients with GVHD.

capture and peroxidase-conjugated secondary antibodies, all purchased
from Pharmingen (San Diego, CA), were used according to the protocol
MATERIALS AND METHODS supplied by Pharmingen. The plates were developed using avidin-
Mice and BMT. Female CBA/J (H® and B10.BR (H5) mice were ~ peroxidase and 2/2Azino-bis (3-ethylbenzthiazoline-6-sulfonic acid)
purchased from The Jackson Laboratories (Bar Harbor, ME), and BMT(ABTS) substrate (Sigma Chemical Co, St Louis, MO), and read at 405
was performed between the ages of 10 to 14 weeks. Bone marrow cell®m using an ELISA reader. The lower detection limit for all assays was
were obtained from the femurs and tibias of donor B10.BR mice, and100 pg/mL. In some cases, BAL fluids were tested after approximately
transplanted into B10.BR recipients as syngeneic transplant controlb-fold concentration by using Centricon-10 concentrators (Amicon,
After T-cell depletion by treatment with anti-Thy1.2 and complement Beverly, MA). Total TGF81 in BAL fluids was assayed using a
(Accurate Chemicals & Scientific Corp, Westbury, NY)x510° bone previously described capture ELISABriefly, 96-well microtiterplates
marrow cells alone or mixed with 4 10° nylon wool nonadherent were coated overnight at 4°C with polyclonal chicken-anti-Ti&lF-
donor splenic T cells were resuspended in Leibovitz’s L-15 mediumantibody R & D Systems, Minneapolis, MN), and then blocked for 2
(Life Technologies, Grand Island, NY) and transplanted into CBA hours at room temperature with 10% BSA Diluent/Blocking Solution
recipients via tail vein infusion (0.5 mL total volume per mouse). Before Concentrate (Kirkegaard & Perry Laboratories Inc, Gaithersburg, MD).
transplantation, recipient mice received 11 Gy of total body irradiation After washing with phosphate-buffered saline containing 0.05% Tween
(137Cs source) delivered in two fractions separated by 3 hours to reduc@0, 50 UL of samples, or recombinant human TEFR & D Systems)
gastrointestinal toxicity. Mice were subsequently housed in sterilizedas standard were added to duplicate wells, followed by overnight
micro-isolator cages and received normal chow and autoclaved hypeincubation at 4°C. After washing, plates were incubated with a mouse
chlorinated water for the first 2 weeks after BMT and filtered water anti-TGFg1, 82, -83 MoAb (Genzyme, Cambridge, MA) for 45
thereafter. minutes at room temperature. After washing, plates were incubated with
Assessment of GVHD.The severity of GVHD was assessed by peroxidase-labeled goat anti-mouse IgG (Kirkegaard & Perry) for 30
following the weights of mice after BMT. Failure to gain weight has minutes at room temperature, washed again, developed usingZ-
been found to be a reliable indicator of systemic GVHD in this murine bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) substrate (Sigma),
model® Using the above described transplant parameters, a mildand read at 405 nm. This ELISA has been shown to be 10-fold more
GVHD was induced in allogeneic recipients transplanted with donorsensitive in measuring TGB-than the bioassay using mink lung
bone marrow and nylon wool nonadherent donor splenic T cells.epithelial cells2
Approximately 80% of the allogeneic transplanted mice with GVHD  Treatment of mice with anti~TGB-MoAb. Mouse anti-TGH31,
were available for infection at 12 weeks after BMT. At this time point -B2, -83 MoAb (Genzyme) was administered at a dose of 100 ug per
after BMT, the mice with GVHD showed a 20% weight loss due to injection intraperitoneally (IP) in a volume of 0.2 mL at day$, 1, and
GVHD as compared with the control mice. The mortality related to the 3.2%:22 Control mice were treated with the same amount of mouse IgG
BMT in this model occurred within the first 6 to 8 weeks after BMT: (Sigma). Mice were infected intranasally at day 0, and lung samples
beyond 8 weeks after BMT, little further mortality was observed. were prepared for histological examination at day 4 after infection.
Infection of mice. Mice were infected intranasally with 2.8 10° Statistical analyses. The Mann-Whitney test and the Student’s
plaque-forming units of HSV-1, strain KOS 1i1kindly provided by t-test (unpaired) were used for data analysis where appropriate. Group
Drs R. Finberg and J. Brubaker (Dana-Farber Cancer Institute, Bostorfifferences in the viral titer per lung over time after infection (see Fig
MA), as described. This viral dose caused pneumonitis without 3B) were analyzed by the Kruskal-Wallis tes- a nonparametric
mortality. The virus stocks were prepared as clarified lysates of infectedinalysis of variance (ANOVA).
Vero cells. Briefly, Vero cells were infected at a multiplicity of infection
of 0.1. After 72 hours, virus stocks were prepared, after removing the
supernatants, by two rounds of freezing and thawing of the infected cell RESULTS
pellets in culture medium. The clarified lysates were aliquoted and Increased periluminal mononuclear cell infiltrates in alloge-
stored at—80°C until used. Uninfected control stocks were prepared nejc transplant recipients with GVHD.Allogeneic trans-

from Vero cells in the same manner. The Vero cells and culture mediaplanted mice (B10.BR- CBA) with GVHD and, as controls
were screened and shown to be free of mycoplasma and endotoxin ' '

contamination.
Tissue sampling and flow cytometryBAL and preparation of lung
tissue for virus titration and histological examination were performed as

previously describeiBAL lymphocytes were stained for flow cytome- Fig 1. Allogeneic transplant recipients with GVHD showed in-
try and analyzed using CellQuest on a FACScan (Becton Dickinsongcreased pathology. Photomicrographs of lung sections stained with
Mountain View, CA) as described. hematoxylin and eosin show evidence of increased pathology in

Virus titration and histology. Viral titers in lung tissue were infected allogeneic GVHD mice. (A) Normal CBA, mock-infected,
determined by standard plaque assay on Vero cells as deséribed‘?”gmal magnification x 25; (B) normal CBA, mock-infected, original

Sections for histopathologic examination were prepared as dest‘ribedIrnagnificaltion x 100; (€) normal CBA, infected, original magnification x
P 9 prep 40; (D) normal CBA, infected, original magnification x 100; (E) allogeneic

ar_‘d analyzed_ and SCOVGF’ microscopically in a blind study on COdeQSVHD, mock-infected, original magnification x 10; (F) allogeneic GVHD,
slides as previously describédl. mock-infected, original magnification x 75; (G) allogeneic GVHD, in-

Determination of HSV-1-specific antibodieddSV-1-specific IgG1  fected, original magnification x 10; (H) allogeneic GVHD, infected, original
and 1gG2a antibodies in BAL samples of mice 14 days after infectionmagnification x 100.
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Fig 2. Allogeneic transplant recipients with GVHD showed increase of periluminal mononuclear infiltrates. The pathology scores of
mock-infected mice and mice 7 days after intranasal HSV-1 infection were determined. Data represent means = SE of individual mice, derived
from at least two separate experiments. Numbers of mock-infected mice were: 11 (normal CBA), 9 (allogeneic GVHD), 6 (allogeneic No GVHD),
and 2 (syngeneic). Numbers of infected mice were: 17 (normal CBA), 13 (allogeneic GVHD), 8 (allogeneic No GVHD), and 4 (syngeneic). The
asterisks indicate a significant difference from both normal CBA and allogeneic No GVHD (P = .05; Student’s t-test).

allogeneic transplanted mice without GVHD and syngeneicStudent's-test) in allogeneic transplant recipients with GVHD,
transplanted mice (B10.BR> B10.BR) were infected intrana- when compared with control mice (Fig 2). The periluminal
sally with HSV-1 at 12 weeks after transplantation. As an histopathologic scores were also higher in allogeneic transplant
additional control, age-matched normal CBA mice were in-recipients with GVHD, when compared with normal CBA mice,
fected as well. Histological examination of lungs was per-at days 4, 10, and 14 after infection (data not shown). No
formed in mock-infected mice and in mice at day 7 after significant differences were observed in the scores reflecting the
infection. Allogeneic transplant recipients with GVHD showed parenchymal histopathologic changes (data not shown). Be-
increased pathology (Fig 1). Scores reflecting the periluminakcause the results in syngeneic transplanted mice were very
histopathologic changes were significantly highBr = .05; similar to those in allogeneic transplanted mice without GVHD,
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Fig 3. Allogeneic transplant recipients with GVHD showed less pulmonary virus content. Viral titers in the lungs were determined by plaque
assay at day 4 (A) and at the indicated time points (B) after intranasal HSV-1 infection. Data represent means + SE of individual mice, derived
from at least two separate experiments. Numbers of mice in (A) were: 7 (normal CBA), 5 (allogeneic GVHD), and 3 (allogeneic No GVHD).
Numbers of mice in (B) were: 3, 3, 3, 3, 7, and 6 (normal CBA; 3 hours, Days 1, 2, 3, 4, and 7, respectively); and 4, 5, 3, 5, 5, and 3 (allogeneic GVHD;
3 hours, Days 1, 2, 3, 4, and 7, respectively). The asterisk in (A) indicates a significant difference from both normal CBA and allogeneic No GVHD
(P < .04, Student’s t-test). The difference between normal CBA and allogeneic GVHD (B) was significant (P = .0037 using the Kruskal-Wallis test, a
nonparametric ANOVA).
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the latter, which are the most appropriate control for procedura’ g
effects and for the effect of GVHD, and normal CBA mice, were 607cp3 60
used as controls in further experiments.

Allogeneic transplant recipients with GVHD showed lower
pulmonary virus burden. Because infected allogeneic trans-
plant recipients with GVHD displayed more severe pulmonary
pathology when compared with allogeneic transplant recipients
without GVHD, higher pulmonary viral titers were expected in
mice with GVHD. However, somewhat surprisingly, allogeneic
transplant recipients with GVHD had significantlp & .04;
Student'st-test) less pulmonary virus content than both control
groups at day 4 after infection (Fig 3A). Kinetic studies
comparing allogeneic transplant recipients with GVHD and l:—
normal CBA mice showed that allogeneic transplant recipients @ 4o 401
with GVHD had lower pulmonary virus content than normal
CBA mice at all time points (Fig 3B). The difference in viral
titer per lung over time after infection between normal CBA
mice and allogeneic transplant recipients with GVHD was
significant @ = .0037 using nonparametric ANOVA). The virus
was cleared from the lungs in all groups of mice at day 7 after
infection.

Reduced influx of lymphocytes to the lungs in allogeneic
transplant recipients with GVHD. Intranasal infection with
HSV-1 led to a pronounced increase in the BAL lymphocyte
number at day 7 after infection (Fig 4). In all groups of both
mock-infected and infected mice, we observed a dominance ¢
CD3" T cells. The vast majority of the cells wesd TCR*;
only very low numbers ofy/d TCR" cells were detected (data
not shown). In mock-infected mice, we found higher numbers " Normal Allogeneic Allogeneic % Normal Allogeneic Allogeneic
of CD4 than CD8 cells. After infection, the CD4/CD8 ratio in CBA  GVHD NoGVHD CBA  GVHD NoGVHD
infected control mice changed to 1:3. However, in allogeneic
transplant recipients with GVHD, the corresponding ratio was Mock-Infected Infected
only 1:1 (Fig 4).

This result suggested a selective deficit in the influx of €D8 f':ig 4. ) _C':ari‘cge”z?‘“on Ogthe_'ym’;hgcyte S;’tbserti” the ﬁAhg\U/i‘i
T cells 10 the lungs of allogeneic transplant recipients. with ', TecKiEcted mice ang i 7 daye sfter el S
GVHD. When expressed as a multiple of cells in infected versusercentage determined by fluorescence-activated cell sorter (FACS)
mock-infected mice, the increase in the total lymphocyteanalysis. Data represent means + SE of individual or pooled BAL
number in the control mice was between 24- to 36-fold (Fig samples, derived from at least two separate experiments. Numbers

f f mock-infected mice were: 12 (normal CBA), 12 (allogeneic GVHD),
A), and in the CD8 T-cell number, between 195- fold ©
5A), and in the CD8 T-cell number, between 195- to 355-fold and 6 (allogeneic No GVHD). Numbers of infected mice were: 17

(Fig 5B). However, allogeneic transplant recipients with GVHD (normal CBA), 13 (allogeneic GVHD), and 8 (allogeneic No GVHD). The
showed only a 7-fold increase of total lymphocytes (Fig 5A), asterisks indicate a significant difference from both normal CBA and
and only a 39-fold increase of CD cells (Fig 5B) P < .04; allogeneic No GVHD (P < .02; Student’s t-test).

Student'd-test).

Reduced production of HSV-1-specific antibodies in alloge-induced after pulmonary radiation inj#fyas well as during
neic transplant recipients with GVHD. Because a humoral pulmonary GVHD? Interestingly, both mock-infected as well
immune response may also be important in HSV-1 infection, as infected allogeneic transplant recipients with GVHD showed
we determined HSV-1-specific IgG1 and IgG2a, the lattermarkedly elevated levels of BAL-fluid TGB1, when com-
isotype being predominantly induced during viral infecti8hs, pared with control mice (Fig 7). Mice transplanted with higher
in BAL fluids of infected mice. Allogeneic transplant recipients T-cell numbers, and therefore increased GVHD, showed further
with GVHD produced significantly less antibodies of the IgG2a elevated levels of TGR1 in the BAL fluid (data not shown).
subclass, when compared with infected control meJ(.04; Elevated levels of TGIB1 were not detected in the sera (data
Student’'d-test) (Fig 6). not shown). Additional cytokines assayed were HyNH.-2,

Increased levels of TGB4 in allogeneic transplant recipi- IL-4, IL-5, TNF-a, and IL-10. Only IFNy was readily detect-
ents with GVHD. Because cytokines are involved in the able in BAL fluids of normal CBA mice at days 4 and 7 after
pathogenesis of viral lung infectiotfsas well as in the infection. None of the other cytokines could be detected in BAL
pathophysiology of GVHDB? we determined cytokine levels in  fluids using ELISA, even after concentration of the samples
BAL fluid of mock-infected mice, and at an early (day 4) as well (data not shown). However, cytokine levels in BAL fluid
as late (day 14) time point after infection. T@A-and TNFe represent the excess after consumption or degrad&tard the
were measured, because these cytokines have been shown todygokine levels may be below the detection limit of ELISA.
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Fig 5. Allogeneic transplant recipients with GVHD showed a reduced pulmonary influx of lymphocytes. BAL cell numbers of mock-infected
mice and mice 7 days after intranasal HSV-1 infection were determined. (A) Total lymphocytes recovered by BAL. (B) CD8* T cells recovered by
BAL. Numbers are expressed as the multiple of the cells recovered in infected versus mock-infected mice. The numbers were calculated from the
percentages determined by FACS analysis. Data represent means = SE of individual or pooled BAL samples, derived from at least two separate
experiments. Numbers of mice were as shown in Fig 4. The asterisks indicate a significant difference from both normal CBA and allogeneic No
GVHD (P < .04; Student’s t-test). The error bar for the allogeneic no GVHD group in (B) falls within the symbol.

Treatment with anti-TGEBMoAb decreased the histological the induction of cytokiné8 capable of affecting the immune
evidence of pneumonitis in infected allogeneic transplantresponse to a subsequent infection, a murine BMT system
recipients with GVHD. Because highly elevated levels of involving irradiation is closer to the clinical setting. In this
TGFB1 were measured in the BAL fluid of allogeneic trans- study, mice were infected at 12 weeks after transplantation,
plant recipients with GVHD, we hypothesized that TBE-  which is more appropriate for the clinical problem of late
might be involved in the pathogenesis of HSV-1-inducedinfection.
pneumonia in allogeneic transplant recipients with GVHD. To The results clearly showed that the increased pneumonitis
test this hypothesis, infected allogeneic transplant recipientsvas due to GVHD, because allogeneic transplant recipients
with GVHD were treated with anti-TGB- MoAb, or as a  without GVHD, which also received irradiation, showed less
control, with mouse IgG. Treatment with anti-T@FMoAb pneumonitis than mice with GVHD. Viral inoculation after
significantly decreased the histological evidence of pneumonitisillogeneic BMT resulted in an exacerbation of both viral
(Fig 8). We did not observe changes in the pulmonary viral titerinfection and GVHD?831-3¢ However, mice with the more
or in the number and composition of the cells recovered by BALsevere pneumonitis (allogeneic GVHD) had lower pulmonary
after treatment with anti-TGB-MoAb (data not shown). virus content, when compared with control mice (allogeneic no
GVHD, normal CBA). Therefore, the data suggested that the
histopathology, rather than the viral titer, is the more important

In this study, intranasal HSV-1 infection of murine BMT endpoint. We showed in our previous study that the histopathol-
recipients was used to gain insights in the pathogenesis obgy correlated with lung compliance, a parameter of in vivo
HSV-1-induced pneumonitis in allogeneic transplant recipientsglobal lung functiort.

The key findings were that (1) allogeneic transplant recipients Previously published data suggested that pulmonary pathol-
with GVHD showed more severe pneumonitis, when comparedgy and viral titer may not be correlated. Shanley &t aave

with allogeneic transplant recipients without GVHD or normal found higher viral titers in the lungs of allogeneic transplanted
CBA mice; (2) allogeneic transplant recipients with GVHD mice, when compared with syngeneic recipients, after infection
showed less pulmonary virus than the control mice; and (3)with murine CMV. In that study, mice were infected subcutane-
allogeneic transplant recipients with GVHD showed highly ously early (14 days) after BMT, and viral titers in the lung were
elevated levels of TGBL in the BAL fluid. Treatment with  determined 14 days after infection. The difference between the
anti—TGFg significantly decreased the histological evidence of two studies might be due to the different time point of infection
pneumonitis. after BMT (14 daysr 12 weeks), to the different virus and route

Our studies were designed to model pneumonia in a clinicabf infection used, or to differences in the immune response to
BMT unit. Previous studies of viral infection after BMT MCMV as opposed to HSV-1. The presence or absence of lung
predominantly used the Parent into F1 model, combined withdisease was not investigated in that study. However, Grundy et
virus inoculation in the immediate peritransplant ped&él  alf® showed that pulmonary disease did not correlate with the
These Parent into F1 models did not involve irradiafi&#. level of MCMV replication in the lung after IP infection of mice
Because patients receive total body irradiation, accompanied bwith GVHD in the Parent into F1 model. The lack of correlation

DISCUSSION
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A TGF1 levels. TGFB is a pleiotropic cytokine and can exert
both immunosuppressive and proinflammatory efféttSor
100 example, TGR3 inhibits lymphocyte proliferatio”® sup-
IgG1 presses human immunodeficiency virus expression and replica-
tion in infected cell$¢ induces apoptosi®,downregulates NO
production3® and is involved in fibrotic disorders of the lung by
10 its ability to upregulate collagen expressi8riThus, TGFB
might be responsible for the decreased BAL lymphocyte
number by interfering with lymphocyte proliferation and/or
influx. By its immunosuppressive effects, T@Amay enhance
susceptibility to lung infection¥. TGF83 may account for the
lower pulmonary virus content observed in allogeneic trans-
plant recipients with GVHD by inhibiting proliferation of lung
epithelial cells, a HSV-1 replication sit&/° or by causing
apoptosis of epithelial cells. TGB-may be involved in the
apoptosis of epithelial cells which is induced during GVRB!
Furthermore, TGR is involved in the late fibroproliferative
B phase of the idiopathic pneumonia syndrome, predominantly in
patients with chronic GVHD? We did not observe changes in
the pulmonary viral titer and in the BAL cell number after
treatment with anti-TGB MoAb, possibly due to the particu-
lar dose of antibody and time point studied in our experiments.
10 ~ * This is the first report of a role of TGB4 in the pathogenesis
of HSV-1-induced pneumonia in allogeneic transplant recipi-
ents with GVHD. Interestingly, TGB- was shown to be
involved in intestinal GVHD* The BAL fluid TGF$1 levels
14 increased slightly after i.n. infection in allogeneic transplant
recipients with GVHD. In contrast, TGB1 was induced after
intranasal infection of normal mice, in agreement with the
report of the generation of TGB-after IP lymphocytic chorio-
01 " Normal CBA Allogeneic  Allogeneic meningi_tis virus infection of micé‘!v“? .
GVHD No GVHD If the immune response is more important than the viral load,
curative therapy for posttransplant viral infections may include
g FigdGH Cllogene_ifC_ tran_sg)lf;nt recciipier_\ts V:tf\v (13VHD _?_holwecli rAG- the modulation of immune functions. The specific inhibition of
e e D oo e 2uicy medialors of he immune response, which may be produce i
14 days after intranasal HSV-1 infection. Data represent means + SE excess in response to a given infection and during GVHD,
of individual or pooled BAL samples, derived from at least two might be an effective treatment for posttransplant infection.
separate experiments. Numbers of mice were: 5 (normal CBA), 4 Consistent with this hypothesis, we could show that anti—

(allogeneic GVHD), and 10 (allogeneic no GVHD). The asterisks ¥ . . . )
indicate a significant difference from both normal CBA and allogeneic TGF3 treatment decreased the histological evidence of pneu

no GVHD (P < .04; Student’s t-test) for IgG2a, and a significant monitis.

difference from normal CBA (P < .02; Student’s t-test) for IgG1. TGF{ downregulates N& which is produced during
GVHD* and HSV-1-induced pneumonitisConsequently,
whereas elevated levels of nitrite/nitrate in BAL fluids of

between the _exten_t of _pn_eumonltls and pglmonary v!ral titers Ininfected normal mice were detected after intranasal HSV-1
MCMV lung infection is in agreement with our earlier wérk

and with the results of our current study in HSV—1—inducedmfe.CF'0n’ no Increase was observed n glloggnelc transplant
pneumonitis. recipients with GVHD. This absence of nitrite/nitrate elevation

The result that allogeneic transplant recipients with GvHD May be due to the high TGB4 concentrations in the BAL fluid
showed more severe pneumonitis in the presence of less virdf these animals. Thus, inhibition of NO production suppressed
suggested that alterations in the immune response of allogeneftiStological evidence of HSV-1-induced pneumonia in normal
transplant recipients with GVHD to HSV-1 infection may be mice, but not in allogeneic transplant recipients with GVHD.
more important for the development of pneumonitis than directBecause TG downregulates NO production, inhibition of
viral cytocidal effects. In particular, we hypothesized that anTGF may lead to an enhanced generation of NO. Therefore,
impaired cytokine production may be involved. Inappropriatein allogeneic transplant recipients with GVHD, a combined
production of cytokines may play an important role in the treatment with inhibitors of both TGB-and NO may be more
induction and progression of GVHB. effective than anti-TGB-alone.

Indeed, the second major finding was that allogeneic trans- In conclusion, we showed that allogeneic transplant recipi-
plant recipients with GVHD had highly elevated BAL fluid ents with GVHD developed more severe pneumonitis after
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Fig 7. Allogeneic transplant recipients with GVHD showed increased levels of TGF-B1 in the BAL fluid. Total TGF-B1 was determined by
ELISA. Data represent means = SE of individual or pooled BAL samples, derived from at least two separate experiments. Numbers of mice were:
Day 0: 8, 9, and 7; Day 4: 6, 4, and 6; Day 14: 6, 4, and 10; for normal CBA, allogeneic GVHD, and allogeneic no GVHD, respectively. BAL fluids of
mock-infected mice were collected at several time points after mock infection. Because we observed no differences in the TGF-B1 levels at
different time points after mock infection, the data are presented together. The asterisks indicate a significant difference from both normal CBA
and allogeneic no GVHD (P < .05; Student’s t-test).

intranasal HSV-1 infection than control mice without GVHD, ACKNOWLEDGMENT
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development of pneumonitis than the pulmonary viral load.M. Prabhu Das for the help in establishing the TGFELISA.

Consistent with this hypothesis, we could show that anti—
TGF treatment decreased the histological evidence of pneu-
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