IFN-y and CD8" T Cells Restore Host Defenses Against
Pneumocystis cariniin Mice Depleted of CD4" T Cells?
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Host defenses against infection are profoundly compromised in HIV-infected hosts due to progressive depletion of CDZ&
lymphocytes and defective cell-mediated immunity. Although recent advances in antiretroviral therapy can dramatically lower
HIV viral load, blood CD4 * T lymphocytes are not restored to normal levels. Therefore, we investigated mechanisms of host
defense other than those involving CD# T lymphocytes against a common HIV-related opportunistic infection,Pneumocystis
carinii (PC) pneumonia. Using CD4-depleted mice, which are permissive for chronic PC infection, we show that up-regulation of
murine IFN- y by gene transfer into the lung tissue results in clearance of PC from the lungs in the absence of CD#ymphocytes.
This resolution of infection was associated with a>4-fold increase in recruited CD8" T lymphocytes and NK cells into the lungs.
The role of CD8* T cells as effector cells in this model was further confirmed by a lack of an effect of IFNy gene transfer inscid
mice or mice depleted of both CD4 and CD8" T cells. Cytokine mRNA analysis revealed that recruited, lung-derived CD8 T
cells had greater expression of IFNy message in animals treated with the IFNy gene. These results indicate that CD8 T cells
are capable of clearing PC pneumonia in the absence of CD4T cells and that this host defense function of CD8 T cells, as well
as their cytokine repertoire, can be up-regulated through cytokine gene transfer. The Journal of Immunology,1999, 162: 2890—
2894,

espite current strategies to treat HIV infection and its clearance of PC. However, previous studies from our group have
complications,Pneumocystis cariniifPC)® pneumonia  demonstrated that aerosolized, riIfNtan ameliorate PC infection
remains a common clinical problem. Although there is ain mice depleted of CD4 T lymphocytes (11). Based on these
clear relationship between CD4ymphocyte count and the risk of data, we postulated that in mice depleted of CDHcells using a
PC infection (1, 2), the role of mononuclear phagocytes, TD8 mAb, overexpression of IFN-in the lung might substitute for
cells, NK cells, and their secreted cytokines in host defense again€D4" T lymphocytes and mediate clearance of PC pneumonia.
this infection is far less clear. Since it remains unclear whether
highly active antiretroviral therapy will result in long-term im- Materials and Methods
mune reconstitution of patients with AIDS (3, 4), understandingAdenoviral construction
non-CD4.* Tcgll—dependent host defgnse mechanisms operative ) selectively overexpress IFM-in the lung, we constructed an E1-
opportunistic infections may be critical. Among CD4T cell-  deleted, replication-deficient adenovirus encoding the murineyEBNA
derived cytokines, IFNy s likely to play a key role in host defense (AdIFN) driven by the CMV immediate early promoter (12). The murine
against PC infection. Lymphocytes exposed to PC organisms (5) dFN-y cDNA (obtained from Dr. Opdenakker, Rega Institute of Catholieke
the major surface glycoprotein of PC (6) in vitro elaborate HN- UNVersity, Leuven, Belgium) was subcloned into pACCMV.PLA (0b-

: R tained from Robert Gerard, University of Texas Southwestern Medical
and lymphocytes recovered from HIV-infected individuals are de-center, Dallas, TX). AdIFN was generated by cotransfecting with pJM17
ficient in IFN-y production (7). Studies in IFN-receptor knock-  (obtained from Frank L. Graham, McMaster University, Hamilton, On-
out mice demonstrate that these mice are not permissive to passit&fio, Canada) into 293 cells. Isolated plaques were propagated in 293 cells,

acquisition of PC (8). Moreover, studies in IFNknockout mice and viral DNA was screened by Southern blot analysis. Production of
d (8) PN secreted IFNy by individual clones and in bronchoalveolar lavage fluid

(9), orin SC_'d mice reconstituted with splenocytes from IFAN- (BALF) was measured by ELISA (Genzyme, Cambridge, MA) with a sen-
knockout mice (10), demonstrate that IRNis not essential for  sitivity of 5 pg/ml (13). AdLuc (provided by Robert Gerard), which en-
codes the firefly luciferase gene in the E1 region, was used as a control
vector. Both viruses were propagated in 293 cells, purified by ultracentrif-
*Section of Pulmonary/Critical CaréGene Therapy Program, ariSection of He- ugation over a CsCl gradient, and titered by a plaque assay on 293 cells as
matology/Oncology, Louisiana State University Medical Center School of Medicine, yascribed previously (14). Viral stocks contained replication-compe-
New Orleans, LA 70112 tent adenovirus per I(laque-forming units (PFU) (as determined by a
Received for publication September 1, 1998. Accepted for publication Novembeidack of cytopathic effect on A549 cells, at a multiplicity of infection of 10).
25, 1998. The particle:PFU ratio was<100:1, and virus stocks contained0.01
The costs of publication of this article were defrayed in part by the payment of pageh@/ml of endotoxin as determined by the QCL-100muluslysate assay
charges. This article must therefore be hereby maddertisemenin accordance  (BioWhittaker, Walkersville, MD).
with 18 U.S.C. Section 1734 solely to indicate this fact.

PC Inoculation

1This work was supported by National Institutes of Health Grants AA103841,
HL62052 (to J.K.K.) and HL59724, AAOBBA45 (to J.E.S.). The PC inoculum was prepared as previously described (15). Briefly, athy-

2 Address correspondence and reprint requests to Dr. Jay K. Kolls, Louisiana Stateic mice with PC pneumonia were injected with a lethal dose of pento-
University School of Medicine, Room 3205, 1901 Perdido Street, New Orleans, LAbarbital, and the lungs were aseptically removed and frozen for 30 min in

70112. E-mail address: jkolls@Isumc.edu 1 ml of PBS at—70°C. Frozen lungs were homogenized in 10 ml of PBS
3 Abbreviations used in this paper: PBneumocystis cariniiPFU, plaque-forming ~ (Model 80 Stomacher; Tekmar Instruments, Cincinnati, OH), filtered
unit; BALF, bronchoalveolar lavage fluid. through sterile gauze, and pelleted at 50@ for 10 min at 4°C. The pellet
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was resuspended in PBS, and a 1:4 dilution was stained with modifiegDynal, Lake Success, NY). Briefly, lavaged cells or cells derived from

Giemsa stain (Diff-Quik; Baxter, McGaw Park, IL). The number of PC hilar lymph nodes were pooled from three animals in each group, washed,
cysts was quantified microscopically (15), and the inoculum concentratiorcounted, and then incubated with the correct number of Dynabeads, fol-
was adjusted to 2 10° cysts/ml. Gram stains were performed on the lowing the manufacturer’s protocol. Cells and beads were mixed at 4°C for
inoculum to exclude contamination with bacteria. 20 min. Tubes were placed in a Dynal magnetic particle concentrator mag-
net for 2 min, and the supernatant was removed by pipetting. Remaining
cells and beads were washed twice more with RPMI 1640 and recovered by

Anti-CD4 Ab was prepared as previously described (15). Briefly, the hy_centrifugation. Beads were detached by resuspending the beads in de-
bridoma GK1.5, which produces a rat IggMab against murine CD4 (16), tactment buffer (2 parts human serumz2 parts 2% EDTA+ 1 part RPMI

was obtained from the American Type Culture Collection (Manassas, VA).1640) and gently shaklng_for 20 min at room temperature. D_etached C‘?”S
Harvesting of the Ab as ascites from pristane-primed, uninfected athymid/ere recovered after placing the tube in the magnet for 1 min. The purity
mice took place in the Monoclonal Ab Core Laboratory facility at Loui- Of thé CD8 T cell preparation was-98% from both BALF and node
siana State University Medical Center (LSUMC). The Ab was precipitatedSPeCimens as measured by flow cytometry. _ _

with an equal volume of saturated ammonium sulfate and dialyzed agains Transcripts for IFNy, IL-2, IL-4, IL-5, and B-actin were measured in
PBS overnight, and the IgG content was quantitated by cellulose aceta§\ese_cell preparations by semiquantitative RT-PCR analysis as previously
electrophoresis and densitometry. The Ab was stored78°C until use. e_scrlbed (22, 2_3)' Briefly, RNA was isolated by nyslné t8lls in Tri-zol ,

All lots of Ab contained<0.01 ng/ml of endotoxin as determined by the (Lifé Technologies/BRL, Gaithersburg, MD) following the manufacturer's
QCL-1000Limulus lysate assay. Heat denaturation of the Ab ablates itsProtocol. Reverse transcription was conducted inud@eactions with a

CD4-depleting capacity as well as its ability to modify lung host defensesfinal concentration of 500 pM random hexamer as primer, 1 mM dATP-

(17). YTS169.4, a depleting rat anti-CD8 mAb, was provided by Dr. Jim AGTP-dTTP, and 0.03 mM dCTP (all from Pharmaciaj, RCR buffer (50

Monoclonal Abs

Beck (University of Michigan, Ann Arbor, MI) (18). mM KCI, 25 mM MgCl,, and 10 mM Tris (pH 8.3)), 40 U RNasin (Pro-
mega, Madison, WI), 1 mM DTT, and 400 units Moloney murine leukemia
Adenoviral gene transfer in PC inoculation virus-reverse transcriptase. cDNA synthesis was quantified by electro-

e o phoresing a 3-ulL aliquot on a 6% polyacrylamide gel and exposing the gel
Recipient male, 7- to 8-wk-old BALB/c cscid mice were purchased from o 4 phosphorimager screen (Molecular Dynamics, Mountain View, CA).
Hilltop Laboratories (Gilroy, CA) and housed in pathogen-free conditions gynthesized cDNA mass was calculated using ImageQuant software (Mo-
in the LSUMC vivarium. BALB/c mice were treated with 0.3 mg of rat 19G  ecylar Dynamics) as previously described (22) and further assessed by the
or a depleting anti-CD4 Ab (GK1.5, ATCC no. TIB 207) i.p. and then apijity to amplify g-actin by PCR using actin-specific primers. After this
randomized to receive 2®FU of AdIFN or AdLuc intratracheally 3 days analysis, equivalent masses of cDNA were analyzed by PCR using gene
later. Three days after adenovirus administration, animals were challengegecific primers (IFNy-A, 5'-AGCGGCTGACTGAACTCAGATTGTA
with 2 X 10° PC cysts intratracheally. Mice continued to receive rat IgG or g_3- IFN-y-B, 5-GTCACAGTTTTCAGCTGTATAGGG-3; IL-2-A, 5'-
GK1.5 weekly until sacrifice. We have previously shown that in BALB/c TGA’TGGAC(’:TACAGGAGCTCCTGAG-S IL-2-B, 5’-GAGTCAAAT
mice, weekly GK1.5 maintains a continued state>&f7% CD4-depletion  cCAGAACATGCCGCAG-3: IL-4-A, 5'-CGAAGAACACCACAGAGA
in blood and lymphoid tissue for up to 14 wk (15). Mice were sacrificed at GTGAGCT-3: IL-4-B, 5'-GACTCATTCATGGTGCAGCTTATCG-3;
serial intervals up to 6 wkScidmice received identical gene transfer and || 5.7 5" ATGACTGTGCCTCTGTGCCTGGAGC-3IL-5-B, 5'-CTGT
PC inoculation and were sacrificed at 6 wk. For double depletion experiTTTTCCTGGAGTAAACTGGGG-3; B-actin-A, 5-TGGAATCCTGTG
ments, 7- to 8-wk-old BALB/c mice received 0.3 mg of GK1.5 and 0.5 Mg GCATCCATGAAAC-3'; B-actin-B, B-TAAAACGCAGCTCAGTAACA
of YTS169.4 or an equivalent amount of rat I9G i.p. 3 days before adenoGgTcCG-3). g-actin was coamplified in a parallel reaction to control for
viral-mediated gene transfer. Three days after adenovirus administratiopcr efficiency and cDNA integrity. After PCR, a }0-aliquot of the
animals were challenged with 2 10° PC cysts intratracheally. Mice con- reaction was electrophoresed on a 6% denaturing polyacrylamide gel. The
tinued to receive rat IgG or GK1.5/YTS 169.4 weekly until sacrifice at 6 4g| was dried, exposed, and analyzed on a Phosphorimager. Bands repre-

wk. Our laboratory has previously demonstrated that coadministration oenting the cytokine genes of interest were quantitated and normalized to
these Abs results ir95% depletion in both CD%4and CD8 T lympho- B-actin expression.

cytes for at least 6 wk (18).

Histology Statistical analysis

Data were analyzed using StatView Software (Carlsbad, CA). Differences

After a lethal dose of pentobarbital, mice were exsanguinated by aorti¢yey een means were analyzed by analysis of variance with Fisher's follow-

transection. The trachea was exposed through a midline incision and can- :
; ) .- “Up testing.
nulated with a polyethylene catheter. The lungs were fixed by administra-

tion of 10% neutral formalin to 20 cm J@. Paraffin-embedded sections esults
were stained with hematoxylin and eosin or Gomori-methenamine siIveuR . L
(GMS) and scored blindly for alveolar and perivascular inflammation andConstruction and pharmacokinetics of AdIFN

PC infection score, respectively, as previously described (19-21). Briefly; . :
tissue blocks were sectioned a4 thickness and stained with GMS. The To selectively overexpress IFjin the lung, we constructed an

extent of infection with PC was scored using a semiquantitative scale range1-deleted, replication-deficient adenovirgs encpding the murine
ing from 0 (no visible infection) to 4 (cysts throughout most alveolar re- IFN-y cDNA (AdIFN) driven by the CMV-immediate early pro-
gions). This method has been shown to correlate in a double-blind fashiomoter (12). When given intratracheally, this vector resulted in
with organism counts from homogenized lung tissue (18). dose-dependent levels of IFNin the BALF of rats (12) and mice.
FACS analysis Pilot experiments revealed that intratracheal inoculation 8fct0

At the time of sacrifice, cells from BALF were recovered by centrifugation 10° PFU _Of AdIFN into 6- to 8-wk-old BALEi/C micer( = 4/dose)

at 500% g, washed with sterile PBS, and resuspended &tals/ml. Cells resulted in peak levels of 1400 436 or 256+ 39 pg/ml of IFN-y
(50,000) were used for cytospins and stained with Diff-Quik. BALF cells in BALF 3 days after gene transfer. No IFNwas detected in the
were seeded at a density of 450,000 cells per well in a Limbro/TiterTekBALF of mice receiving vehicle or equal doses of AdLuc (data not
microtiter plate (Flow Laboratories, McLean, VA). Cells were incubated shown). However, the POPFU dose resulted in the strongest in-

with PBS or stained with FITC anti-mouse CD3e (145-2C11), phyco- . .
erythrin (PE) anti-mouse CD4 (RMd-4), PE-anti rat CD8a (53-6.7), Orductlon of class Il MHC (la) expression on alveolar macrophages,

respective isotype controls (all Abs from PharMingen, San Diego, CA).@nd thus, this dose was used for all subsequent experiments.
NK cells were detected by staining with Dx-5 (PharMingen, San Diego,BALB/c mice were randomized to receive °lBFU of AdIFN or

CA). A minimum of 5,000 double-labeled cells were analyzed on anAdLuc followed by PC inoculation 3 days after gene transfer. Ex-
E:;'ig;eflr'(t)?ncglr!;%tgré)??;'\f; d"_';?}'glaéh's(fal&zé:\'Onlymphocyte cells were b ession of IFNy was determined by ELISA in the BALF in both

’ CD4" and CD4 mice on days 4, 7, 14, and 28 after vector ad-
Cytokine mRNA analysis in CD8T cells by cDNA-equalized ministration. AdIFN-transduced animals had almost two orders of
RT-PCR magnitude greater IFN-levels in the BALF at day 4, 7, and 14

CD8" T cells were purified from both BALF and hilar lymph nodes at both (Fig. 1). As we have previously observed (23), the expression of
14 and 28 days after PC inoculation using murine-specific CD8 Dynabeadd=N-vy was prolonged in CD4-depleted mice, presumably due to a
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FIGURE 1. Male, 6- to 8-wk-old BALB/c mice were transduced with . - —e— AdLuc
10° PFU of AdIFN or AdLuc. Three days later, all mice were inoculated g120- ‘
intratracheally with PC, and mice were sacrificed at serial intervals. AdIFN T 1001
resulted in significantly higher IFN-levels in both CD4 and CD4- £ g0 .
depleted mice and more sustained levels in CD4-depleted mice, compared § P <0.05
with AdLuc-transduced controlsi(= 4-6). This is a representative ex- < 907
periment of three experiments. Data are meaSEM. f, 40
2 204
[+
% 0 T L} T T L} 1
reduced anti-adenoviral immune response in this group of animals 0 7 14 21 28 35 42

(23, 24). Small amounts of IFN-were detected in both CD4and Days

CD4-depleted (CD4) animals transduced with AdLuc (Fig. 1). In FIGURE 3. A, BALF CD3" and CD8 T cell populations. CD4-
CD4" animals that clear the infection over this time, IFRNevels depleted mice were transduced with AdIFN or AdLuc and then challenged
became undetectable by day 28. However, Hikemained ele-  Wwith PC as described iMaterials and MethodsAt serial intervals, CD3,

vated in AdLuc-transduced CD4-depleted animals coincident witH°P4", and CD8 BALF cells were analyzed and counted by flow cytom-
ongoing PC infection etry. No CD4'" cells were detected in BALF of either AdIFN- or AdLuc-

treated animals (data not show,. BALF NK cell counts in PC pneu-
Time course of PC infection monia. NK cell counts were determined in BALF at serial intervals by

) . ~gating on the lymphocyte population using forward and light scatter and
To determine whether IFN-overexpression enhanced resolution staining for DX-5 (a Pan-NK marker in mice). Data are meaiSEM. x,

of PC infection, mice were pretreated with®1BFU of AdIFN,  statistically significant compared with AdLuc controls & 3—4/time
AdLuc, or an equal volume of PBS intratracheally. Three dayspoint). This is a representative experiment of three experiments.
later, all mice were challenged with 2 10° PC cysts. Control
CD4-depleted mice developed progressive, severe infection after
inoculation of PC (Fig. 2, PBS data not shown). In contrast, CD4-
depleted mice that received the AdIFN vector followed by inocu-nificant increases in recruited NK cells in BALF of CD4-depleted
lation with PC showed moderate levels of PC infection during theanimals (Fig. 8). Approximately 45% of these NK cells were
first 2 wk, but then subsequently cleared the infection within 4—6CD3", which explains, in part, the discrepancy between the total
wk (Fig. 2). Both PBS- and AdLuc-treated animals showed similarCD3* and CD8" population (Fig. ). Increases in T cells and NK
levels of infection throughout the study (data not shown). cells in the BALF paralleled peribronchiolar and perivascular ac-
cumulations of lymphocytes as determined by blindly scored he-
Influx of CD8" T cells and NK cells matoxylin and eosin-stained lung sections, as previously described
Clearance of infection observed in CD4-depleted, AdIFN-treatedRefs. 15, 20, 25, and data not shown).
mice was associated with significant recruitment into lung of o )
CD3" T cells, which were principally of the CD8phenotype in Studies inscid mice; double-depletion of CD4and CD8" T
the BALF. (Fig. 3). Moreover, AdIFN treatment resulted in sig- C€llS
To determine whether recruited CDST cells associated with
AdIFN were effector cells in AdIFN-induced clearance of PC, we

3.5 o Adlu investigated AdIFN in 6- to 8-wk-9|d, malkecid mice, which lack
o 3 —— AdIEN both CD4" and CD8" T cells, or mice depleted of both CD4and
S 2.5 CD8" T cells (using mAbs). Mice were pretreated with®TRFU
'g 5 of AdIFN, AdLuc, or PBS 3 days before PC challenge. Mice were
2, ] . analyzed for intensity of PC infection at 6 wk. In bathid and
2 p<0.05 double-depleted mice, AdIFN did not enhance the clearance of PC
é b pneumonia (Fig. 4A and B), despite persistent expression of
0.51 IFN-v in the BALF at the 6-wk sacrifice point (data not shown).

o7 o DzaLs 2 3% 4 Cytokine profiles in lung CD8 T cells
FIGURE 2. AdIFN-mediated clearance of PC. Male BALB/c mice were Tq invest_igate whether AdIFN was influer].cing the lung/cytokine
CD4-depleted by i.p. administration of GK1.5 followed by transduction mlcroenVlronment, CD8 T cells were purified from BALF.and
with 10° PFU of AdIFN or AdLuc. Three days later, all mice were chal- Nilar lymph nodes at 14 and 28 days after PC inoculation and
lenged with 2x 10° PC cysts and sacrificed at serial intervals for organism analyzed for Cyto.klne MRNA expression. We focused our analysis
burden o = 6—8/time point). This is a representative experiment of threeon the Tc1l cytokines IL-2 and IFN; and the Tc2 cytokines IL-4

experiments. Data are mean SEM. and IL-5. Using cDNA-equalized PCR, we observed a significant
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Panel A Discussion

CD8" T cells are part of the inflammatory response to PC in pa-
- tients and experimental animals (26-28). Our laboratory has dem-
CDA4-/AdIFN onstrated that, in normal mice, there is an influx of both Ca#d
Il cD4-/AdLuc CD8" T cells, which parallels clearance of PC (26). Moreover,
B3 Scid/AdIFN resolution of PC pneumonia in corticosteroid-treated rats, where
Scid/AdLuc the steroid therapy is withdrawn, is associated with recruitment of
both CD4" and CD8" T cells into the lung (27). In CD4-depleted
mice, the predominant mononuclear cell in the lung is the CD8
cell (26). Despite an influx of these cells, CD4-depleted mice de-
velop progressive PC infection (26). However, administration of
both a depleting anti-CD4 and anti-CD8 Ab results in more intense
PC infection, suggesting that CDS8T cells are important in host
defense against PC (18).
Panel B Our results described in this paper suggest that CD8&ells
can be driven by the tissue cytokine milieu to migrate into infected
CD4-/AdIFN lung tissue and become effector cells in PC pneumonia. We ob-
B cp4-/AdLuc served significantly higher levels of IFNMRNA in CD8" T cells
B CD4-/CD8-/AdIFN from AdIFN-treated mice at both 2 and 4 wk after challenge with
CD4-/CD8-/AdLuc PC. This is not likely due to ade_nowral transductlc_)n of these_cells,
as these cells are not present in the lungs of mice at the time of
administration of the adenovirus. Moreover, PCR analysis for
” : CMV promoter sequences in these cells was negative (data not
% : 4 shown). The effector systems utilized by CD& cells in our
model remain unclear. Putative effector mechanisms of CD8
FIGURE 4. Lack of an effect of AdIFN inscid or CD4/CD8-depleted  cells include cytokine elaboration such as TNF-TNF-B8, or
mice. A, Male, 7- to 8-wk-old CD4-depleted mice acid mice on a  |FN-vy (29, 30) and cytotoxic effector molecules, such as perforin
BAL'B/c bac](grouqd were transdgced with AdIFN or AdLgc followed by or granzyme (30). CD8 T cells have recently been shown to have
PC m.o.CUIat'on' N.“Ce were S‘T’m”f'ced at 6 wk, and organism burden Wascytokine patterns analogous to Th1 and Th2 CD4cells, termed
quantified as outlined iMaterials and MethodsData are meart SEM. Tcl and Te2 (29, 30). It has also been demonstrated thige nai
(n = 6-8). B, Male, 7- to 8-wk-old CD4-depleted mice or CD4/CD8- et .
depleted mice were transduced with AdIFN or AdLuc followed by pc CD8" T cells can be induced into a Tc1 phenotype by Ii29).
inoculation. Mice were sacrificed at 6 wk, and organism burden was quanT hus, we postulate that overexpression of IffNa both normal
tified as outlined irMaterials and MethodsData are meart SEM. (0 = and CD4-depleted mice causesweaCD8" T cells in lung tissue
6-8). This is a representative experiment of two experiments. to adopt a Tcl-like cytokine profile, expressing IL-2 and IFN-
and that these cells are effector cells in vivo against PC infection.
Although we did not detect IL-2 mMRNA in analysis of CD8T
increase in IFNy mRNA in purified CD8 T cells in AdIFN-  cells at 2 and 4 wk after PC inoculation, IL-2 may only be ex-
treated, CD4-depleted mice at both 14 and 28 days after PC inpressed early at the time of initial Ag presentation (31, 32). Thus,
fection (Fig. 5). No IL-2, IL-4, or IL-5 MRNA expression was \ye are in the process of phenotyping cytokine profiles in CO8
detected in AdIFN-treated or control groups at either of these tWqsg|is at earlier time points in this model.
time points. Possible cytotoxic mechanisms include elaboration of perforin
or granzyme (33, 34) or an effect of CD&ells on other effector
cells, such as macrophages, which have been recently shown to be
* required for host defense against PC (35). lirlicreases TNF
production by rat alveolar macrophages exposed to PC in vitro
(36). Moreover, we have previously shown that in vivo neutral-
ization of both TNF and lymphotoxin abrogates host defense
against PC in normal mice as well as CD4-depleted mice (25).
Thus, these two mediators could be involved in the beneficial re-
sults we observed in this model. However, we saw no difference in
peak TNF levels in lung lavage fluid between AdIFN and control
animak 3 h after PC challenge, which is the time of peak alveolar
" <0.05 macrophage release of TNF in this model (Ref. 37, and data not
; - & ' shown). Recently, the roles of granzyme B and perforin have been
2 Week 4 investigated in another pulmonary pathogen in a mouse model of
tuberculosis (38). Although CD8T cells are critical to contain
FIGURE 5. Up-regulation of IFNy mRNA in lung CD8" T cells by gr6\th of Mycobacterium tuberculosig the mouse lung (39),
AdIFN. CD8" T cells were purified from BALF and hilar lymph nodes 2 growth was not affected in mice deficient in perforin or granzyme

and 4 wk after transduction with AdIFN or AdLuc. Expression of IFN- B (38). An | diff h is that h def .
mRNA was performed using cDNA-equalized RT-PCR. Data are ex- (38). An important difference, however, is that host defense in

pressed as relative Phosphorimager units and are from two groups oY!- tuberculosi_srelies on grangloma _formation (40, 41), WhiCh is
pooled mice i = 3 per group). This is a representative experiment of two NOt observed in PC pneumonia. While CD8 cells are required,
experiments. the clearance of PC by IFN-may be through a combined

PC Intensity Score
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iy
L
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CD8"/NK cell mechanism. Reconstitutedid mice with homozy-
gous disruption of the IFN+ gene ultimately clear an acute chal-
lenge with PC (10). Moreover, mice lacking the IRNeceptor are
not permissive to passive acquisition of PC (8). Thus, H-iself
does not appear to be critical for organism clearance in recon:
stitutedscidor CD4-replete mice. In a recent study by Rudmann
et al. (9), mice lacking both TNF receptor genes (TNFRI and
TNFRII), as well as the IFNy gene, developed severe PC infec-
tion despite the presence of CDZ lymphocytes. Taken together,
these data suggest that IFNis not essential for host defenses
against PC but is part of a cytokine response, which is critical for; ,
optimal host defenses. Moreover, our data suggest that/Ean
be used pharmacologically to increase host defenses and experi-
mental animals lacking CDAT lymphocytes. Our data are also in 44
agreement with a prior study that demonstrated efficacy of rJFN-
in an aerosol form, delivered to mice with established PC infection
(11). However, the mechanism through which INvorks when
delivered as an aerosol has not been demonstrated. In this study,
lung inflammation was reduced in the IFNtreated group (11),
however, it remains unclear if this was secondary to a decrease in
organism burden at the end of the course of HzN-

In conclusion, the combination of IFN-and CD8 T cells can
effectively eradicate PC pneumonia even in the absence of host

CD4" T cells. These data not only have implications for novel 22.
treatment strategies for PC pneumonia but also may apply to othezr3

opportunistic infections in HIV-infected hosts.
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