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CD4, a 55-kd ceU surface glycoprotein, binds to
class II major histocompatibility complex (MHC)
(Ia) antigens andfunctions as a coreceptorfor
the T ceUl antigen receptor (Tic43)-CD3 complex.
We have observed that critical elements of the T
ceU antigen multireceptor complex, including
Tiaf3, CD3, CD4, but not CD8, were diminished on
CD45RO+ pulmonary T lymphocytes but not
CD45RO+peripheral blood Tlymphocytes (PBL).
Epitopes mapping from the first (Dl) to the
fourth (D4) extracytoplasmic Ig-like domains of
CD4 were expressed to a lesser degree onpulmo-
nary TceUs than on PBL (P = 0.002). CD4 expres-
sion onpulmonary TceUs didnot increase after 72
hours ofex vivo culture in complete medium but
was restored toward control levels by stimulation
with phytohemagglutinin, anti-CD3, or interleu-
kin-2. CD4 mRNA isolatedfrom lung T ceUs and
PBL co-migrated on Northern blots and the total
levels ofCD4 mRNA were comparable, suggesting
that diminished CD4 expression by pulmonary T
ceUs might reflect a posttranscriptional change.
To determine whether CD4b1rigt T ceUs convert
with mitogen stimulation to CD4dim ceUs, PBLs
were stimulated with immobilized anti-CD3, anti-
CD4, or a molecularly engineered anti-CD3:CD4
bispecific monoclonal antibody and the ratio of
the CD4:CD3 mean fluorescence staining intensi-
ties was calculated at days 3 and 13. The CD4:CD3
ratio decreased primarily for ceUs stimulated
with anti-CD3:CD4, suggesting that co-ligation of
CD3 and CD4 is required for the generation of
CD4dim TceUs. We conclude that diminished Tia f
CD3:CD4 expression is a characteristic ofTceUs
in lung that is not shared by peripheral blood T

cells in vivo, and speculate that this change re-
flects T ceU activation in a milieu of limited
interleukin-2 availability. (Am J Pathol 1994,
145:1219-1227)

The T cell antigen receptor (Tiaf3)-CD3 receptor com-
plex plays a critical role in the recognition and re-
sponse of T lymphocytes to antigen. CD4 is a 55-kd
cell surface glycoprotein that binds to class 11 major
histocompatibility complex (MHC) antigens1 and
functions as part of the T cell antigen multireceptor
complex.2' 3 CD4 also binds to the gp12O envelope
protein of the human immunodeficiency virus (HIV)-1
and facilitates its entry into cells.46 In addition to its
role as a ligand receptor, CD4 plays a role in signal
transduction and T cell activation.7 12

The magnitude of CD4 surface membrane expres-
sion is subject to regulation at both transcriptional and
posttranscriptional levels. CD4 expression is sub-
stantially diminished on the surface membrane of T
lymphocytes after exposure to antigen-presenting
cells, infection with HIV-1, or incubation with phorbol
esters.1-16 Recently, we have observed that surface
membrane expression of the Tiaf-CD3:CD4 multi-
receptor is normally substantially less on human pul-
monary T lymphocytes than on peripheral blood T
cells. In this report, we describe how CD4 expression
may be regulated by mitogens and explore the pos-
sibility that co-ligation of CD3 and CD4 during acti-
vation and limited availability of interleukin (IL)-2 may
be required to generate CD4dim lymphocytes.

Materials and Methods
Preparation and Culture of Cells

Grossly normal appearing fresh lung tissue was har-
vested from 12 patients undergoing pulmonary lo-

Supported by National Institutes of Health grant HE48385.

Accepted for publication July 19, 1994.

Address reprint requests to Dr. Richard Kradin, Immunopathology
Unit Cox-5, Massachusetts General Hospital, Boston, MA 02114.

1219



1220 Marathias et al
AJP November 1994, Vol. 145, No. 5

bectomy or pneumonectomy for limited nonsmall cell
lung carcinoma. All patients had a greater than 20
pack-year history of cigarette consumption. A saline
bronchoalveolar lavage was performed on two pa-

tients with sarcoidosis, one with obstructive lung dis-
ease, and two normal volunteers; -100 ml of bron-
choalveolar lavage fluid was retrieved. Pulmonary T
lymphocytes were purified after enzymatic digestion
or mechanical disruption of lung tissue by sequential
isolymph density gradient centrifugation and adher-
ence to plastic and nylon wool column separation, as

previously reported from our laboratory.17 Pulmonary
lymphocytes were maintained in culture at 37 C for 72
hours in complete medium (RPMI 1640 [JRH Bio-
sciences, Lenexa, KS]; with 10% heat-inactivated hu-
man serum [Sigma Corp., St. Louis, MO], 2 mmol/L
L-glutamine, 1% penicillin-streptomycin, 50 pg/ml
gentamicin, and 5 mmol/L HEPES buffer [all GIBCO
BRL, Gaithersburg, MD]). In some experiments, T
cells were stimulated with recombinant human (rh)
IL-2 (100 U/ml; Cetus Corporation, Emeryville, CA), a

mitogenic murine anti-CD3 monoclonal antibody
(MAb) (12F6, 0.1 pg/ml; R. Colvin), PHA (5 pg/ml;
Sigma), phytohemagglutinin (PHA; 1 pg/ml), or rhlL-4
(100 U/ml; DNAX, Burlingame, CA). Peripheral blood
(20 ml) from the same patients was drawn into glass
tubes containing 3.8% acid citrate dextrose, mono-

nuclear cells were isolated on isolymph gradients,
and subsequent purification of T lymphocytes was

conducted as described above. In some experi-
ments, peripheral blood T lymphocytes (PBLs) were

exposed for up to 30 minutes to graded dilutions of
collagenase and/or DNAse (Worthington Co.) to de-
termine whether digestive enzymes affected surface
membrane antigen expression. Mitogen responses

were determined at 72 hours after pulsing the wells for
4 hours with 1 pCi/well of [3H]thymidine (specific ac-

tivity 81 Ci/mmol; DuPont/New England Nuclear, Bos-
ton, MA).
CD45RA+ cells (>90% purity) were isolated from

peripheral blood by subjecting citrated blood to
isolymph separation and then incubating the mono-

nuclear cells on tissue culture plates coated with anti-
CD45RO for two cycles of adherence, 45 minutes
each at room temperature. An aliquot of the nonad-
herent cells was stained with anti-CD45RA and FITC-
conjugated goat anti-mouse IgG to assess purity.
The surface membrane expression of CD4 on pul-

monary T lymphocytes of other species was also ex-

amined quantitatively by cytofluorimetry. C57/BL
mice (Charles River Laboratories, Wilmington, MA)
were sacrificed by nembutal overdose, the lungs and
spleens were mechanically disrupted, lymphocytes
were stained with rat anti-murine CD4 (GK1.5; Becton

Dickinson, San Jose, CA), and mean fluorescence
staining intensities were analyzed in a FACS 440, as
described below.

Immunofluorescent Staining and Analysis

CD4 surface membrane expression was examined by
direct and indirect immunostaining with a panel of
murine anti-human CD4 MAbs (Table 1). These in-
cluded Leu3a (Becton Dickinson), OKT4, OKT4B,
OKT4C, OKT4D, OKT4E, and OKT4F (Ortho Pharma-
ceutical Research Institute, Raritan, NJ). Sodium
azide (0.1%) was present during the staining proce-
dure. Fresh or cultured T cells (1 x 106 cells) were
incubated in 50 pl phosphate-buffered saline (PBS)
with 5 p1 of FITC-conjugated, phycoerythrin (PE)-
conjugated or unconjugated MAbs for 30 minutes at
4 C.

Cells treated with unconjugated MAbs were
stained with F(ab')2 goat anti-mouse IgG-FITC (1:40).
The stained cells were fixed in 2% paraformaldehyde/
PBS and stored in the dark at 4 C until analyzed. Fluo-
rescence controls included mouse IgGl-FITC,
IgG2a-PE, or F(ab')2 goat anti-mouse IgG-FITC (Bec-
ton Dickinson). T lymphocytes were electronically
gated based on their characteristic forward and (90°)
side light scatter and were detected by anti-CD3
(Leu4) staining. Fluorescence staining intensities
were analyzed in a Becton Dickinson FACS 440 cyt-
ofluorimeter equipped with a Consort-30 computer
system. Identical cytofluorimeter settings were used
for the analysis of pulmonary and peripheral blood
lymphocytes. Antigen density was assessed indi-
rectly by comparing the mean fluorescence intensi-
ties of the analyzed cells for each MAb using matched
staining techniques.

RNA Isolation and Northern Blot

Total cellular mRNA was isolated from fresh pulmo-
nary T lymphocytes and homologous blood T lym-

phocytes by acid guanidium thiocyanate-phenol-
chloroform extraction of 5 x 106 cells.18 The mRNA

Table 1. MAbs Used to Examine CD4 Expression

Putative Domain
Clone Source Isotype Binding Site30

Leu3a Mouse IgGl Dl
OKT4 Mouse IgG2b D4
OKT4B Mouse IgM D2
OKT4C Mouse IgG2a Dl + D2
OKT4D Mouse IgGl Dl
OKT4E Mouse IgGl Dl + D2
OKT4F Mouse IgGl Dl + D2
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was subjected to electrophoresis under denaturing
conditions in a 1% agarose/formamide gel and then
transferred to nitrocellulose filters. In other experi-
ments 10 pg of mRNA was applied to nitrocellulose
filters in a Bio-Rad slot blot apparatus. The filters were
baked, prehybridized, and hybridized to 32p cDNA
probes for human CD4 (gift of B. Seed) and 3-actin
(gift M. Vermeulen), exposed overnight to Kodak
X-OMAT film,19 and the autoradiographs were ana-
lyzed by gel densitometry.

Stimulation of T Cells

CD3 and CD4 surface membrane expression was ex-
amined after stimulation with anti-CD3 (12F6), OKT4,
or the molecularly engineered bispecific murine anti-
human CD3:CD4 (1 2F6:OKT4) MAb developed in our
laboratories.20 The MAbs were separately immobi-
lized on plastic dishes21 at predetermined optimal di-
lutions; -1 x 106 blood T cells were stimulated for 3
days and transferred to 24-well culture plates con-
taining complete medium but no added IL-2. The cul-
tured cells were harvested, washed twice in PBS, and
stained on days 3 and 13 with anti-CD3 (Leu4-FITC)
and anti-CD4 (Leu-3-PE) or with F(Ab')2 goat anti-
mouse Ig-FITC. Fluorescence staining intensities
were measured in a Becton Dickinson FACS 440 and
the ratio of the mean fluorescence staining intensities
of CD4:CD3 was calculated.

Statistics

Mean fluorescence staining intensities were com-
pared by paired t-test statistics.

Results

Surface Immune Phenotype of Pulmonary
T Cells

The surface membrane fluorescence staining inten-
sities of TiaI3 (anti-TCR, Becton Dickinson) and CD3
(Leu4; Becton Dickinson) antigens were significantly
diminished (P = 0.02 and P = 0.03, respectively) on
human pulmonary lymphocytes compared with PBL.
More than 90% of Tiaq3-CD31 pulmonary T lympho-
cytes also expressed CD45RO,17 a transmembrane
protein functionally associated with T cell activation
and the acquisition of immunological memory.22-26
The level of CD4 expression by pulmonary T lym-

phocytes was -25% that of homologous PBL (P <
0.001) (Figure 1). Diminished CD4 expression (Figure
2) was also observed for murine pulmonary lympho-
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Figure 1. CD4 expression bypulmonary and blood Tcells. Tcells iso-
lated from enzymatically digested lung, pulmonary infiltrating lym-
phocytes (PIL), BAL, and PBL were stained with anti-CD4 (Leu3a)-
FITC and analyzed by cytofluorimetry. Data represents the mean
fluorescence intensities ± SD.

cytes compared with splenic T cells (278 ± 35 versus
563 + 60, P = 0.001). By contrast, the CD8 surface
staining intensities of pulmonary T cells was compa-
rable to those of PBL in all species (data not shown).

Because digestive enzymes can decrease the ex-
pression of certain lymphocyte surface antigens,27 T
cells were also purified from human lungs by me-
chanical disruption and bronchoalveolar lavage
(BAL). In both cases, the CD4 staining intensities of
pulmonary lymphocytes were still significantly less
than those of homologous PBL (all P < 0.01) (Figures
1 and 3). In addition, when human PBL were exposed
to graded dilutions of collagenase and/or DNAse for
up to 30 minutes, they showed staining intensities for
TiaIg, CD3, and CD4 comparable to those of un-
treated PBL.
A putative epitope map of the human CD4 mole-

cule is shown in Figure 4.2830 Human pulmonary lym-
phocytes and PBL were stained with a panel of six
anti-CD4 MAbs to determine whether their expression
of all CD4 epitopes was diminished.31 Staining of the
OKT4, OKT4B, OKT4C, OKT4D, and OKT4E epitopes
of pulmonary T cells was decreased (range, 39 to
64%) from PBL (Figure 5), whereas the magnitude of
decreased OKT4F expression was small (-5%).

Regulation of CD4 Expression by
Pulmonary Lymphocytes

A variety of local factors in the lungs can suppress the
activities of T cells. We examined the possibility that
CD4 expression might be transiently down-regulated
in vivo by a factor within the lung but found that when
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Figure 2. Cytofluorimetric dot plots of human
T cells. PIL (A) and PBL (B) stained with anti-
CD4 (Leu3a-FITC) and anti-CD3 (Leu4-PE)
shows diminished CD4 staining intensities for
PIL. Murine PIL (C) and spleen (D) stained
with anti-CD4 (GK1.5-FITC) shows decreased
CD4 staining by PIL. Log Fluorescence Intensity CD4 Log Fluorescence Intensity CD4
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Figure 3. Effect of enzymatic digestion on CD4 surface expression of
blood lymphocytes. T cells isolatedfrom enzymatically digested lung
(dotted line), mechanically disrupted lung (dashed line), andpenph-
eral blood (solid line) were stained with anti-CD4 (Leu3a-FITC) and
analyzed by cytofluorimetry.

pulmonary lymphocytes were washed extensively
with saline, and cultured in complete medium for 72
hours, their CD4 surface membrane expression did
not increase.
The majority of pulmonary T cells are in G,JG1

phase of cell cycle and do not display IL-2 (TAC) re-
ceptors.17 We investigated whether mitogen stimu-
lation could augment CD4 surface membrane ex-
pression in vitro. Human pulmonary and blood
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Figure 4. Putative epitope mapping of CD4 antigen. The schematic
diagram of CD4 shows important structural features, including the
four Ig-like domains, Dl to D4 (three with intraloop disulfide bonds),
the transmembrane (TM) portion, the intracytoplasmic tail (CY7),
and the mapping ofMAbs to specific domains.

lymphocytes were stimulated with PHA (5 pg/ml), anti-
CD3 (0.1 pg/ml), rhlL-2 (100 p/ml) (Cetus Corpora-
tion), or rhlL-4 (100 p/ml) (DNAX) for up to 72 hours
and CD4 surface membrane staining intensities were
monitored by cytofluorimetry. With the exception of
IL-4, which proved to be a weak mitogen for both
blood and pulmonary T cells, as judged by [3H]thy-
midine incorporation (data not shown), each of the
other mitogens yielded a marked increase in the CD4
surface staining intensity on pulmonary T lympho-
cytes (Figure 6). However, CD4 surface membrane
expression by PBL was not increased further by mi-
togen stimulation.
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Figure 5. Cell surface immune staining ofPBL and PIL with a panel
of murine MAbs that react with human CD4. Lymphocytes from en-
zymatically digested lung or blood were stained with the OKT4 panel
of murine MAbs that react with epitopes distributed along the CD4
molecule. PBL, solid bars; PIL, shaded bars. Percentage of decrease of
control staining intensities are shown.
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d in (a) complete medium, (b) rhIL-2 (100 Cetus) Ulm, (c)
(12F6, 0.1 pg/ml), and (d) PHA (5 pg/ml) for up to 3 days

vith anti-CD4 on day 0 (before incubation) and day 3 and
by cytofluorimetry. The fluorescence staining intensities

ipared with those offreshly isolated PBL. Incubation ofPBL
m or with mitogens had little effect on CD4 staining inten-
IV 3 (data not shown).-

ume of dividing T cells was examined. Forward light
scatter, which approximates Coulter cell volume,32
was slightly increased after mitogen stimulation, but
this change in cell size accounted for only -25% of
the observed increase in CD4 expression.

Functional Analysis

We next examined whether CD4+ cells from the lung
were functionally distinct from CD4+ cells in the pe-
ripheral blood. CD4+ lymphocytes were purified from
lung and blood by sequential nylon wool separation
and complement lysis with OKT8 (Ortho Pharmaceu-
ticals). The resulting cells were more than 90% CD4+.
The cells were next incubated with either IL-2 (100
Cetus U/ml), PHA (1 pg/mI), or anti-CD3 (1 pg/ml) for
72 hours. The results shown in Figure 7 show that
CD4+ cells from the lung can respond to mitogens,
however, the magnitude of their responses to PHA
and anti-CD3 stimulation was diminished compared
with CD4+ blood lymphocytes.

CD4 mRNA Levels

Decreased CD4 surface membrane expression by
pulmonary T cells in vivo may be due to either dimin-
ished CD4 mRNa transcription or posttranscriptional
changes. When examined by Northern blotting, CD4
mRNA isolated from freshly harvested pulmonary
lymphocytes, pulmonary lymphocytes stimulated
with IL-2, and blood lymphocytes all co-migrated at
-3000 kb. The total level of CD4 mRNA from freshly
harvested pulmonary lymphocytes was 1.5- to 3-fold
greater than that of purified CD4+ PBL, as judged by
gel densitometry (Figure 8), suggesting that dimin-
ished CD4 surface expression could not be ac-
counted for by decreased CD4 mRNA transcription.
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Figure 7. Mitogen responses of CD4+ blood and lung lymphocytes.
CD4+ blood and lung lymphocytes were purified (>90%) by sequen-
tial treatment with nylon wool and OKT8 and complement-mediated
lysis. The purified lymphocytes were incubated in rhIL-2 (100 Cetus
Ulml) anti-CD3 (12F6, 0.1 pig/mb), or PHA (1 yig/mb) for 3 days and
PHIthymidine incorporation uas determined after a 6-hour pulse.
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Figure 8. Slot-blot analysis of CD4 mRNA from lung and blood lym-
phocytes. Total cellular mRNA was isolated from fresh pulmonary T
lymphocytes and homologous blood T lymphocytes by acid gua-
nidium thiocyanate-phenol-chloroform extraction of 5 X 101 cells.
The 10 yg of mRNA was applied to nitrocellulose filters in a slot blot
apparatus and the filters were baked, prebybridized, and hybridized
to 32p cDNA probesfor human CD4 and f3-actin. Lane 1, CD4 mRNA
from PBL; lane 2, f3-actin from PBL; lane 3, CD4 mRNAfrom pulmo-
nary lymphocytes; lane 4, f3-actin from pulmonary digests.

Co-Ligation of CD3:CD4 with a Bispecific
MAb Yields CD4dim Expression

Because >95% of CD4+ lymphocytes isolated from
the lung are CD45RO+, indicating their prior sensiti-
zation to antigen in vivo,17 we speculated that dim
CD4 expression by pulmonary T cells might be re-
lated to ligation of Tiaf3-CD3:CD4 by antigen and
class II (la) MHC molecules on the surface of antigen-
presenting cells in vivo. CD45RA+ PBL were acti-
vated with plastic immobilized anti-CD3 (12F6), anti-
CD4 (OKT4), or a bispecific anti-CD3:CD4 (12F6:
OKT4) that mimics ligation of the Tiaf3-CD3:CD4
multireceptor by antigen and class II MHC molecules.
Substantial mitogenic responses by PBL, as judged
by [3H]thymidine incorporation at 72 hours, were
achieved with anti-CD3 and anti-CD3:CD4 but not
anti-CD4 (data not shown). The surface membrane
staining intensities of CD3 and CD4 antigens were
measured in parallel, and a ratio of the CD4:CD3
mean fluorescence staining intensities was con-
structed for days 3 and 13 postactivation. Unstimu-
lated lymphocytes maintained in complete medium
showed a progressive decrease in their CD3 and CD4
expression. After stimulation with anti-CD3, the mean
fluorescence staining intensities of CD3 and CD4
were increased at day 3 (10 and 79%, respectively)
but decreased at day 13 (44 and 54%, respectively)
compared with the medium control. By contrast, the
CD4:CD3 ratio was increased from medium control at
both time points.

After stimulation with anti-CD3:CD4, the CD3 stain-
ing intensity decreased slightly (28%). However, CD4
staining was substantially diminished (61%), as was
the CD4:CD3 ratio (Table 2, Figure 9). Lymphocytes
stimulated with anti-CD4 showed little change with
respect to medium controls (data not shown).

Staining with F(ab')2 goat anti-mouse IgG-FITC re-
vealed 8% residual staining at day 3 and <2% at day
13, effectively excluding the possibility that changes
in epitope expression were due to masking of either

Table 2. Changes in CD3 and CD4 Expression
After Stimulation

Mean Fluorescence
Staining Intensity*

Day Day Day
Stimulator Antigen 0 3 13

Medium CD3 842 717 657
Anti-CD3 842 925 368
Anti-CD3:4 842 778 603
Medium CD4 739 571 387
Anti-CD3 739 1321 401
Anti-CD3:4 739 534 287

* Data are representative of two experiments and represents the
mean fluorescence staining intensities of nylon wool-separated
normal human blood lymphocytes after stimulation, as described
in the Materials and Methods section. There is a progressive de-
crease in CD4 expression in medium controls over time.
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Figure 9. Ratio of CD4:CD3 expression after stimulation with anti-
CD3 or anti-CD3:CD4. Punfied human blood lymphocytes were
stimulated by immobilized anti-CD3 or anti-CD3:4 for 72 hours in
vitro and then expanded in culture without IL-2 for up to 13 days.
The cells were stained with FITC-conjugated anti-CD3 (Leu4) or anti-
CD4 (Leu3a), analyzed in a FACS 440, and the ratio of mean fluo-
rescence intensities was calculated. Day 3, shaded bars; day 13, solid
bars.

CD3 or CD4 epitopes by antibodies that might have
leached from the plastic surface.
When long-term cultured T cell clones and lines

established from a variety of benign and malignant
tissues in our laboratory and maintained with IL-2
were examined, they did not show decreased CD4
expression. To investigate the role that IL-2 had on
CD4 expression by cultured T cells, PBLs were stimu-
lated with anti CD3:CD4 and then cultures were
supplemented with IL-2 (10 Cetus U/ml). T cells cul-
tured for 14 days to several months showed a Tiag-
CD3:CD4 expression that was comparable to that of
unstimulated PBL (data not shown).
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Discussion

We have previously reported that T lymphocytes iso-
lated from human lungs show the surface immune
phenotype of antigen-sensitized T cells.17 During the
course of those studies, we noted that freshly isolated
pulmonary T lymphocytes routinely display dimin-
ished cell surface membrane expression of the Tia/3-
CD3:CD4 molecular complex. In this report, we have
focused primarily on characterizing changes in the
expression of CD4 by pulmonary T cells.

Our results, based on cytofluorimetry, show that all
extracytoplasmic epitopes of CD4 are decreased on

pulmonary T cells compared with PBL. Although the
precise alignment of CD4 epitopes remains uncer-

tain,1,1 33 the amino acid residues of CD4 have been
putatively assigned to molecular domains Dl to D4
based on sequence homology with Ig variable do-
mains. Merkenshlager et al and others30 34' 35 have
concluded that the anti-Leu3a and OKT4D epitopes
map exclusively to the Dl domain; the OKT4C,
OKT4E, and OKT4F map to both the Dl and other
CD4 domains, whereas the OKT4B and OKT4
epitopes are located entirely outside the Dl domain.
Although the OKT4F epitope was minimally dimin-
ished with respect to the other CD4 epitopes in this
study, we believe that diminished surface expression
of the entire extracytoplasmic portion of the CD4 mol-
ecule is likely, and that a molecular conformational
change that spares the OKT4F epitope cannot ac-

count for the diminished CD4 levels seen on pulmo-
nary T cells. Because a truncated form of CD4 has not
been observed on activated T cells, we favor the pos-

sibility that dim surface CD4 expression reflects either
posttranscriptional shedding and/or internalization of
the TiaI3-CD3:CD4 multireceptor on pulmonary T
cells. Our position is based on the observations that:
1) levels of CD4 mRNA in pulmonary lymphocytes are

comparable to or greater than those of PBL, 2) both
Tiaf3 and CD3 are also diminished on pulmonary T
cells, and 3) loss of CD4 during T cell activation has
been reported by Weyand et al14 in human T cell
clones. However, because CD4 expression is dimin-
ished to a greater extent than Tica-CD3, other mecha-
nisms of regulation are likely to be involved in the gen-
eration of dim CD4 cells.
A link between diminished CD4 expression and

previous T cell activation is suggested by the current
experiments. CD4 participates in antigen presenta-
tion to T cells by binding MHC class 11 antigens and
modulating effector cell responses.2' 7. 12 We simu-
lated antigen presentation nonspecifically by activat-
ing peripheral blood T cells with the bispecific anti-
CD3:CD4 MAb.20 The parental monospecific OKT4

MAb used to construct this bispecific antibody effec-
tively inhibits antigen presentation and the OKT4
epitope appears to participate directly in native re-
sponses to antigen.3 8. 36 A role for the simultaneous
cross-linking of CD3 to CD4 in yielding diminished
CD4 expression is further supported by the marked
decrease in CD4 expression observed after stimula-
tion by the bispecific MAb. We have not yet deter-
mined how cross-linking directly yields dim CD4 ex-
pression, but we favor a role for CD4 shedding and/or
internalization. The changes in CD4 expression after
activation by anti-CD3:CD4 MAb could not be ac-
counted for by masking CD4 epitopes, because de-
creased CD4 was not observed after stimulation with
monospecific anti-CD4.

Although this report has focused on CD4 expres-
sion by pulmonary T cells, it is expected that dimin-
ished expression of the Tiaf3-CD3:CD4 multireceptor
complex will also be observed in other tissues. In this
regard, Smith and Roberts-Thomson37 reported di-
minished expression of both CD3 and CD4 antigens
on T lymphocytes isolated from the synovial fluid of
patients with rheumatoid joint disease and lympho-
cytes isolated from chronically inflamed human small
intestine are also CD4dim (G. Russel personal com-
munication). Zanders et al38 had previously demon-
strated that antigen excess in the absence of appro-
priate antigen-presenting cells triggers the loss of
CD3 from the surface of T cell clones and can lead to
a state of relative anergy. It is possible that the pul-
monary millieu favors ineffective presentation of an-
tigen leading to diminished Tiaf3-CD3:CD4 expres-
sion in lung and other organs.

IL-2 and other T cell mitogens, including lectin and
anti-CD3, were able to promote CD4 expression on
pulmonary T cells. We hypothesize that CD4dim lym-
phocytes may be generated preferentially in the set-
ting of limited IL-2 availability, which follows antigen
stimulation in vivo. This is supported by our finding
that high levels of CD4 were maintained in long-term
T cell cultures maintained with IL-2. Because the lung
is a source of soluble factors that antagonize the ac-
tivities of IL-2 in vivo, including transforming growth
factor-1,39 prostaglandin E-2,4° and surtactant ap-
oproteins,41 the normal lung may be a site of limited
IL-2 availability favoring the presence of diminished
CD4 expression by T cells.
The physiological consequences of diminished

CD4 expression by pulmonary T cells are uncertain.
CD4 is an adhesion molecule that increases the bind-
ing affinity of Tiaf3 to the antigen/MHC class II com-
plex.37 Diminished CD4 expression might decrease
antigen-driven T cell activation in the lung or, alter-
nately, favor the activation of T cells with high affinity
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TiaI3 receptors for antigen in vivo. The finding that a
comparable diminution of CD8 antigens does not oc-
cur on the surface of pulmonary T cells may indicate
a fundamental difference in the pathway of class and
11 MHC-restricted cell activation in vivo.
The role of CD4 as the critical cellular receptor for

HIV-1 makes its diminished surface expression note-
worthy with respect to the pathogenesis of AIDS.
Schnittman et a142 have reported that CD4+ memory
T cells can be readily infected with HIV-1 yielding in-
creased levels of virus compared with infected naive
T cells purified from blood, and in preliminary studies
we have shown that unstimulated pulmonary CD4+ T
cells show a substantially increased level of HIV-1
yield compared with unstimulated CD4+ blood cells,
despite their lesser expression of CD4 (B. Conway,
manuscript in preparation). This appears to reflect the
altered physiology of CD4 memory cells. We are cur-
rently examining differences in HIV-1 binding to
CD4dim pulmonary lymphocytes. Because natural
CD4 ligands other than HIV-1 and class 11 MHC have
been suggested,4>45 further studies will be required
to establish the role played by CD4dim T cells during
inflammation.
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