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Background: The pathogenesis of hypersensitivity pneumonitis (HP) involves cell-mediated 
hypersensitivity; various bronchoalveolar T-cell subsets with uncertain roles in disease have 
been reported and implicated in the pathogenesis. 
Objectives: Previous studies at 72 hours after initial antigen challenges showed proportionate 
increases in T-cell phenotypes. Therefore we tested the hypothesis that early events in response 
to inhaled antigen in a L E W  rat model of l iP  would include a disproportionate appearance 
in bronchoalveolar lavage fluid (BALF) and lung parenchyma of a specific T-effector cell 
responsible for subsequent inflammation and that these events could be identified by 
phenotyping. 
Methods: We double labeled BALF and parenchymal lung lymphocytes with monoclonal 
antibodies and used flow cytometry to quantitate CD4 ÷ and CD8 ÷ phenotypic subsets 4 and 
24 hours after inhalation of antigen. 
Results: We found disproportionate increases in BALF CD8 ÷ phenotypes. The strongest 
correlation with pathologic findings was for a putative cytotoxic effector (CD8+ CD45R ) 
T lymphocyte. 
Conclusion: Meaningful interpretation of lung T-cell phenotype quantitation requires studies 
of kinetics of cellular influxes, timing after antigen challenge, and relative comparison with 
increases in other phenotypes. Any pathogenetic role assigned to a phenotype must also await 
functional studies, including cytoldne generation and secretion and cell-cell interactions in 
situ. (J ALLERGY CLIN IMMUNOL 1995;96:113-21.) 
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The pathogenesis of immune-mediated damage 
to the lung and its resolution are incompletely 
understood.i, 2 Pulmonary inflammation is readily 
induced in pre-sensitized animals given aerosol- 
ized antigen, but this typically wanes despite con- 
tinued challenge? ,4 We previously reported an 
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Abbreviations used 
BALF: 

CFA: 
FITC: 

HP: 
mAb: 

PE: 

Bronchoalveolar lavage fluid 
Complete Freund's adjuvant 
Fluorescein-tabeled 
Hypersensitivity pneumonitis 
Monoclonal antibodies 
Phycoerythrin-labeled 

increase in numbers of lung T cells at the height of 
inflammation 3 days after the initiation of inhala- 
tional challenge in a LEW rat model of hypersen- 
sitivity pneumonit is¢ Although certain phenotypes 
in that study dominated in number,  proportions 
among phenotypes were similar to controls. We 
considered then the possibility that the accumula- 
tion of selective effector T-cell phenotypes might 
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precede the accumulation of a nonselective popu- 
lation of inflammatory or modulating T cells. This 
report tests that notion by examining T-cell phe- 
notypes 4 and 24 hours after initial inhalational 
challenge. 

Increased numbers of lymphocytes in lung dis- 
ease may be the result of attraction by gradient- 
dependent chemotaxis, immobilization of traffick- 
ing cells, or local proliferation. 6 Phenotypic selec- 
tion or preferential accumulation has been found 
in some human pulmonary conditions at various 
stages of disease. 7-12 Identification of effector cells 
accumulating early in lung inflammation is poten- 
tially an important step in the understanding of 
disease pathogenesis. Correlations of T-cell phe- 
notype, activation, function, cytokine generation, 
and inflammatory or regulatory events may then be 
carried out to better understand pathogenetic 
mechanisms in hypersensitivity lung diseases, and 
eventually their prevention and treatment. Corre- 
lations of T-cell phenotypes and function in dis- 
ease states are difficult in human disease, however, 
because kinetics are largely unknown and initial 
stages are subclinical. Therefore the use of animal 
models is justified to address the problem. 

A relevant model should demonstrate inflamma- 
tory responses associated with an increase in iden- 
tifiable candidate effector cells. CD4 ÷ and CD8 ÷ T 
cells in human beings, rats, and mice can be 
divided into subsets by monoclonal antibodies that 
recognize other phenotypic markers. 13,14 CD45, 
among the most abundant leukocyte cell surface 
glycoproteins and identified as a member of the 
protein tyrosine phosphatases, plays an important 
role in antigen-stimulated proliferation of T lym- 
phocytes. 15 OX22 monoclonal antibodies recog- 
nize CD45R epitopes dependent on exon 6, ex- 
pressed on isoforms CD45a, CD45-y, CD45g and 
CD45e. 15 Functional correlates and interspecies 
differences in respect to phenotypic subsets have 
been controversial and are not completely re- 
solved. In the rat the CD4+CD45R ÷ T-cell subset 
contains those cells that proliferate in response to 
allogeneic cells and T-cell mitogens, produce high 
levels of interleukin-2, and are active in primary 
antibody responses. 16 The CD4+CD45R - subset 
contains memory cells that provide B-cell help for 
secondary immune responses and are reportedly 
derived from naive CD4÷CD45R + precursors? 7, 18 
Several functional activities may be present within 
single phenotypic subsets defined by available 
membrane markers, whose functional correlates 
remain putative for the most part. Cytotoxic pre- 
cursors and suppressor T cells have been reported 

to be contained in CD8+CD45R + populations. 16 
Murine Th (CD4 +) clones may be divided into Thl 
and Th2 subtypes by patterns of lymphokine pro- 
duction and the expression of CD45 isoforms? 5,19 
Present information indicates similar differentia- 
tion of murine suppressor (CDS+CD45R -) and 
cytotoxic (CDS+CD45R +) subpopulations: the 
suppressor phenotype produced IL-10 and the 
cytotoxic phenotype did not? 9 Results in human 
peripheral blood-derived T cells suggest that 
CD45 ÷ and CD45R- indicate naive and memory 
CD45 ÷ cells, respectively, 2°,21 although this is 
challenged by demonstration of reversal in isoform 
switching. 22 Data have also been presented that 
distinction between naive and memory T cells is 
questionable, as well for the CD8 + phenotype, in 
that the CD8+CD45R + subpopulation contains 
some primed cells? 2 In several inflammatory dis- 
eases of human beings there is a decrease in the 
number of T cells expressing CD45R isoforms. 15 
The CD8 ÷ population in rats has been less well 
studied to date for functional differences related to 
CD45 isoform expression. 

The rat RT6 antigen is present on most of the 
peripheral T cells and absent from B cells and 
thymus cells. 23 Effector cells for cutaneous delayed 
hypersensitivity and for allospecific cytoxic reac- 
tions were shown to be confined to the CD4÷RT6 
and CDS+RT6 - T-cell subsets, respectively. 24, 25 

We used an established LEW rat model of 
experimental hypersensitivity pneumonitis (HP) to 
identify T-cell phenotypes present in bronchoal- 
veolar lavage fluid (BALF) and lung parenchyma 
within the first 24 hours after initial aerosol chal- 
lenge with antigen. 5 We found a disproportionate 
accumulation in BALF of CD8-- phenotypes, and 
positive correlations occurred between pathologic 
scores and percentages of these phenotypes. 

METHODS 

These studies followed the guidelines given in the U.S. 
Public Health Services/National Institutes of Health 
Guide for the Care and Use of Laboratory Animals and 
were approved by the University of Iowa Animal Care 
and Use Committee. 

Animals 
Female LEW rats (pathogen free) weighing 150 to 200 

gm were purchased from Harlan Sprague-Dawley (Indi- 
anapolis, Ind.) and conventionally housed. They had free 
access to food and water. 

Reagents 
Ovalbumin, crystallized five times, was purchased 

from Miles Laboratories (Elkhart, Ind.). Complete 
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TABLE I. Selected putative functional correlations of T-cell subsets 

mAb 

Recognized Phenotypic 
membrane T-cell 
component population 

Functional correlates contained in 
T-cell subset* 

W3/25 CD4 CD4 + 
DS4.23 RT6 CD4 + RT6 + 

__ CD4+RT6 - 
OX22 (Tin) CD45R CD4+CD45R + 

__ CD4+CD45R T M  

OX8 CD8 CD8 + 
DS4.23 RT6 CD8+RT6 + 

- -  CD8+RT6 - 
OX22 CD45R CD8+CD45R + 

- -  CD8+CD45R - 

GVH; DH precursor 
DH effector (T,,~) 
Interleukin-2 producer 
B-cell help (T.2) 

Cytotoxic precursor/suppressor (Ts) 
Cytotoxic effectors (To) 
Suppressor/cytotoxic precursor (T 0 
Cytotoxic effectors (To) 

rnAb, Monoclonal antibody; GVH, graft versus host; DH, delayed hypersensitivity. 
*Functional correlates of the phenotypic T-cell populations are based on references 13-25. 

Freund's adjuvant contained 5 mg/ml mycobacteria. 
Monoclonal antibodies (mAb) W3/25 anti-CD4, OX8 
anti-CDS, OX22 anti-CD45R were purchased from Bi- 
ological Products for Science (Indianapolis, Ind.), and 
DS4.23 anti-RT6.1 mAb was obtained from hybridoma 
culture supernatants and purified for use as described 
previously.a3, 25 W3/25 and OX8 were purchased labeled 
with phycoerythrin, and DS4.23 and OX22 were fluores- 
ceinated. 23 mAb controls included fluoresceinated mu- 
rine IgG and phycoerythrin-labeled murine IgG (Becton 
Dickinson, Mountain View, Calif.). A summary of the 
mAbs, phenotypic markers, and putative functional cor- 
relates is given in Table I. Details of reagents and 
methods used in labeling and flow cytometry have been 
previously described? 

Prepara t ion  of rat  mode ls  of HP 

Experimental rats were sensitized with 1 mg ovalbumin 
emulsified in complete Freund's adjuvant in 0.1 ml total 
volume by means of footpad injections. Controls received 
identical volumes of saline solution emulsified in complete 
Freund's adjuvant. Inhalational challenges began 10 days 
later and were administered by means of ultrasonic nebu- 
lizers (Devilbiss) in Plexiglas chambers. Acute challenges 
of 200 mg ovalbumin in 20 ml saline solution were given 
over approximately 45 minutes, either once or twice, to the 
experimental and control groups. Cells were collected, and 
histopathologic results were quantitated at 4 or 24 hours 
after the initial challenge. Results given in this report 
summarize several experiments necessarily done in tandem 
because of the time- and labor-intensive techniques re- 
quired for cell preparation and flow cytometry. All exper- 
iments included experimental and control animals. All 
animals were used for simultaneous collections of cells 
from bronchoalveolar lavage fluid (BALF) and minced 
lung (parenchyma). 

Cell recovery  and h i s t o p a t h o l o g y  

Animals Were killed with an intraperitoneal overdose 
of pentobarbital. The chest was opened, and blood was 

aspirated from the heart. The lungs were perfused until 
white with 6% dextran (Gentran 75; Travenol Labora- 
tories, Deerfield, Ill.) through a blunt needle in the 
pulmonary artery with egress from the amputated left 
atrial appendage. The trachea was clamped and the 
lungs and mediastinum removed en bloc. The left main- 
stem bronchus was clamped, the trachea cannulated, and 
the right lung was lavaged with 6 aliquots of physiologic 
saline solution for recovery of BALF cells in a volume of 
30 -+ 4 ml (means + SD) per animal. The volume of 
BALF recovery was about 75% of that delivered. 

The left lung was inflated with 95% ethanol for 
fixation before the preparation of paraffin-embedded 
sections and histopathologic study. Entire cross sections 
of the whole left lung were stained with hematoxylin and 
eosin, blind-coded, and scored for pathologic condition 
on the basis of severity and extent of lesions on a scale of 
0 to 3 (0 = no histopathologic abnormality; 1 = local- 
ized, scattered areas of mild alveolitis; 2 = larger, more 
generalized areas of moderate alveolitis; and 3 = areas 
of marked alveolitis throughout the section). 

Single-cell suspensions were prepared from the la- 
vaged right lung by mincing in phosphate-buffered saline 
1% bovine serum albumin, pH 7.2, and pressing through 
a 60-gauge steel mesh screen. Cells were centrifuged and 
resuspended in hypotonic buffer to lyse erythrocytes, 
washed two times in PBS/BSA, resuspended in PBS/ 
BSA/0.1% sodium azide (NaAz), and an aliquot was 
counted on a Coulter Densitometer (Coulter Electron- 
ics, Hialeah, Fla.). The cell suspension was adjusted to 
contain 10 × 106 cells/ml. 

I m m u n o f l u o r e s c e n t  sta in ing 

Cells and reagents were kept at 4°C throughout. 
Aliquots of 2 × 106 cells from each cell source were 
dispensed into microtiter wells in round-bottom, 96-well 
plates (Corning Glassworks, Corning, N.Y.). Saturating 
concentrations of mAb were determined by using serial 
dilutions in PBS/1% BSA/0.1% NaAz with 1:100 heat- 
inactivated normal rat serum. In all reported experi- 
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ments, double labeling of cells was performed using pre- 
mixed ftuoresceinated (FITC) and phycoerythrin (PE)- 
labeled primary mAb. Cells were incubated 120 minutes 
with 50 Ixl of the appropriate mAb and washed two times 
with PBS/BSA/NaAz. Wash with PBS/NaAz was repeated 
twice, the supernatant aspirated, 2% paraformaldehyde 
pipetted into each well for fixation, and the cell suspension 
transferred to tubes for flow cytometry. 

Flow cytometry 
Flow cytometry was performed with a Coulter EPICS 

753 multiparameter fluorescence-activated cell sorter. Ex- 
citation was done at 488 nm by means of an argon ion laser 
(Coherent Innova 90-5). FITC and PE emissions were split 
by 550 LP and 600 SP dichroics. FITC emissions were 
collected through a 525 nm bandpass filter, and PE emis- 
sions were collected through a 595 nm bypass filter. The 
fluorescence signals were processed by logarithmic ampli- 
fiers. Forward and orthogonal light-scatter signals were 
processed by linear amplifiers. At least 3 × 10 4 events were 
collected in list mode. Data file management, graphics, and 
subpopulation analysis were performed with ELITE Soft- 
ware (Coulter C~tometry). On bivariate histograms of 
forward-angle light scatter versus orthogonal scatter, a 
bit-map was drawn around the lymphocyte population 
(small, nongranular cells) to exclude cell clumps, macro- 
phages/monocytes, and neutrophils, and the program de- 
termined lymphocyte percentage of total cells. Bivariate 
FITC versus PE histograms were generated from this 
population. Subpopulations were then identified on the 
new histogram quadrants. 

Data from the FITC versus PE histogram were calcu- 
lated to determine percent and mean scale value. Back- 
ground cells were determined similarly with cells stained 
with mAb controls. A computer program was used to 
determine numbers and percentages of lymphocytes 
stained specifically with FITC, PE, or both and to 
calculate phenotypes. 

Statistical analysis 
For comparison of responses of more than two 

groups of animals, one-way analysis of variance was 
performed for determination of overall differences 
among groups. When a significant overall difference 
was found, pairwise differences between individual 
groups were evaluated by using Tukey's Studentized 
range test. 26 Pearson's coefficient of correlation (r) 
was used to determine the degree of relationship 
between two dependent variables in paired samples. 
For these analyses we used an SAS program (SAS 
Institute, Cary, N.C.) at the University of Iowa Weeg 
Computer Center. 27 

RESULTS 
Histopathology and cell recovery 

Acute alveolitis of mild to moderate degree was 
found in experimental groups A and B but not in 
control groups. Because no differences in histopatho- 

logic finding, cell recovery, or phenotypic labeling 
were found between the two control groups, these 
were pooled for analysis. Mild to moderate infiltrates 
of mononuclear cells were seen at 4 and 24 hours 
after initial aerosol challenge in the experimental 
groups A and B (Fig. 1). Total numbers of cells were 
significantly increased in experimental compared 
with control animals; this was especially striking in 
BALF (Table II). The increased numbers were ac- 
counted for primarily by macrophages/monocytes 
with variable numbers of neutrophils (2% to 30%), 
especially in group B animals. 

T-Cell phenotypes 

Flow cytometry data were analyzed to quantitate 
T-cell subsets in BALF and parenchymal cells as 
identified by double labeling. Results for cell num- 
bers and percentages for BALF cells are given in 
Fig. 2 and for parenchymal cells in Fig. 3. 

Bronchoalveolar lavage cell phenotypes were 
increased in numbers of cells from controls to 
group A (4 hours) to group B (24 hours) (i.e., 
C < A < B )  with the single exception of CD4+RT6 -,  
and most noticeable in CD8 ÷ phenotypes. Statis- 
tical differences were limited, however, to in- 
creased numbers of group B compared with con- 
trols (denoted by asterisks in Figure 2, A). 
Percentages increased significantly in all CD8 ÷ 
phenotypes, with reciprocal decreases in CD4+RT6 
and CD4+CD45R populations (Fig. 2, B). There- 
fore, the shifts in BALF T-cell phenotypes oc- 
curred toward cytotoxic precursor and effector 
CD8 + cells. 

T-cell population shifts in parenchymal lung 
cells were much less apparent, with no statistically 
significant increases in numbers of cells among the 
groups (Fig. 3, A). On the other hand, a significant 
increase in percentages of phenotypes CD8+RT6 - 
and CDS+CD45R + was significantly greater in 
group B than in controls (Fig. 3, B). 

These results indicate a general shift in T-cell 
phenotypes toward cytotoxic populations and away 
from CD4 + phenotypes in lung, especially in 
BALF cell populations, during the first 24 hours 
after initial encounter with inhaled antigen in 
systemically sensitized LEW rats. Although resi- 
dent numbers of cells were much greater in paren- 
chymal than in BALF cells, increases in cell num- 
bers were largely seen in BALF, compared with 
lung parenchyma, suggesting rapid traffic from the 
intravascular compartment through the intersti- 
tium into the alveoli and ready recovery there by 
lavage. 
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FIG. 1. Photomicrographs of representative pulmonary histopathologic conditions from exper- 
imental and control LEW rats. A, Section from animal in group A killed 4 hours after initial 
aerosol challenge with antigen. Small collections of mononuclear cells are seen in area of 
terminal bronchiole and alveolar ducts and around vessels. (Hematoxylin-eosin stain; original 
magnification ×80.) B, Section from animal in group B killed 24 hours after initial aerosol 
challenge with antigen. Localized collections of mononuclear cells are seen in areas of terminal 
bronchioles, alveolar ducts, alveoli, interstitium, and vessels. (Hematoxylin-eosin stain; original 
magnification ×80.) C, Section from control animal in group D. No cellular infiltrates are present. 
(Hematoxylin-eosin stain; original magnification ×80.) 

Correlations of pathologic score wi th  
presence of T-cell phenotypes 

Pea r son ' s  coefficient of  co r re la t ion  (r) was used  

to eva lua te  associa t ions  of  specific T-cel l  pheno -  
type pe rcen tages  with the  extent  of  d isease  in 

indiv idual  an imals  (Table  III) .  Posi t ive corre la-  
t ions were  l imi ted  to increases  in CD8 ÷ pheno-  
types, s t ronges t  for  the  C D 8 + C D 4 5 R  - (cytotoxic 

effector)  popu la t ion .  

DISCUSSION 

Previous  s tudies  of  acute  and chronic  H P  f rom 3 
days to 14 weeks  in L E W  rats  showed inc reased  
number s  of  T cells wi thout  significant select ive o r  
d i s p r o p o r t i o n a t e  increases  in individual  pheno -  
types, s Similar  resul ts  were  found  in adopt ive  
t ransfer  expe r imen t s  involving acute  H P  in the  

TABLE II. H is topa tho log ic  cond i t ion  and cell 

recovery 

Total numbers of 
cells x 10 -6 

Histopathologic 
Rat group condition BALF Parenchyma 

A. 4-hour 1.8 _+ 0.2* 54 + 8 44 _+ 7 
(n = 9) 

B. 24-hour 2.0 -+ 0.2 83 _+ 15 40 + 4 
(n = 8) 

C and D. 0.1 _+ 0.1 8 + 0.6 24 _+ 1 
Controls 
(n = 8) 

*Numbers denote mean _+ SEM. For grading of histopathologic 
condition, see text. Analysis of variance and Tukey's fol- 
low-up showed significant increases (p < 0.05) in experimen- 
tal groups A and B compared with controls for all measures 
shown. 
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FIG. 2. Numbers (A) and percentages (B) of T-cell phenotypes obtained by bronchoalveolar 
lavage and evaluated by means of f low cytometric analysis. Increases are seen in numbers and 
shifts in percentages favoring CD8 + phenotypes in experimental groups. An asterisk denotes 
significant (p < 0.05) difference in experimental group phenotype compared with control 
numbers or percentages with Tukey's follow-up test. 

LEW rat (Richerson HB, Coon JD, Lubaroff D. 
Am J Respir Crit Care Med 1995;151:in press). 
The present study was designed to look at early 
kinetics of T-cell changes in the lung after initial 
inhalational antigen challenge. We postulated that 
effector cells would be selectively increased during 
initial phases of inflammation with subsequent 
increases involving other phenotypes in willy-nilly 
fashion. Our data are consistent with that hypoth- 
esis, and suggest that initial increases in T-cell 
populations involve mainly CD8 + phenotypes of 
putative cytotoxic functions. 

A popular viewpoint has been that different 
populations of lymphocytes selectively migrate to 
the site of antigen challenge during inflamma- 
tory responses involving cell-mediated hypersensi- 
tivity. 6,2s Antigen-reactive T cells in lung have 
been demonstrated in animal models and human 
HP, z9-32 but little quantitative information is avail- 

able on lymphocyte subset populations recruited to 
the lung during immune-mediated inflammation or 
on their state of activation. 6 Studies of pulmonary 
viral infections have suggested that such recruit- 
ment depends to some extent on factors other than 
antigen specificity. 33-35 T-cell influxes into rat lungs 
have been reported in experimental HP, 5 as well as 
during injury induced by bleomycin and silica. 36, 37 

In human HP increased numbers of lymphocytes 
attributable in general to CD8 + cells have been 
reported by several investigators. 7, s Others, however, 
have observed no phenotypic aberrations of T-ceU 
subsets but have found evidence of increased T-cell 
proliferation, activation, and function?, 10 Semenzato 
et al. 3s reported the presence of different types of 
cytotoxic cells, that is, natural killer cells and non- 
MHC-restricted cytotoxic lymphocytes, including 
lymphokine-activated killer cells. Trentin et al. 11, az 
found a high number of lymphocytes comprising a 
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24-hour experimental group. An asterisk denotes significant (p < 0.05) difference in experimen- 
tal group phenotype compared with control numbers or percentages with Tukey's fol low-up 
test. 

cytotoxic subset (CD3 ÷, CD8 ÷, CD16-,  CD56 ÷) in 
the BALF of patients with HP as well as an increase 
in -y/8 + lymphocytes. These mechanisms of human 
disease need further clarification. 2 

Our results may be interpreted as showing initial 
increases in T lymphocytes with phenotypes iden- 
tified as cytotoxic precursors or cytotoxic T cells, 
although definitive identification of phenotype 
with function is not possible. Phenotypic studies of 
lung lymphocyte subpopulations as carried out 
here have been only recently pursued. 5 BALF cells 
may be activated or memory cells, rather than the 
effector cells suggested in Table I; studies of T-cell 
phenotypes may reveal important differences in 
expression and function in the various compart- 
ments of the body? 

TABLE III. Pearson's coeff icient of  
cor re la t ion*  

Pathologic 
score vs BALF Parenchyma 

% CD4 + RT6 + NS NS 
CD4+RT6 - -0.78 -0.48 
CD4÷CD45R + NS NS 
CD4+CD45R - -0.75 -0.56 
%CD8+RT6 + 0.43 NS 
CD8÷RT6 - 0.54 0.60 
CD8+CD45R ÷ 0.46 0.70 
CD8+CD45R - 0.77 NS 

NS, Not significant. 
*r Value is given for significant positive or negative correlations 

(p < 0.05) of T-cell phenotype percentages with pathologic 
s c o r e .  



120 Richerson, Coon, and Lubaroff J ALLERGY CL]N IMMUNOL 
JULY 1995 

Resul t s  of  these  exper iments  have several  im- 
po r t an t  impl ica t ions  for  in te rp re t ing  s tudies  of  the  
pa thogenes i s  of  hypersensi t ivi ty  lung disease.  Un-  
less i m m u n e - m e d i a t e d  diseases  a re  eva lua ted  ear ly  
af ter  ant igen encounter ,  the  p resence  of  cell phe-  
notypes  may  reflect  i r re levant ,  r a the r  than  selec- 
tive, effector popula t ions .  T h e r e f o r e  different  
t imes  for  spec imen  col lect ions  in re la t ion  to anti-  
gen exposure  may  give var iab le  results.  

A n o t h e r  impl ica t ion  is the  assurance  f rom our  
findings that  increases  in B A L F  lymphocytes  may  
be  expla ined  wi thout  enl is t ing cell p ro l i fe ra t ion ,  6 
since l i t t le p ro l i f e ra t ion  of  an t igen-s t imula ted  cells 
would  be  expec ted  within 4 to 24 hours  of  init ial  
s t imulat ion,  as r e p o r t e d  here.  Of  in te res t  also is 
the  re la t ively m e a g e r  increase  in pa renchymal ,  
c o m p a r e d  with B A L F ,  cells, suggest ing a s t rong 
in t raa lveola r  chemotac t i c  s t imulus or  adhes ion  
molecu le  act ivat ion,  wi th  l i t t le de lay  or  pe rha ps  
even acce le ra t ion  in trafficking th rough  the  inter-  
s t i t ium f rom the c i rcula t ion  to alveolus unde r  the  
condi t ions  of  these  exper iments .  

A thi rd  impl ica t ion  is tha t  the  m e r e  p resence  of  
cell pheno types  is an i nadequa t e  ind ica t ion  of  thei r  
funct ional  role,  if any, in d isease  pa thogenes is .  Cell  
m e m b r a n e  marke r s  may  change  in response  to 
chemotac t i c  stimuli,  act ivat ion,  or  o the r  environ-  
men ta l  factors  un re l a t ed  to effector funct ion;  ad-  
d i t ional  in fo rmat ion  is n e e d e d  concern ing  pur-  
posefu l  act ivat ion and funct ion lead ing  to t issue 
in f l ammat ion  and its modu la t i on  or  suppress ion.  
Studies  of  cytokine gene ra t ion  and p roduc t ion  and 
in te rac t ions  of  cells with o the r  cells and  with 
adhes ion  and  re la ted  molecu les  may  be  requi red ,  
p re fe rab ly  in situ, to adequa te ly  explain  effector  
and  cont ro l  mechan i sms  in i m m u n e - m e d i a t e d  in- 
f l ammato ry  lung diseases.  
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