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Idiopathic pulmonary fibrosis (IPF) is a morbid, refractory lung disorder with an unknown pathogenesis. To investigate
potential adaptive immune mechanisms in IPF, we compared phenotypes and effector functions of peripheral CD4 T cells,
autoantibody production, and proliferative responses of pulmonary hilar lymph node CD4 T cells to autologous lung extracts
from afflicted patients and normals. Our results show that greater proportions of peripheral CD4 T lymphocytes in IPF
subjects expressed MHC class II and CD154 (CD40L), and they more frequently elaborated TGF-!1, IL-10, and TNF-".
Abnormal CD4 T cell clonal expansions were found in all IPF patients, and 82% of these subjects also had IgG autoantibodies
against cellular Ags. IPF lung extracts stimulated proliferations of autologous CD4 T cells, unlike preparations from normals
or those with other lung diseases, and the IPF proliferative responses were enhanced by repeated cycles of stimulation. Thus,
CD4 T cells from IPF patients have characteristics typical of cell-mediated pathologic responses, including augmented
effector functions, provision of facultative help for autoantibody production, oligoclonal expansions, and proliferations
driven by an Ag present in diseased tissues. Recognition that an autoreactive immune process is present in IPF can pro-
ductively focus efforts toward identifying the responsible Ag, and implementing more effective therapies. The Journal of
Immunology, 2007, 179: 2592–2599.

I diopathic pulmonary fibrosis (IPF)4 is a fibroproliferative
lung disorder, characterized clinically by pulmonary restric-
tion and hypoxemia, which afflicts !40,000 patients in the

United States annually (1). The prognosis of IPF is grim, with
mean survival of !3 years after diagnosis, and to date, no med-
ical regimen has been shown to alter the natural history of this
disease (1, 2).

The etiology of IPF is unknown. It has recently been hypothe-
sized that immune responses are not important in the development
of this disease, and the pathogenesis of the disorder has instead
been speculated to result from noninflammatory injuries or other
primary dysfunctions of pulmonary epithelium and/or fibroblasts
(2). We undertook these studies to examine the possibility that

adaptive immunity may participate in IPF pathogenesis. Attention
was focused on CD4 T cells, given their role in orchestrating im-
mune responses and their importance in other fibroproliferative
diseases (3, 4).

We found that circulating CD4 T cells of IPF patients, compared
with cells from healthy volunteers, are more frequently activated,
elaborate mediators that have been implicated in pathologic tissue
fibrosis, provide help to B cells that produce autoantibodies, and
have undergone oligoclonal expansions. Moreover, hilar lymph
node CD4 T cells of IPF patients uniquely proliferate in response
to Ags present in autologous lungs.

The behaviors of CD4 T cells of IPF patients are analogous to
those seen in other immune disorders manifested by aberrant fi-
broproliferation and organ dysfunction (3, 4). These findings show
that autoreactive adaptive immune processes are present in IPF (5),
and may suggest directions for subsequent research, including
identification of the responsible Ag, targeted immunomodulation,
or eventual induction of Ag-specific tolerance.

Materials and Methods
Subjects

Peripheral blood was obtained by venipuncture from IPF patients referred
to the University of Pittsburgh (Pittsburgh, PA) or the Ochsner Clinic (New
Orleans, LA). All IPF subjects had been evaluated by detailed clinical
assessments and laboratory measures, and all fulfilled established diagnos-
tic criteria (1). None of the IPF subjects had known comorbidities, notably,
other autoimmune or immunologic syndromes, malignancies, infections, or
occupational or drug exposures known to cause lung diseases. Blood for
comparative studies was obtained from normal volunteers recruited from
hospital personnel by solicitation. Assays were performed concurrently in
consecutive specimens from both study groups, whereas the laboratory
investigators were blinded to nuances of their clinical presentations, de-
mographics, or medical treatments. Written informed consent was obtained
from all subjects, in accordance with the responsible Institutional Review
Board.
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PBMC preparations

PBMC were isolated from blood by density gradient centrifugation. CD4
cells were positively selected from PBMC for T cell Ag receptor !-chain
variable region (TCRBV) gene characterizations with anti-CD4-mAb
coated magnetic beads, following the manufacturer’s protocol (Dynal
Biotech).

Flow cytometry

Cell surface molecule expressions were ascertained using fluorochrome-
conjugated mAbs. Unless otherwise stated, Abs and other reagents for flow
cytometry, including negative isotype controls were purchased from BD
Pharmingen. Intracellular cytokine elaborations were determined in
PBMCs stained with anti-CD4 Ab and stimulated for 5 h with phorbol
12-myristate 13-acetate (5 ng/ml) and calcium ionomycin (500 ng/ml)
in the presence of GolgiStop (BD Biosciences). Cells were fixed and
permeabilized, and stained with fluorochrome-conjugated Abs against
selected cytokines, including TGF-!1 (IQ Products). Flow cytometry
was performed on "10,000 live cells and analyzed using a Coulter
EPICS XL.MCL (Beckman Coulter) and EXPO 32 software (Applied
Cytometry Systems).

Autoantibody measurements

Autoantibodies were detected by immunoprecipitation, as we have pre-
viously described (6). In brief, plasma specimens from subjects were
incubated with protein A-agarose beads (Invitrogen Life Technologies)
overnight at 4°C. The Ig-bound agarose beads were coincubated with
[35S]methionine/cysteine radiolabeled K562 lysates. The Ag/Ab-bound
beads were washed thoroughly and the immunoprecipitates were re-
solved by SDS-PAGE with visualization by autoradiography. Plasmas
from healthy individuals were used as negative controls and standard
reference samples were used as positive controls.

TCRBV assays

The methodologies used to characterize TCRBV gene repertoires and de-
termine T cell clonality have been detailed elsewhere (7). For this survey
study, we used a preexistent and well characterized probe set consisting of
riboprobes corresponding to 14 of the most frequently expressed
TCRBV genes (7). Individual TCRBV gene levels were expressed as
percentages of total specimen TCRBV mRNA. Normal ranges for
TCRBV gene expressions were defined as the mean " 2 SD of aggre-
gate values obtained from normal volunteers in these and multiple pre-
vious studies (reviewed in Ref. 7).

Autologous lung extracts

IPF and other diseased lung tissues (!2.5 cm3) were dissected from sur-
gical explants that were removed during pulmonary transplantations. Nor-
mal pulmonary specimens were similarly obtained from cadaveric harvests
wherein the lungs were not used for transplantations. Diseased lung ex-
plants removed for transplantations were subjected to extensive histologic
evaluations, including a variety of special stains, as well as microbiologic
cultures.

Lung tissue dissected for these studies was frozen on dry ice, and
then minced and suspended in ice-cold distilled water containing 1 mM
EDTA and 1 mM PMSF. The suspension was subjected to seven freeze-
thaw cycles and centrifuged (12,000 # g), and the supernatant was
sterile filtered. The addition of an equal volume of 2# RPMI 1640
restored isotonicity. Protein concentrations in lung explant extracts
were determined by BCA protein assay (Pierce) and specimens (typi-
cally !10 mg/ml) were diluted in complete culture media (RPMI 1640
supplemented with 50 U/ml penicillin, 50 #g/ml streptomycin, 10 mM
HEPES, 2 mM glutamine, and 10% heat-inactivated FBS) for use in
proliferation assays.

Autologous lymph node cell proliferation assays

Hilar lymph nodes dissected from lung explants were forced through
sterile mesh screens, and the cells were repeatedly washed and resus-
pended in complete medium before use in proliferation assays. Lymph
node cells (4 # 105/well) were cultured in 96-well plates at 37°C (in 7%
CO2) in complete medium supplemented with 10 U/ml rIL-2 (Roche)
for 11 " 1 days. Autologous lung extract proteins were added to re-
spective wells at concentrations of 100 #g/ml. Each culture condition
(extract or media control) was performed in triplicate, and the results
were averaged.

Proliferation of lymph node CD4 T cells was established by BrdU in-
corporation, using reagents and protocols supplied in a kit (BD Pharmin-

gen). BrdU (10 #M) was added 72 h before harvest. Cells were stained
with anti-CD4, permeabilized, and fixed. Subsequently, the cells were in-
cubated with anti-BrdU and 7-aminoactinomycin, and the percentage of
proliferating cells (BrdU$) was determined among viable (greater than
diploid DNA content) CD4 T cells. Specific proliferation was calculated as
the percentage of CD4 T cells that incorporated BrdU in cultures with lung
extracts minus incorporation in autologous unstimulated (media control)
cultures.

In some cases, proliferation was assessed by incorporation of [3H]thy-
midine that was added (1 #Ci) !18 h before harvest. [3H]Thymidine (cpm)
was measured by beta emission counter, in triplicate wells for each con-
dition, and the results were averaged.

Statistical analyses

Intergroup comparisons of parametrically distributed continuous data
(e.g., proportions of cells elaborating cytokines) were analyzed by un-
paired two-tailed t test. Ordinal parameters (e.g., number of TCRBV
abnormalities) or nonparametrically distributed continuous variables
(e.g., BrdU incorporations) were compared by Mann-Whitney or
Kruskal-Wallis, respectively, with post hoc analyses of the latter by
Bonferroni-Dunn. Correlations between variables were established by
Pearson product-moment correlation. Significance was defined as p %
0.05. Data are depicted as mean " SEM.

Results
Study populations for T cell and autoantibody assays

Peripheral blood was obtained from 48 IPF subjects described in
Table I. The relatively few subjects that did not have lung biopsies
met all established clinical criteria for the diagnosis of IPF (1),
including characteristic findings on high-resolution chest comput-
erized tomography scans. Twenty-six (54%) of the IPF patients
were not taking immunologically active agents or were on physi-
ologic dose oral prednisone ($10 mg/day). Fourteen (29%) were
taking IFN-% alone or in combination with other agents.

Blood for comparative studies was obtained from a pool of 39
normal subjects. Gender distributions (56% male) and ages of con-
trols (58 " 2 years old; range 42–82) were similar to those of the
IPF patients.

Because quantities of the specimens were not sufficient to per-
form every assay described herein, not all tests were performed in
all subjects. In addition, a few subjects in both populations were
subsequently found to have autoimmune diseases, malignancies, or
other disorders (e.g., herpes simplex) and were omitted from anal-
yses. However, assays were performed concurrently in consecutive
specimens from both groups while the laboratory investigators

Table I. Demographic data of IPF patients

Characteristic Values

Number of subjects 48
Age in years (range) 64 " 1 (39–78)
Sex: M/F (%M) 32/16 (67)
Smoking history (current or ex/denies

ever smoking)
36/12

Surgical biopsy showing UIP 33
Bibasilar rales 48
Pulmonary function tests

FVC (% predicted) 59 " 3
DLCO (% predicted) 42 " 3

Medications
Prednisone (P) alone 12
IFN-% alone 4
P and IFN-% 9
Cyclophosphamide (C) alone 2
P and C 1
P and azathioprine (A) 1
P and IFN-% and A 1
None 18

UIP, Usual interstitial pneumonia; DLCO, diffusing capacity.
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were blinded to nuances of their clinical presentations, demograph-
ics, and medical treatments.

Activation of circulating IPF CD4 T cells

We initially hypothesized that if CD4 T lymphocytes were in-
volved in IPF pathogenesis, we could expect to find evidence that
activation of these cells was increased in afflicted patients. Acti-
vated human T cells express MHC class II molecules, and sub-
populations of these cells may also up-regulate CD154 (CD40L),
which, in turn, has been shown to have potentially important pro-
fibrotic effects (8, 9). As shown in Fig. 1A, the CD4 T cells of IPF
patients had significantly greater expression of both MHC class II
(12.6 " 1.2 vs 3.7 " 0.8%) and CD154 (3.5 " 0.6 vs 0.5 " 0.3%)
compared with normal subjects.

CD4 T cell cytokine production

Effector T cells participating in immunopathogenic responses elab-
orate a variety of mediators that have been implicated in the de-
velopment of pathogenic fibroproliferation, notably, including
TGF-!1, IL-10, and TNF-& (4, 10). As shown in Fig. 1B, and
compared with normal subjects, significantly greater proportions
of CD4 T cells from IPF patients produce TGF-!1 (6.0 " 1.0 vs
2.1 " 0.8%), IL-10 (2.8 " 1.1 vs 0.5 " 0.1%), and TNF-& (33.0 "
4.3 vs 21.5 " 2.5%). In contrast, MCP-1, IL-1!, and IL-6 were
very infrequently (%1%) produced by both IPF and normal pe-
ripheral CD4 T cells under the conditions used for these in vitro
cell stimulations (data not shown).

Potential medication effects

To exclude the possibility that abnormal functions of IPF CD4
T cells observed here were artifacts of the treatments prescribed
for these subjects, we performed post hoc comparisons after
stratifications of the patients based on their medication regi-
mens. We could not find any statistically significant effects of
the therapies between the variously treated IPF subpopulations,
although the small numbers in the respective groups may not
preclude type II errors. Whatever trends seem present, however,
largely suggested that immunomodulation actually tended to
minimize at least some of the abnormal IPF lymphocyte func-
tions observed here.

As an example, the largest single drug treatment group
among these IPF subjects consisted of the subpopulation ad-
ministered exogenous IFN-%. The doses of this agent used in
IPF therapy have been reported to have minimal effects on in
vivo immune parameters (11). Supratherapeutic concentrations
of IFN-% can up-regulate cellular facultative MHC class II Ag
expression in vitro, although the percentages of CD4 T cells
that expressed these activation markers were nearly identical
among IPF patients prescribed IFN-% (11.9 " 2.1%, n & 6) and
those not taking the agent (11.7 " 1.5%, n & 12). This drug

treatment seemingly also had no effects on IPF CD4 T cell
expression of CD154 or productions of IL-2, TNF-&, IFN-%, or
TGF-!1 (data not shown).

Other reports indicate exogenous IFN-% may suppress IL-10
production in vitro (4), and there seemed a possible trend here for
an association between IFN-% therapy and decreased production of
both IL-10 and IL-4 by CD4 T cells. The percentage of CD4 T
cells elaborating IL-10 in the subpopulation of IPF patients who
were not taking IFN-% (4.2 " 1.9%) tended to be greater than that
of the IFN-%-treated IPF subjects (1.2 " 0.7), but this difference
was not statistically significant, given the size of these populations
( p & 0.18). Nonetheless, despite a much smaller number of sub-
jects (n & 8), CD4 T cell IL-10 production in the former group was
even significantly greater in post hoc comparison to the normal
subjects ( p & 0.01) than the original analysis using the aggregate
(n & 15) IPF values (Fig. 1B). Similarly, the proportion of CD4
that produce IL-4, another TH2 cytokine with potential profibrotic
effects (9, 12), tended to be increased among the subpopulation of
IPF patients that were not taking IFN-% (5.8 " 2.1%), compared
with the patients administered this agent (1.4 " 0.5%), but again
this intergroup difference was not significant ( p & 0.11). These
IL-4 values among the IFN-%-free IPF patients (again, despite their
smaller number relative to the aggregate IPF group) were signif-
icantly greater than those of the normal subjects ( p & 0.029).

Correlations of CD4 functions with IPF extent

Although nonspecific measures of immune responses (e.g., quan-
titations of immune complexes) have not correlated with IPF ex-
tent (2), we reasoned that if CD4 T cells play a role in IPF patho-
genesis, we might find associations between characteristics or
functions of these particular cells and disease manifestations.

Several CD4 T cell attributes seemed correlated with IPF
clinical parameters. Among others, the proportion of CD4 T
cells that elaborated CD154 was inversely associated with dif-
fusing capacity (r & 0.49, p & 0.048), and the extent of IL-10
production was also correlated with forced vital capacity (FVC)
(r & 0.56, p & 0.031). These parameters seemed even more
closely correlated with pulmonary function tests in analyses
limited to those IPF subjects that were not taking IFN-% (see
above) (r & 0.65, p & 0.02 for the correlation between CD154
and diffusing capacity, and r & 0.76, p & 0.028 for the asso-
ciation between IL-10 and FVC, as a percentage of predicted
values). Also, CD4 T cell production of IL-4 among the IPF
subjects not prescribed IFN-% tended to associate with FVC
percentage predicted (r & 0.68, p & 0.06).

Autoantibodies

Because CD4 T cells can provide facultative help to B cells in
the context of an adaptive immune response to specific peptide
Ags, we also assayed for the presence of autoantibodies in the

FIGURE 1. A, Cell surface expression of MHC
class II and CD154 among CD4 T cells of IPF pa-
tients (f, n & 18) and normal controls (!, n & 18).
B, Cytokine production by CD4 T cells of IPF pa-
tients compared with those of normal controls, de-
termined by intracellular staining. n & 15 in each,
except TGF-!1, which was studied in fewer normal
(n & 8) and IPF subjects (n & 11) due to limited
reagent.
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IPF patients with a highly sensitive immunoprecipitation assay
(6). We found the majority of IPF patient plasma samples as-
sayed here (18/22, or 82%) had demonstrable circulating IgG
autoantibodies against cellular Ags (Fig. 2). Nine plasma sam-
ples (41%) specifically immunoprecipitated an autoantigen mi-
grating at 76 –79 kDa. The majority of these particular speci-
mens also coprecipitated 25–30 kDa and !34 kDa Ags. These
findings are consistent with production of autoantibodies directed
against a complex of cellular proteins, a typical finding in autoim-
mune disorders (3, 5). Plasmas from normal individuals were negative
in this assay, as previously described (6). None of the IPF plasma
specimens had autoantibodies that recognized known Ags associated
with connective tissue diseases, including ribonucleoprotein com-
plexes, topoisomerase I (Scl 70), centromere, RNA polymerases I, II,
or III, Ku, polymyositis-scleroderma, Th/To, Smith, SS-A or Ro,
SS-B or La, tRNA synthetases, or 5' 2,2,7-trimethyl guanosine cap,
using reference standard sera.

TCR repertoires in IPF patients

TCRBV region expressions of CD4 T cells were highly biased
among all the IPF subjects studied here (Fig. 3). Every one of these
subjects had one or more abnormal gene expansions among the 14
TCRBV assayed here, and these perturbations were often of con-
siderable magnitude (Fig. 3). In contrast, TCRBV repertoires in all
the age-matched controls were uniform with expression levels
within normal ranges ( p % 0.001).

To confirm that CD4 TCRBV expansions in IPF subjects were
specifically due to clonal proliferations, VDJ segments from rep-
resentative specimens were cloned and sequenced (7). Invariable
findings of shared sequences within all the specimens assayed
proved the abnormal expansions were due to oligoclonal prolifer-
ations (Table II). In some cases, the daughter progeny of a single
progenitor T cell accounted for !100% of the abnormal TCRBV
expansions.

FIGURE 2. Autoantibodies in plasma of IPF
patients immunoprecipitate various proteins
from K562 cells. Shown are the results of 13 IPF
patients and 6 healthy controls (numbered),
m.w. standards (kDa), and defined autoimmune
disease Ag standards (Std). Arrows denote fre-
quently seen 76–79, 34, and 25 kDa Ags.

FIGURE 3. Left panel, Composite autoradiograph of
TCRBV gene determinations by RNase protection as-
say. TCRBV profiles seem similar and individual gene
values are within normal ranges among healthy controls
(lanes 1–3). In contrast, IPF patients (lanes 4–7) exhibit
markedly abnormal TCRBV gene expansions ((2 SD
from mean normal values), denoted by asterisks (!).
Middle panel, Numbers of abnormally expanded
TCRBV among individual subjects. None of the normal
controls (n & 6) had abnormal expansions, but these
were ubiquitous among IPF patients (n & 16). Right
panel, The magnitude of the abnormalities among the
IPF patients, defined as number of SD ( mean normal
values, was often considerable. Horizontal bar repre-
sents the mean.
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Proliferative responses to autologous lung Ags

Because the hallmark of an adaptive immune response is a dem-
onstration of Ag reactivity (3–5), we examined CD4 T cell pro-
liferations in cocultures with water-soluble protein extracts of au-
tologous lung explants from patients with end-stage IPF (n & 9),
other lung diseases (n & 9), and normal lungs that were not used
in therapeutic transplantations (n & 6).

To exclude potential confounding of in vitro IPF cultures, we
omitted analyses of IPF specimens with any evidence of microbial
infection or colonization, determined by both detailed postexplan-
tation histologic evaluations, and bacterial and fungal cultures.
Likewise, none of the IPF specimens used here had gross or mi-
croscopic evidence of neoplasms. Lung explant specimens from
patients with end-stage pulmonary artery hypertension (n & 4)
were similarly free of infections and neoplasms. In contrast, we
found it impossible to procure lungs from patients undergoing
transplantation for end-stage chronic obstructive pulmonary dis-
ease (COPD) that were similarly unaffected, and all of these ex-
plant specimens (n & 5) had infections proven by microbial cul-
tures or histology, or an intrapulmonary neoplasm.

In addition, to preclude the remote possibility that intergroup
differences in proliferative responses to autologous lung extracts
might be due to inherent differences in lymph node cell popula-

tions, we characterized phenotypes of these preparations by flow
cytometry among a consecutive series of recent specimens, and
found no significant differences (Fig. 4). Moreover, variations in
responsiveness to added autologous lung extracts cannot be attrib-
uted to greater inherent (basal) proliferations, since there were no
meaningful differences among unstimulated (media control) BrdU
incorporations (Fig. 5A).

We did find, however, that water-soluble protein extracts from
autologous lungs always induced proliferation of lymph node CD4
T cells from IPF patients (Fig. 5, B and C). With a single exception
(a fungal-infected COPD explant), the addition of autologous lung
extracts did not increase BrdU incorporation in specimens from the
other subjects, relative to corresponding unstimulated (media con-
trol) cultures.

Lung extract antigenicity, as determined by autologous
lymph node CD4 T cell proliferation, was unaffected by extract
boiling (for "20 min), repeated freeze-thaw cycles, and pro-
longed ((3 wk) storage at 4°C (data not shown). Repeated cy-
cles of lymph node cell stimulation in vitro with the extract at
7- to 10-day intervals resulted in incrementally augmented pro-
liferative responses, consistent with derivation of Ag-respon-
sive T cell lines (Fig. 5D). Furthermore, fractionations of the
extracts using physiochemical techniques (based on protein

Table II. Clonal Determinations (TCR VDJ sequences) in IPF patientsa

Subject BV N-D-N BJ
No. of Identical/No.
of Sequenced (%)

K60 GCAGC CGGGACGGGGGACCTTACA TACAA 7/7 (100)
(16S1) (2S1)

K7 GTGAG CCGACTGCGGA GAGCT 3/3 (100)
(12S1) (2S2)

K73 ATTTT GGGGAGTTAGG GCCCC 10/11 (91)
(15S1) (1S5)

K62 AGCAG GCCCGGGACAGGGTCTTCA GGAAA 2/6 (33)
K50 GCAGT ATTACTCCACCGGGACAGGGGC CTTCG 3/12 (25)

(8S2) (2S7)
GTTTA TCGGGGGGA AGCAA 2/12 (17)
(8S2) (1S5)
GCAGT CTCGGGACCCC CAATG 2/12 (17)
(8S2) (2S1)

K66 AGCAG CTACGGACGGGGGG ATCAG 3/12 (25)
(8S2) (1S5)

K46 GTTAT ATGGCGGGGACCA ACGCA 2/13 (15)
(14S1) (1S5)

S1 AGCAG GCATGGCAGGGTTGC TGGCT 2/14 (14)
(8S2) (1S2)

a Shown are VDJ sequences cloned from selected TCRBV expansions in IPF patients. All specimens assayed had evidence
of clonality. The extent of sequence identity was often considerable, thus demonstrating extreme oligoclonality or monoclonality.
As an example, 100% of CD4 T lymphocytes from patient K60 that expressed BV16S1 appeared to be daughter progeny of a
single founder cell.

FIGURE 4. Phenotypes of pulmonary hilar lymph
node cells. Characterizations of freshly isolated lymph
node cells show no significant intergroup differences in
cell populations or extent of in situ activation.
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size, charge, etc.) have also indicated that antigenicity, deter-
mined by autologous lymph node cell proliferations, can be
enhanced by partial purifications. As an example, the greatest
antigenicity in five specimens tested to date has been signifi-
cantly greatest among those proteins that precipitate in the 40 –
60% ammonium sulfate saturation fractions (data not shown).

Discussion
We hypothesized the pathogenesis of IPF could involve injuries
initiated or sustained by lymphocytes that were activated by a spe-
cific Ag. Following activation, “armed” effector T cells elaborate
mediators and trigger inflammatory cascades that can cause aber-
rant fibrosis (3, 4, 12–15). Multiple measures here show CD4 T
cells in IPF patients have characteristics identical with those in
other fibroproliferative diseases that are associated with abnormal
immune responses (3–5).

Among other observations, significantly greater proportions of
circulating CD4 T cells from IPF patients were activated compared

with normal controls. More tellingly, the present data also show
highly biased peripheral CD4 TCRBV repertoires in the IPF pa-
tients (Fig. 3) that are specifically attributable to oligoclonal pro-
liferations (Table II) and, hence, de facto evidence of a cellular
immune response to a conventional peptide Ag (3, 7, 16). These
particular data extend previous findings that indicated TCR reper-
toires of lung lymphocytes within bronchoalveolar lavages from
IPF patients are qualitatively biased (17).

Multiple previous studies have shown activated lymphocytes
can directly augment collagen synthesis of mesenchymal cells
(12–15, 18, 19), and several T cell effector functions surveyed here
could have particular relevance for IPF pathogenesis. Expression
of CD154 was more frequent on the IPF CD4 T cells, and cognate
engagements of this receptor with CD40 on fibroblasts cause the
latter to increase their synthesis of collagen and proinflammatory
mediators (8), as well as blunting inhibitory effects of IFN-% on
fibroproliferation (9). TGF-!1 also seems to play an especially
important role in the development of fibroproliferative diseases (4,
10), including stimulation of fibroblast chemotaxis (20), augmen-
tation of extracellular matrix production, and reduced degradation
of these matrices by metalloproteases (21). The increased produc-
tion of IL-10 by IPF CD4 T cells seen here is consistent with
observations of TH2 dominance in many fibroproliferative disor-
ders (4), although the actions of this particular cytokine have been
variously implicated as both fibrosis promoting and inhibiting (4,
22). TNF-&, also shown here to be more frequently produced by
IPF CD4 T cells, promotes in vivo fibrosis with overexpression in
animal models (23), enhances actions or production of TGF-!
(24), and increased elaboration by lung cells and PBMC from IPF
patients has been previously reported (25).

Our findings of numerous, diverse, and often complexed, circulat-
ing autoantibodies in (80% of IPF patients also extend a series of
earlier reports that described several B cell abnormalities in this dis-
ease. Organized B cell aggregates have been noted in IPF lungs (26,
27), as well as intrapulmonary deposits of immune complexes
(28). Several previous studies have also shown circulating immune
complexes and autoantibodies against a variety of cellular self-Ags
in IPF patients (29–32). In addition to potential direct cytopathic
effects (28), autoantibodies may also contribute to IPF pathogen-
esis by altered regulation of other mediators, including increasing
TGF-!1 production by alveolar epithelium (32).

The defining feature and proof of a cellular immune process is
a direct demonstration of antigenicity (3–5). The present data show
protein extracts of IPF lungs uniquely enhance BrdU uptake of
autologous CD4 T cells (Fig. 5), and characteristics of these pro-
liferations are classic for responses to protein Ags.

Although we cannot exclude the potential that the IPF Ag evi-
dent within lung explants is a product of a chronic infection (e.g.,
a virus) (1), it seems only remotely possible the CD4 T cell pro-
liferations observed here were confounded by responses to acutely
colonizing, irrelevant microbes. None of the IPF subjects had clin-
ical features of active infection, nor was there any evidence of
same in detailed microscopic examinations and cultures of the ex-
plants. The inclusion of COPD controls with overt infections also
shows that the presence of microbes is not invariably stimulatory
in this model.

We also believe it unlikely that these findings are unduly con-
founded by medications taken by some of the IPF patients. Ethical
and other clinical considerations preclude abrupt medication dis-
continuations in these ill-fated subjects, solely for study purposes,
despite the dubious efficacy of the treatments (11). Immunosup-
pressants have been previously reported to decrease production of
proinflammatory cytokines (33), autoantibodies (34), and oligo-
clonal T cell proliferations (35). Moreover, previous findings of

FIGURE 5. A, BrdU incorporation by hilar lymph node CD4 T cells.
There were no significant intergroup differences among nodal CD4 T cells
in basal, unstimulated cultures. B, BrdU incorporation in cultures stimu-
lated with autologous lung protein extracts was greatest among IPF CD4 T
cells. C, Specific proliferation (extract-stimulated minus unstimulated [me-
dia control] BrdU uptake in paired, corresponding cultures) was much
greater in IPF CD4 T cells. D, Proliferation ([3H]thymidine incorporation)
was enhanced in IPF lymph node cell cultures after repeated in vitro cycles
of stimulation with autologous lung extracts, as shown in this example,
despite using fewer numbers of cells and more dilute extracts in third
stimulation (10 #g/ml protein) than in initial stimulation (100 #g/ml).
“Other” denotes specimens with other lung diseases (COPD and pulmo-
nary artery hypertension); N.S., not significant, p values (B and C) denote
significant differences in comparisons between IPF and both other subject
populations. Horizontal bars represent the means.
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normal TCRBV repertoires among heavily immunosuppressed al-
lograft recipients with no evidence of rejection show these medi-
cations do not, conversely, induce de novo TCR biases or CD4 T
cell oligoclonal expansions per se (7). Whatever trends might be
present suggested medications actually could decrease some of the
abnormal T cell findings here. The present data reflect ongoing
immunologic processes in a large cohort of real-life IPF patients,
both on and off medical treatments, and even if these medications
had significant, albeit undetectable, effects on the assays here, this
confounding would almost certainly act to minimize the immuno-
logic abnormalities we observed in these subjects.

The role of immune mechanisms in the pathogenesis of IPF has
been questioned largely on the basis of extrapolations made from
clinical observations (2). One of these arguments centers on sub-
jective interpretations of pulmonary biopsies that typically show
the inflammatory infiltrates within lungs of far-advanced IPF are
not prominent. However, multiple investigations also demonstrate
mononuclear collections (including activated effector T cells) are
unmistakably present in IPF lungs (1, 26, 27, 36–39). Moreover,
similar or even lesser degrees of T cell infiltration are frequently
noted in other adaptive immune diseases, including lung allograft
rejection (40) and various autoimmune syndromes (1, 36, 37, 41–
44), particularly in late fibrotic stages.

The refractoriness of IPF to conventional immune modulation
therapy has also been cited as evidence that precludes an inflam-
matory pathogenesis (2). However, resistance to treatment is com-
mon in many other fibroproliferative diseases in which T cells are
known to play central roles, particularly in late cases with ad-
vanced lung fibrosis and a paucity of active, ongoing alveolitis
(analogous to IPF), and mortality among these patients remains
considerable despite drug treatments (3, 4, 7, 41–44). Among
many possibilities, autoreactive T cell clones may be relatively
resistant to conventional immune modulation, particularly after un-
dergoing phenotypic changes induced by repetitive proliferations
(45). Thus, conventional treatments could potentially enrich for
disease-causing lymphocytes, and increase their homeostatic pro-
liferations (to fill the “T cell void”). Alternatively, treatments
could selectively deplete more susceptible disease-inhibiting reg-
ulatory T cells or immune effectors that predominantly elaborate
anti-fibrotic mediators, including IFN-% or IL-10. The injurious
responses downstream of the initial adaptive immune activation
could also be self-sustaining, even after later depletions of the
inciting lymphocytes, or become irreversible, despite the presence
of anti-fibrotic mediators, especially if these processes were far
advanced (46). Finally, currently used treatments are nonselective
immunosuppressants that do not specifically target and may not
have much comparative efficacy on activated effector T cell clones,
and in any event, these agents have myriad toxic effects that ulti-
mately limit their dosing (47).

The present data show that IPF patients frequently have auto-
antibodies and self-reactive CD4 T cells, thus fulfilling diagnostic
criterion of an autoimmune disease (5). Identification of the IPF
Ag that initiates or drives this process awaits additional study, but
possibilities include exogenous environmental proteins or haptens,
products of a chronic microbial infection (e.g., microbial mimicry)
(3), or neoaccessibility of a normally sequestered self-determinant
for which tolerance has been lost or was never acquired (48). Fu-
ture developments could possibly obviate or ameliorate these pro-
cesses by specific targeting of pathogenic T cell clones or sub-
populations, production of Ag-specific regulatory T cells or, if this
disease is a generalized response triggered by a still-undiscovered
chronic microbial Ag (3, 5), direct eradication (or prevention) of
the inciting infection.
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