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Autoimmunity to Vimentin Is Associated with Outcomes of
Patients with Idiopathic Pulmonary Fibrosis

Fu Jun Li,* Ranu Surolia,* Huashi Li,* Zheng Wang,* Tejaswini Kulkarni,*

Gang Liu,* Joao A. de Andrade,*,† Daniel J. Kass,‡ Victor J. Thannickal,*,†

Steven R. Duncan,*,1 and Veena B. Antony*,1

Autoimmunity has been implicated in the pathogenesis of idiopathic pulmonary fibrosis (IPF); however, the repertoire of autoan-

tigens involved in this disease and the clinical relevance of these autoimmune responses are still being explored. Our initial discovery

assays demonstrated that circulating and intrapulmonary vimentin levels are increased in IPF patients. Subsequent studies showed

native vimentin induced HLA-DR–dependent in vitro proliferation of CD4 T cells from IPF patients and enhanced the production

of IL-4, IL-17, and TGF-b1 by these lymphocytes in contrast to normal control specimens. Vimentin supplementation of IPF

PBMC cultures also resulted in HLA-DR–dependent production of IgG with anti-vimentin specificities. Circulating anti-vimentin

IgG autoantibody levels were much greater in IPF subjects from the University of Alabama at Birmingham (n = 102) and the

University of Pittsburgh (U. Pitt., n = 70) than in normal controls. Anti-vimentin autoantibody levels in IPF patients were HLA

biased and inversely correlated with physiological measurements of lung function (i.e., forced expiratory volumes and diffusing

capacities). Despite considerable intergroup differences in transplant-free survival between these two independent IPF cohorts,

serious adverse outcomes were most frequent among the patients within each population that had the highest anti-vimentin

autoantibody levels (University of Alabama at Birmingham: hazard ratio 2.5, 95% confidence interval 1.2–5.3, p = 0.012;

University of Pittsburgh: hazard ratio 2.7, 95% confidence interval 1.3–5.5, p = 0.006). These data show that anti-vimentin

autoreactivity is prevalent in IPF patients and is strongly associated with disease manifestations. These findings have implications

with regard to the pathogenesis of this enigmatic disease and raise the possibility that therapies specifically directed at these

autoimmune processes could have therapeutic efficacy. The Journal of Immunology, 2017, 199: 1596–1605.

I
diopathic pulmonary fibrosis (IPF) is a chronic morbid
fibroproliferative disease that affects $100,000 older adults
in the United States each year (1). The prognosis of IPF is

poor, with median survival ∼ 3 y, and the only currently ap-
proved medications have modest efficacy. Autoimmunity has
been implicated in the development and/or progression of IPF,
although many details of these immune responses remain enig-
matic (2–8).

Focal B cell infiltrations have been found in IPF lungs, particularly
in proximity to the fibroblastic foci that characterize this disorder (9–

11). B cell aggregates in nonlymphoid organs are highly abnormal
and produce pathogenic vasoactive and profibrotic mediators, as

well as Abs and autoantibodies (12). Many injurious autoantibodies

in IPF patients have been described, with specificities that include

IL-1 (2), periplakin (4), endothelial cells (5), heat shock protein 70
(HSP70) (6), and annexin 1 (7). Several of these autoantibodies are

qualitatively associated with clinical manifestations and/or adverse

outcomes in IPF patients, and reducing autoantibodies by targeted

specific therapies was recently shown to be beneficial in acute ex-
acerbations of this lung disease (8).
Activated T cells, including autoreactive CD4 T cells, are also

found in the circulation, lung tissues, hilar lymph nodes, and

bronchoalveolar lavage fluid (BALF) of IPF patients (3, 13–15).

T cell–related genes and proteins, such as CD28 and LCK, have
been identified as prognostic biomarkers in IPF (13, 16). Fur-

thermore, T cell depletion attenuates fibroblast proliferation and

extracellular matrix (ECM) accumulation in experimental models

of pulmonary fibrosis (17).
In the current study, we show that endothelial cell secretion of

vimentin is augmented by TGF-b1, an important profibrotic cy-

tokine of IPF that is increased in IPF lungs, and that circulating

vimentin is increased in IPF subjects compared with normal
controls. We also demonstrate that soluble vimentin drives HLA

class II–dependent in vitro proliferation and production of IL-4,

IL-17, TGF-b1, and anti-vimentin IgG in cultures of PBMCs from

IPF patients. We also found that concentrations of circulating anti-
vimentin IgG autoantibodies are greater in IPF subjects than in

healthy controls, are HLA class II biased, and correlate signifi-

cantly with the clinical manifestations and outcomes of individual
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patients. These data suggest that cellular and humoral anti-vimentin
autoreactivity may be pathogenic and clinically important in IPF.

Materials and Methods
Subjects and subject specimens

IPF patients were recruited fromUniversity ofAlabama atBirmingham (UAB)
Interstitial Lung Disease clinics. Diagnoses were prospectively established
by expert clinicians who were unaware of these experiments, and all IPF
subjects fulfilled current consensus criteria (1). Determinations of forced vital
capacity (FVC) and diffusing capacity for CO (DLCO), expressed as the
percentages of predicted values, were performed according to standard
guidelines (18). PBMCs were isolated from venous phlebotomy specimens
from these patients and healthy volunteer controls by density gradient cen-
trifugation (2, 13). Plasma was collected by centrifugation of anticoagulated
blood. All subjects recruited for these studies gave written informed consent.

Additional IPF and normal control plasma and BALF specimens were
obtained from Institutional Review Board–sanctioned biorepositories at
UAB and the University of Pittsburgh (U. Pitt.).

Normal lung tissue specimens were obtained from the uninvolved lobes
of control patients during video-assisted thoracic surgery evaluation of
solitary nodules. IPF pulmonary specimens were procured from diseased
lungs removed during therapeutic transplantations (2).

All studies were approved by the Institutional Review Boards at UAB
and U. Pitt.

ELISAs

Vimentin in plasma and cell culture media was quantified using a com-
mercially available human ELISA (MyBioSource, San Diego, CA). Anti-
vimentin autoantibodies were measured with an Anti-Vimentin IgG ELISA
Kit (VIDIA, Atlanta, GA).

Immunohistochemistry

Formalin-fixed, paraffin-embedded lung tissues were used in immunohis-
tochemistry (IHC) performed with a Dako EnVision Visualization System,
following a standard protocol. Sections were stained with primary Abs
against vimentin (1:500) or a-SMA (1:400; both from Santa Cruz Bio-
technology, Santa Cruz, CA). Sections were also stained using a Picro
Sirius Red Stain Kit (Abcam, Cambridge, MA) for evaluation of collagen
types 1 and 3. Slides were imaged by light microscopy at 2003, and
staining intensity was quantitated using BIOQUANT Image Analysis
software (BIOQUANT, Nashville, TN).

Cell cultures

Human microvascular endothelial cells (HMEC-1) were obtained from the
American Type Culture Collection and cultured in MCDB 131 medium
supplemented with 20% FCS, 10 ng/ml human insulin, 20 ng/ml EGF, 100
ng/ml hydrocortisone, 2 mM L-glutamine, and 100 U/ml penicillin and
streptomycin. PBMCs were cultured in RPMI 1640 medium with 10%
FCS, 2 mM L-glutamine, 20 mM HEPES, 0.05 mM 2-ME, and 100 U/ml
penicillin and streptomycin. All cells were cultured at 37˚C in 5% CO2.

In vitro vimentin assays

To examine vimentin secretion, supernatants fromHMEC-1 cells, treated with
the specified concentration of TGF-b1 (R&D Systems, Minneapolis, MN) at
various time points, were collected and concentrated by ultrafiltration using a
Amicon Ultra-15 10 K centrifugal filter (Merck Millipore, Carrigtwohill,
Ireland). Soluble vimentin was detected and quantitated by ELISA (see
above), with substantiation and size confirmation by Western blots, after
staining with anti-vimentin mAb (5G3F10) (Sc66002; Santa Cruz Bio-
technology) and anti–b-actin mAb (Sigma-Aldrich, St. Louis, MO).

For native vimentin production and isolation, HMEC-1 cells were serum
starved (0.25% FCS) for 2 d and then stimulated with 2 ng/ml TGF-b1 for
48 h. Culture supernatants were concentrated with a centrifugation filter
and incubated with anti-vimentin mAb overnight at 4˚C. Vimentin–mAb
complexes were immunoprecipitated on Protein A/G Agarose (Santa Cruz
Biotechnology), washed, eluted, and resolved by SDS-PAGE. Protein
concentrations were determined using a Micro BCA Protein Assay Kit
(Thermo Fisher, Rockford, IL). Endotoxin was not present in detectible
amounts among these preparations, as assessed using a Limulus Amebo-
cyte Lysate test kit (Lonza, Atlanta, GA).

Lymphocyte assays

PBMCs for proliferation assays were cultured or not with vimentin stim-
ulation (0.2 or 1.0 mg/ml) for 2 or 4 d. Proliferation was determined by

CFSE labeling and flow cytometry after staining with anti-CD3–allophy-
cocyanin and anti-CD4–PE (both from BD Biosciences, San Jose, CA) and
gating on CD3+CD4+ cells (13). Cultures were supplemented in some
cases with F(ab9)2 anti–HLA-DR that was prepared from HLA-DR Ab
(BioLegend, San Diego, CA) using an ImmunoPure F(ab9)2 preparation kit
(Thermo Fisher). For intracellular cytokine measurements, PBMCs were
cultured or not with vimentin (1 mg/ml) for 2 d in the presence of Brefeldin
A (BioLegend) and then stained with anti-CD3 and CD4, followed by
intracellular staining with Abs against IL-4, IFN-g, TNF-a, IL-10, and IL-
17A (all from BioLegend) and anti–TGF-b1 and anti-FOXP3 mAbs (both
from BD Biosciences).

Flow cytometry data for these assays were acquired from $10,000 cells
using a FACSCalibur (Beckman Coulter, Indianapolis, IN) (13) and ana-
lyzed using FlowJo software (TreeStar, Ashland, OR).

For in vitro anti-vimentin autoantibody production, PBMCs isolated
from IPF patients were cultured or not with vimentin (1 mg/ml) in the
presence or absence of F(ab9)2 anti–HLA-DR (2 mg/ml). Supernatants
were collected after 48 h, and anti-vimentin autoantibodies were measured
by ELISA.

HLA class II allele determinations

PCR sequence-specific primer amplifications, using a commercial primer
kit (AllSet+ Gold; Life Technologies, Grand Island, NY), were used to
define HLA class II DR and DQ alleles, using DNA extracted from PBMCs
(19). Allele prevalence was calculated as the percentage of subjects with
one or two copies of a particular polymorphism (19).

Statistical analysis

Unless otherwise denoted, continuous variables are presented as mean 6
SD, and categorical variables are described as percentages or proportions.
Two- and three-group comparisons of continuous variables were made
using the Mann–Whitney and Kruskal–Wallis test, respectively. Dichoto-
mous variables were analyzed by the x2 test. Relationships between con-
tinuous variables were analyzed by Spearman rank correlations. Survival
analyses were performed using product-limit estimation. Hazard ratios
(HRs) and 95% confidence intervals were established by Cox proportional
hazard regression. The p values , 0.05 were considered significant.

Results
Levels of vimentin are increased in IPF patients

Initial unbiased exploratory studies to discover disease pathways in
IPF lungs had revealed that vimentin was present in the exhaled
breath condensate (EBC) of IPF patients but not in EBCs from nor-
mal volunteers (data not shown). Vimentin, most widely appreciated
as an intracellular intermediate filament protein, can also be secreted
by various cell types, and it appears to exert a number of important
extracellular effects, including reactive oxygen species generation,
microbial killing, and regulation of immune functions (20–22).
These findings prompted us to investigate whether soluble

vimentin was also present in plasma from IPF patients and, if so,
how concentrations of this protein might vary from those of normal
individuals. As shown in Fig. 1A, vimentin levels in IPF patients
were greater than in normal controls.
IHC of lung tissues showed intrapulmonary expression of

vimentin was also increased in IPF specimens, along with the
expected greater amounts of ECM proteins, in comparison with
control lungs (Fig. 1B, 1C).

TGF-b1 induces extracellular vimentin secretion

TGF-b1 is an important mediator of ECM production and IPF
pathogenesis that is increased in the lungs of these patients (1, 23).
This cytokine is also known to increase intracellular vimentin
production in various cell subpopulations that are involved in IPF
lung remodeling, including epithelial and endothelial cells (24,
25). However, the role of TGF-b1 in the regulation of vimentin
secretion is less certain. Given our findings that this protein is
uniquely increased in the EBCs, circulation, and lungs of IPF
patients (Fig. 1A–C), we explored the possibility that TGF-b1 also
regulated extracellular vimentin levels.
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Treatment with TGF-b1 led to significant increases in secreted
vimentin in conditioned media, and this response was time and
dose dependent (Fig. 1D).

Vimentin is an autoantigen of IPF CD4 T cells

The preceding findings showed that vimentin is increased in circu-
lation and lungs of IPF patients. Because pathologic overexpression

of otherwise immunologically inert proteins can result in their
becoming immunogenic (26–29), we explored the possibility that
the high levels of vimentin in IPF patients may be associated with
autoreactivity to this protein.
Vimentin was purified from human endothelial cells treated with

TGF-b1 to test the immunogenicity of the native protein. The
quality of the enrichment procedures was examined using a specific

FIGURE 1. Vimentin expression is increased in IPF. (A) Plasma vimentin levels are greater in IPF patients than in controls (Con). Each dot represents an

individual subject, and horizontal lines and numbers indicate the median values. (B) IHC shows that vimentin is expressed more in IPF lungs, along with

a-SMA and collagen types 1 and 3 (per Picro Sirius Red stains) compared with normal specimens. Images are representative of studies in eight specimens.

Scale bars, 50 mm. (C) Staining density was quantified, and the average positive area density was calculated from 10 random areas. Densities are denoted in

arbitrary units. (D) Vimentin was measured in the supernatants of HMEC-1 cell cultures after incubation with TGF-b1 for various durations (left panel) and

various TGF-b1 concentrations (right panel). *p , 0.05, **p , 0.01.
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anti-vimentin Ab (data not shown). A Limulus Amebocyte Lysate
test kit did not detect any endotoxin in these preparations. The

extent of CD4 T cell proliferation induced by vimentin was much

greater among IPF specimens than in those from normal controls

(Fig. 2A, 2B). These responses were dose dependent and were

associated with a reduction in CD4 T cell production of FOXP3

(Fig. 2C, 2D).
We also found increased frequencies of CD4 T cells among IPF

patients that produced IL-4, IL-17, and TGF-b in response to

vimentin stimulation (Fig. 3). The proportions of CD4 T cells that

produced IFN-g, TNF-a, and IL-10 were not altered by addition

of vimentin to cultures (Supplemental Fig. 1).

Vimentin cellular autoreactivity is HLA-DR dependent

CD4 T cell proliferation and cytokine production in vimentin-
treated cultures were diminished significantly by pretreatment

with anti–HLA-DR Ab, whereas the Ab alone did not have any

appreciable effects (Fig. 4, Supplemental Fig. 2). HLA-DR block-

ade also resulted in lesser decrements in FOXP3+ cells after stim-

ulation with vimentin (Supplemental Fig. 2).

Vimentin induces in vitro Ab production

Because of the multiple findings that showed native vimentin is
a potent cellular autoantigen of IPF CD4 T cells (Figs. 1–4), we

tested the possibility that this protein can also induce production

of IgG Abs with anti-vimentin specificity. As illustrated in Fig. 5A,

vimentin supplementation of IPF PBMC cultures induced pro-

duction of anti-vimentin IgG, and these responses were also HLA

class II dependent.

Anti-vimentin autoantibodies are increased in IPF patients and
are HLA biased

The in vitro findings described above prompted the measure of
corresponding autoantibodies in human subjects. As shown in

Fig. 5B, circulating levels of anti-vimentin IgG were higher in the

initial (discovery) cohort of IPF patients from UAB, as well as in

replication specimens obtained from U. Pitt. patients (Table I). We
also analyzed the levels of anti-vimentin IgG in chronic obstruc-
tive pulmonary disease patients, which were used in this study as
lung disease controls. The levels of anti-vimentin IgG in the
chronic obstructive pulmonary disease patients were slightly
higher than the normal controls but were significantly lower than
those in IPF (Supplemental Fig. 3A). Of note, absolute values, as
well as the relative intergroup differences between the respective
controls and IPF specimens, were similar in both cohorts. Anti-
vimentin autoantibody levels in IPF BALF were also significantly
higher than those in controls (Supplemental Fig. 3B). A post hoc
analysis showed that removal of the patients on immunosuppres-
sants (low-dose prednisone and/or azathioprine) and N-acetylcysteine
did not significantly alter anti-vimentin levels (data not shown). None
of these patients were taking antifibrotics (pirfenidone or nintedanib)
during this study (Table I).
Given our findings that cellular and humoral autoreactivities

to vimentin are HLA dependent in IPF patients, and with fore-
knowledge that Ag-specific adaptive immune responses (and au-
toimmune responses in particular) are typically HLA biased, we
analyzed HLA allele frequencies in this lung disease population.
DNA for these analyses was available for 82 of the UAB IPF
patients and for all 70 of the U. Pitt. subjects. Anti-vimentin au-
toantibody ELISA OD values tended to be greater among UAB
IPF patients who were positive for DQb1*02 and DRb1*11, and
they were significantly diminished in those who were positive for
DRb1*1501 (Supplemental Table I). Analyses of the U. Pitt.
replication cohort could not substantiate increased autoantibody
association with DQb1*02 or DRb1*11 alleles, but they did
confirm that DRb1*1501 is protective for development of anti-
vimentin autoantibodies (Fig. 5C).

Discordance of IPF autoimmune responses to vimentin
and HSP70

We had previously reported that autoreactivity to HSP70 was
prevalent in IPF patients (6). To further explore the associations, if

FIGURE 2. Supplementation of

PBMC cultures with native vimentin

induced proliferation of CD4 T cells

from IPF patients. (A) Representa-

tive line graphs showing CFSE di-

lution in gated CD4 T cells from

controls (Con.) and IPF patients.

Dose dependence was evident in

increasing vimentin concentrations

from top to bottom. (B) Quantitation

of aggregate CFSE assays in Con.

(n = 10) and IPF (n = 15). Repre-

sentative line graphs showing down-

regulation of CD4 T cell FOXP3 (C)

and aggregate compilations of the

same (D). Cultures in these studies

were stimulated or not with vimentin

(1 mg/ml). **p , 0.01.
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any, between anti-vimentin and anti-HSP autoimmune responses
in this disease population, we looked for correlations among the
42 subjects in this study who had circulating anti-HSP70 auto-
antibody measurements in the context of earlier studies (6). We
found no association between these two autoimmune responses
(Fig. 5D).

Anti-vimentin autoantibodies are correlated with clinical
manifestations of IPF patients

We hypothesized that if the IPF anti-vimentin autoreactivities
represent pathogenic autoimmune responses, they should be as-
sociated with clinical manifestations of this lung disease. We found
a significant inverse correlation between levels of anti-vimentin

autoantibodies and measures of pulmonary function, and these
were remarkably similar in both independent IPF cohorts (Fig. 6A).
To examine survival as a function of anti-vimentin autoanti-

bodies, we stratified subjects in each cohort into tertiles, and
subjects in the tertile with the highest anti-vimentin levels (per
ELISA OD) in each cohort were compared with the 67% of
corresponding subjects who had lesser autoantibody OD values.
The UAB IPF patients with the greatest anti-vimentin autoanti-
body levels had significantly worse transplant-free survival than
did patients with lower concentrations (Fig. 6B, left panel). This
anti-vimentin autoantibody-survival association was confirmed
in the IPF patients from U. Pitt. (Fig. 6B, right panel). Of note,
the magnitudes of these clinical–immunological associations

FIGURE 3. Vimentin induces production of IL-4, TGF-b1, and IL-17 among CD4 T cells from IPF patients. (A) Representative line graphs of gated

CD4 T cells from Control (Con.) and IPF PBMC cultures, with and without supplementation by native vimentin (1 mg/ml). (B) Analyses of results in 10

Con and 15 IPF preparations. Results of other cytokine assays are depicted in Supplement Fig. 1. **p , 0.01.

FIGURE 4. IPF CD4 T cell pro-

liferative responses to vimentin are

HLA class II dependent. (A) Repre-

sentative line graphs depicting that

addition of F(ab9)2 anti-human HLA-

DR (2 mg/ml) inhibits vimentin-

induced (1 mg/ml) CD4 T cell pro-

liferation. (B) Aggregate results of

CFSE proliferation assays among

Control (Con., n = 10) and IPF speci-

mens (n = 15). *p, 0.05, **p, 0.01.
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(i.e., HRs) were also similar in both populations (Fig. 6B), despite
considerable differences in overall mean survival between the
UAB and U. Pitt. populations, which are primarily due to the
greater proportion of lung transplantations in the latter (Table I).
Although this was not designed nor intended to be a rigorous

comparison of distinct IPF-associated autoantibody assays, which
would, at the least, require analyses of far larger numbers of
subjects than were available, we explored the possibility that the
differential results of the anti-vimentin and anti-HSP70 autoanti-
body assays may distinguish one or more clinical phenotypes or
subsets of IPF subjects. Patients with high levels of anti-vimentin
autoantibodies alone did not differ from those with high levels of
anti-HSP70 only with respect to age, gender, smoking history, or
pulmonary function tests (data not shown). However, and despite
the small numbers of subjects in this study, those IPF patients with
the highest levels of both anti-vimentin and anti-HSP70 had sig-
nificantly worse pulmonary function and survival than did patients
who had a single increased autoantibody level (either anti-vimentin
or anti-HSP70) or no increased autoantibody levels (Fig. 6C, 6D).

Discussion
The etiology of IPF has not been established, and the role of
immune mechanisms in this disease remains controversial (1).
Nonetheless, the data presented in this article show that autor-
eactivity to vimentin is prevalent in IPF. CD4 T cells from IPF
patients exposed to vimentin have exaggerated proliferative and
effector responses (Figs. 2, 3). Furthermore, plasma concentra-
tions of anti-vimentin IgG are inversely correlated with IPF se-
verity, and afflicted patients with the highest concentrations of
anti-vimentin autoantibodies have especially poor prognoses
(Fig. 6). These findings add to a growing body of evidence that
show that adaptive immune processes, including reactivity to vari-
ous self-antigens, are associated with progression of this highly
morbid and difficult-to-treat lung disease (2–11, 13–17, 19).
The characteristics of anti-vimentin autoimmunity in IPF pa-

tients fulfill the defining features of a clinically relevant Ag-specific
autoimmune response. As a first principle, the biologic plausibil-
ity of a pathogenic autoimmune process is conditional on finding
the corresponding self-antigen within the diseased organ(s), and

FIGURE 5. Anti-vimentin autoantibodies, HLA-DRb1*15 biases, and discordance between two autoantibody responses in IPF patients. (A) Incubation

of IPF PBMC cultures with native vimentin (Vim; 1 mg/ml) and without (Medium) increased levels of anti-vimentin autoantibodies; these responses were

blunted by prior addition of F(ab9)2 anti-human HLA-DR (2 mg/ml). (B) Plasma levels of anti-vimentin IgG autoantibodies were greatest among IPF

patients in each cohort. Horizontal lines and numbers denote median values. (C) Anti-vimentin autoantibody concentrations were lower among the IPF

patients who were positive for HLA-DRb1*15 at UAB and U. Pitt. (see also Supplemental Table I). (D) There were no apparent correlations between

autoantibody responses to vimentin and HSP70 among the IPF subjects (U. Pitt.) who had received equal measures of each. *p , 0.01, **p , 0.001.
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vimentin is singularly abundant in IPF lungs (Fig. 1). In many
model systems, the loss of tolerance to an otherwise immuno-
logically benign self-protein is promoted, at least in large part, by
abnormal high-level expression of these particular proteins (26–
29). Thus, the increased native vimentin in the IPF subjects, which
could, in turn, be a response to elevated TFG-b1 in these patients
(23), might be promoting the development of anti-vimentin au-
toimmunity (Fig. 1D).
Moreover, HLA molecules are critical components of Ag pre-

sentation to lymphocytes in conventional adaptive immune re-
sponses, and the anti-vimentin responses of IPF lymphocytes are
HLA class II dependent (Figs. 4, 5). Perturbations of HLA class II
allele frequencies among afflicted patients (allelic over- or under
representations) are another classic feature of autoimmune disor-
ders (19), and DRb1*15 was protective for anti-vimentin auto-
antibody production in both IPF cohorts in this study (Fig. 5C). In
contrast, we showed previously that clinically significant autoan-
tibody responses to HSP70 were greatest among HLA-DRb1*15+

IPF patients (19). This striking disparity, in conjunction with the
lack of correlation between anti-vimentin and anti-HSP70 hu-
moral responses (Fig. 5D), is further evidence that these are true
Ag-specific adaptive immune responses. If, instead, production of
these autoantibodies was a mere nonspecific (noncognate) epi-
phenomenon of an underlying (if cryptic) global inflammatory
process, they would be similarly affected; hence, their levels
would be more concordant (e.g., elevations of one autoantibody in
an individual would parallel levels of the other).
Most tellingly, and most importantly, lung disease manifesta-

tions were highly associated with the anti-vimentin autoantibody
measures in both of the two completely independent IPF cohorts
(Fig. 6). The biological credibility of these observations is further
supported by the intergroup similarities in the correlations be-
tween anti-vimentin OD and pulmonary function tests (Fig. 6A),
and especially by the similar risks (i.e., HRs) for serious adverse
events in the two groups (Fig. 6B), despite the considerable
overall differences in their transplant-free survivals (Table I).
The presence of these significant (and reproducible) clinical–
immunological associations is consistent with a pathogenic effect
of the vimentin autoimmune responses, as is the suggestion in this
study that the concurrent presence of multiple disease-associated
autoimmune responses may have even greater consequences
(Fig. 6C, 6D).
Among other possible injurious effects, IgG autoantibodies can

cause cytotoxicities and promote neutrophil recruitment by the
formation of Ab–Ag (immune) complexes and complement acti-
vation in target organs (30, 31), and immune complex and com-

plement deposition and neutrophilia are prominent in IPF lungs (1,
6, 10, 23). Autoantibodies can also exert pathogenic effects by
binding to functionally active extracellular cell surface or intra-
cellular Ags (6). Given the myriad activities of vimentin (20–22),
Abs to this protein have the potential to deleteriously alter platelet
function (32), cell cycle progression (33), reactive oxygen species
production (22), and leukocyte adhesion and trafficking (34).
The anti-vimentin autoreactivity of IPF CD4 T cells is also likely

to have considerable disease relevance (Figs. 2, 3). In conditions of
health, T cells typically ignore autologous proteins and do not
trigger or sustain immune injuries. Accordingly, findings of overt
T cell reactivity to a self-protein are distinctly abnormal (35). The
increased production of profibrotic cytokines that are implicated in
the development and progression of IPF (1, 23), as evidenced by
the vimentin responses of IPF CD4 T cells in this study (i.e., IL-4,
IL-17, and TGF-b1), is very unlikely to be benign.
The present findings are also congruent with several studies

that link anti-vimentin reactivity to the presence and clinical features
of other immunologically mediated diseases, such as various auto-
immune syndromes (36) and allograft rejection (37). An earlier
single-cohort study also found that serum levels of anti-vimentin
autoantibodies were elevated in 12 IPF patients compared with
normal controls (38). There were no assays of T cell responses to
vimentin in this earlier report nor was there any apparent attempt
to link the anti-vimentin autoantibodies to disease manifestations
or patient outcomes.
The present data do not establish vimentin autoreactivity as

the “sole cause” of IPF. Several of these patients did not have
higher than normal levels of anti-vimentin autoantibodies or
CD4 T cells that had vimentin reactivity (Figs. 2, 5). Nonetheless,
high levels of anti-vimentin autoantibodies are significantly over-
represented among patients who are soon destined for poor out-
comes (Fig. 6). Several other autoantibody specificities have been
reported to have similar associations with severe IPF and are also
not invariably present in all of these patients (4–7).
Autoimmunity often develops subsequent to other injurious

processes (e.g., infections, cancer) by “bystander mechanisms,”
epitope spread or mimicry, or other poorly understood mecha-
nisms (6, 39–42). In some cases, these “new” autoimmune re-
sponses can cause striking additional morbidity (e.g., carditis or
nephritis following otherwise self-limited streptococcal infections,
neurologic deficit syndromes associated with transient viral in-
fections, neoplasms) (39, 40). Thus, there are numerous biological
precedents that could plausibly explain the development of auto-
immunity in IPF as a secondary consequence of another, distinctly
different lung injury(ies) that actually triggers the disease.

Table I. Demographics and baseline characteristic of patients with IPF

UAB U. Pitt. p Value

No. of IPF patients 102 70 N/A
Age (y; mean 6 SD) 66 6 8 67 6 18 0.88
Gender (% male) 75 79 0.64
Race (% white) 89 100 0.02
Current or former smoker (%)a 64 70 0.39
Treatment with prednisone (,15 mg QD) 0 7 N/A
Treatment with azathioprine (100 mg BID) 0 2 N/A
Treatment with N-acetylcysteine (600 mg TID) 1 0 N/A
FVC (% of predicted; mean 6 SD) 64 6 20 63 6 16 0.66
DLCO (% of predicted; mean 6 SD) 45 6 17 46 6 18 0.76
Deaths (%) 23 27 0.49
Lung transplantations (%) 5 17 0.008
2-y transplant-free survival (%; mean6 SEM) 32 6 9 50 6 5 ,0.0001

aSubjects with at least a five pack-year smoking history.
BID, twice a day; QD, once a day; TID, three times a day.
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Nonetheless, at least some of the many autoimmune responses that
have been discovered in IPF patients, in addition to the anti-
vimentin in this study, seem to play important roles in disease
severity and progression (2, 4–10, 13–16). In addition, pathogenic
secondary immune responses could cause or contribute to the
well-known resistance of IPF to conventional therapies, because
many other autoantibody-mediated lung diseases are similarly
refractory to nonspecific agents, including glucocorticoids (8).
Treatments with potential immunomodulating agents (Table I) did

not seem to affect anti-vimentin levels in this study, but the
number of patients on these therapies was small, and none of these
treatments specifically target autoantibody reduction.
The present study substantiates and extends several other reports

that collectively show that IPF is often complicated by the presence
of autoreactive T cells, as well as diverse autoantibodies that have
various associations with clinical manifestations (2–10, 13, 16).
These particular characteristics also typify conventional autoim-
mune syndromes (43–45). As examples, dozens of autoantibodies

FIGURE 6. Correlations of anti-

vimentin autoantibody responses and

clinical manifestations of IPF. (A)

Plasma anti-vimentin autoantibody

concentrations were inversely corre-

lated with FVC and DLCO (as per-

centages of predicted values) in both

IPF patient cohorts. (B) Transplant-

free survival during the next 2 y was

similarly reduced in both cohorts

among the IPF patients in the tertiles

with the highest circulating anti-

vimentin levels. (C) Measures of

anti-vimentin and anti-HSP70 auto-

antibodies were available in a lim-

ited number of IPF patients. Those

who had greater than average levels

of both autoantibodies (Both High,

n = 10) had lesser FVC percentage

predicted than did the other patients

(Other) who had only a single or no

increased autoantibody concentra-

tion. There was no significant dif-

ference between FVC percentage

predicted of patients with a single

increased autoantibody (anti-vimen-

tin or anti-HSP70) (n = 24) and those

in whom both autoantibodies were

below mean levels (n = 8) (64 6
18% versus 696 12%, respectively).

(D) Transplant–free survival was

also much worse in this IPF sub-

population who had increased levels

of both autoantibodies compared

with the other subjects. *p = 0.017.
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are present in patients with systemic lupus erythematosus and
scleroderma, as well as organ-specific autoimmune disorders of
skin, gastrointestinal tract, endocrine glands, and so forth, and
many of these particular Igs are linked to distinct disease phe-
notypes (28, 43–48).
The data presented in this article, in addition to other findings (2–

10, 13–16), may be an impetus for subsequent studies to further
define the etiology and potential pathological consequences of
anti-vimentin autoimmunity in IPF patients. Obvious questions to
explore include defining the possible role that covalent alterations
of vimentin (e.g., posttranslational modifications) may play in the
development of these autoimmune responses (i.e., neoantigens).
The potential links among TGF-b, vimentin expression, and anti-
vimentin immunity could be further substantiated by investiga-
tions of other analogous disorders, such as scleroderma-associated
interstitial lung disease. Diachronic studies using serial specimens
obtained in longitudinal observations of IPF cohorts will shed
additional insights into correlations between the extent of anti-
vimentin autoimmunity and disease progression. Unfortunately,
we did not have access to adequate numbers of scleroderma pa-
tients at the time of these assays for meaningful study, and serial
plasma specimens were only available for four of our IPF patients
studied.
The disease course of IPF is highly variable among individuals,

and these data imply that assays of particular IPF autoantibodies
might be useful for prognostications or disease phenotyping
(Fig. 6A, 6B) (2–7), as is the case in some other autoimmune
syndromes (43–46). Other findings presented in this study also in-
dicate that panels of multiple autoantibody assays may have singu-
lar practical prognostic value (Fig. 6C, 6D). However, the develop-
ment and implementation of autoantibody tests separately, or in
panels, for predictive or phenotyping determinations in actual clin-
ical practice will require systematic, concurrent, and independent
confirmation of these assays in much larger numbers of patients.
Moreover, because of the uncertainties regarding IPF causality,

the rational design of therapies directed at the underlying biological
abnormality(ies) has not been possible, and IPF remains a highly
morbid disorder with a worse prognosis than many cancers (1).
Nonetheless, recognition that autoimmune responses may con-
tribute to IPF progression could also promote the development
of mechanistically based approaches that specifically target these
processes and perhaps have enhanced therapeutic efficacy (8).
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