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Summary

Background. Usual interstitial pneumonia (UIP) is the radiologic and histologic hallmark of
idiopathic pulmonary fibrosis (IPF) and the commonest histologic pattern of other progres-
sive fibrosing interstitial lung diseases (e.g., fibrotic hypersensitivity pneumonia). Analo-
gous to lung cancer, activation of epithelial-to-mesenchymal transition (EMT) is one of the
main molecular pathways recently identified by transcriptomic studies in IPF. Fibroblastic
foci (FF) are considered the active/trigger component of UIP pattern. The proto-oncogene
C-MET is a key gene among molecules promoting EMT against which several inhibitors
are currently available or promising in ongoing studies on lung cancer.

Methods. Twenty surgical cases of diffuse fibrosing interstitial lung diseases (fILD) with
UIP pattern and FF-rich (17 IPF and 3 patients with fibrotic hypersensitivity pneumonia,
fHP) were retrospectively selected. FF were manually microdissected and analysed for
¢c-MET gene alterations (FISH amplification and gene hot-spot mutations Sanger sequenc-
ing) and tested with a c-MET companion diagnostic antibody (clone SP44 metmab) by
immunohistochemistry.

Results. FF are characterized by upregulation of c-MET as shown by overexpression
of the protein in 80% of cases, while no gene amplification by FISH or mutations were
detected. C-MET upregulation of FF was observed either in IPF and fHP, with a tropism for
the epithelial cell component only.

Conclusion. Upregulation of c-MET in FF of ILD with UIP pattern further confirms the key
role of the proto-oncogene c-MET in its pathogenesis, possibly representing an interest-
ing and easily-detectable molecular target for selective therapy using specific inhibitors
in future clinical trials, similar to lung cancer. It is reasonable to speculate that molecular
alterations in FF can also be detected in FF by transbronchial cryobiopsy.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, irreversible and progres-
sive, diffuse fibrosing lung disease defined by the radiologic and histo-
logic pattern of usual interstitial pneumonia (UIP), the most common
pattern among idiopathic interstitial lung diseases 2.

IPF has a lethal outcome with more than 50% of patients dying with-
in 3 years from diagnosis 2*. The disease ultimately leads to extensive
scarring changes of the pulmonary parenchyma through activation of
a complex crossing of several pathways, including extracellular ma-
trix degradation, angiogenesis, lung senescence and Wnt signaling,
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non-coding RNA (miRNAs), inflammation and apopto-
sis among others 4. The dramatic fibrogenic process
substituting the alveolar ventilated lung parenchyma
is thought to be triggered by chronic alveolar epithe-
lial injuries 27, such as smoke, exposure to organic
and inorganic toxic agents interplaying in a genetic
background increasing the risk of disease, although
the cause of IPF remains elusive and its pathogenesis
incompletely understood.

Histologically, UIP pattern of fibrosis is defined by a
patchwork appearance resulting from abrupt alter-
nating areas of scarred and normal lung, architectur-
al distortion with/without honeycombing change and
fibroblastic foci 28.

This complex network of mechanisms is variably in-
volved in the pathogenesis of IPF, but also in other
diffuse fibrosing lung diseases leading to UIP pattern,
mainly fibrotic hypersensitivity pneumonia (fHP) and
collagen vascular diseases 2°. The impact of molecular
studies in the last years is limited by the investigation
of bulk tissue comprising various lung compartments
and cell types, while novel molecular applications
aimed at analyzing single targets and microenviron-
mental components on human tissue appear to unveil
new promising molecular data that could lead to better
comprehension of the pathogenetic mechanisms in-
volved in IPF as well as alternative and more effective
treatments guided by a targeted approach *'4.

In this setting, FF are usually seen at the interface be-
tween densely fibrotic and relatively normal-appearing
lung parenchyma ', FF are considered the active
component and progressing front of UIP pattern finally
leading to “end-stage” fibrotic destruction of the lung
parenchyma architecture and are thought to be more
likely derived from the transformation of alveolar epi-
thelial cells covering the FF through epithelial-to-mes-
enchymal transition (EMT) phenomenon. EMT is due
to the loss of epithelial cell-cell adhesion molecules
(e.g., E-cadherin) and concomitant gain of mesenchy-
mal markers (e.g., N-cadherin, alpha-smooth muscle
aCtin) 7,10,11-14.

The well-established role of EMT in the pathogenesis
of IPF is supported by the expression of driving tran-
scription factors, such as SNAIL1, SNAIL2 (SLUG),
TWIST1, ZEB1, ZEB2 (SIP1), PRRX1 and Goose-
coid repressing the molecules of cell-cell adhesion
through the activation of signaling pathways that can
induce EMT, such as transforming growth factor-beta
(TGF-[’)) 1214

The up-regulation of epithelial-mesenchymal transi-
tion (EMT) in IPF is further supported by Chilosi et
al. ® who studied the immunohistochemical and immu-

nofluorescent expression of ZEB1, TubB3, and p-cat-
enin in all tissue samples from 34 idiopathic pulmo-
nary fibrosis cases that were concurrently expressed
in fibroblastic foci, damaged epithelial cells overlying
active fibrosis and in pericytes within neo-angiogen-
esis areas. These results were also confirmed by im-
munofluorescence assay, indirectly supporting miR-
200 deregulation and EMT activation in IPF. The ab-
normal expression and localization of these proteins
in bronchiolar fibro-proliferative lesions is unique for
idiopathic pulmonary fibrosis, and might represent a
disease-specific marker in challenging lung biopsies.
Again, according to Yamaguchi et al. ™, FF are more
likely derived from the epithelial-to-mesenchymal
transitioned alveolar epithelia located over them. On
the basis of these findings, inhibition of transforming
growth factor-f signaling, which can suppress EMT of
the alveolar epithelial cells in vitro, is a potential strat-
egy for treating IPF.

Among molecules involved in EMT, deeply investigat-
ed in various neoplasms, MET acts as a receptor ty-
rosine kinase (RTK) and is part of a larger family of
growth factor receptors 15,

Hepatocyte growth factor (HGF), the ligand of MET,
is a member of the plasminogen-related growth factor
family that promotes apoptosis of myofibroblast and
inhibition of epithelial-to-mesenchymal cell transition
(EMT). HGF binding to MET results in receptor homod-
imerization and phosphorylation of tyrosine residues
located in the kinase domain. This causes activation
of the mitogen-activated protein kinase (MAPK) cas-
cades, leading MAPK translocation to the nucleus thus
activating transcription factors responsible for regulat-
ing a large number of genes resulting in cell prolifera-
tion, cell motility, cell cycle progression, invasion and
transformation '*'°. Thus, HGF acts as an anti-fibro-
genic molecule, but its receptor MET is considered to
have a key role in promoting EMT transition both in
pulmonary fibrosis and lung cancerogenesis 168,
Vukmirovic et al. ' recently demonstrated a significant
increase of c-MET mRNA in a study of large scale
genome transcript profiling using RNA sequencing
(RNA-Seq) applied to archived formalin-fixed par-
affin-embedded (FFPE) IPF tissues. The authors
compared 7 cases of IPF with 5 control lung tissue,
performing a 50-base paired-end sequencing on II-
lumina 2000 Hiseq. In the study, 4,131 genes were
differentially expressed between IPF and controls
(1,920 increased and 2,211 decreased). Pathway
enrichment analysis performed using MetaCore con-
firmed numerous IPF relevant genes including TGF-B
WNT, and those involved in extracellular remodelling



310

L. Melocchi et al.

and regulation of EMT transition. The study notably
demonstrates that sequencing of RNA obtained from
archived FFPE lung tissues is feasible, since results
obtained from FFPE tissue were highly comparable to
fresh frozen tissues.

The ability to perform RNA-Seq on archived FFPE IPF
tissues greatly enhances the availability of tissue bi-
opsies for molecular investigations in IPF.

Since FF indicate the site of starting of the disease
and represents the pathognomonic histologic modifi-
cation in the pathogenesis of the pulmonary fibrotic
disease with UIP pattern “'®" some researchers have
designed studies to specifically microdissect FF and
then analyze tissue by gene expression profiling.

In particular, Guillotin et al. 7 first performed a tran-
scriptomic analysis in FF isolated from lung tissue of
IPF by laser capture microdissection with identification
of clusters of genes associated with cell cycle, inflam-
mation/differentiation, translation and cytoskeleton/
cell adhesion. The authors showed that transforming
growth factor p1 (TGF-B1), RhoA kinase and the TSC2/
RHEB axis formed major signalling targetable clusters
associated with collagen gene expression in lung fibro-
sis and other fibrotic conditions including cancer-as-
sociated fibroblasts. While microdissected FF in the
study by Guillotin and colleagues included only the
mesenchymal myofibroblastic proliferation without the
epithelial component, in a subsequent study Kamp et
al. ' microdissected and analyzed the entire sandwich
(mesenchymal and epithelial components) of FF in
IPF (6 cases) and chronic fibrotic sarcoidosis (6 cases)
by gene expression signature evidencing upregulation
of several genes, including c-MET.

Similarly, Calabrese et al. " used the same approach
in a study on microdissected FF (entire sandwich)
from 12 IPF (10 lung transplantations and 2 diagnos-
tic VATS). The authors found 23 up-regulated genes
compared with normal lung from spontaneous pneu-
mothorax, mainly related to epithelial cell adhesion
(high molecular weight cytokeratins, desmocollin-3,
CEACAM 5-7), cell migration/EMT (MET), senes-
cence, programmed cell death (Serpine1) and secre-
tory mucin proteins (MUC5AC, MUC5B).

Since FF share several pathogenetic mechanisms
with lung cancer, including EMT upregulation, and the
proto-oncogene c-MET is a druggable receptor tyros-
ine kinase against which promising inhibitors are still
available and ongoing, the aims of this study were the
following: i) to demonstrate the feasibility of microdis-
section of FF using a manual, light microscope-guid-
ed approach, enabling; ii) extractive molecular analy-
sis of DNA alterations focused on investigation of one

of the main genes involved in EMT pathway, namely
the proto-oncogene c-MET (FISH amplification and
gene mutations in the most important hot spots) in FF;
iii) the product of c-MET gene was analyzed in FF by
immunohistochemical expression using a companion
diagnostics test (CDx anti-total met clone SP44 met-
mab, Ventana/Roche) performed for lung cancer %,

Materials and methods

Twenty cases of diffuse fibrosing interstitial lung dis-
ease with UIP pattern (17 IPF, 3 fibrotic HP) were
selected for the study. The cases were from routine
practice and consultation archive of one of the authors
(GR) diagnosed between January 2013 and October
2017. All patients had a definitive diagnosis estab-
lished through multidisciplinary review of clinical, ra-
diological, and pathological data, according to the last
criteria of international Guidelines 2.

The study was approved by local Ethical Committee
(code RE14790). All patients ultimately died and the
patient's consensus was obtained from the Privacy
Authority. All information regarding human material
was anonymously managed through numerical code
identification. All samples were handled in compliance
with the Helsinki Declaration (http://www.wma.net/en/
30publications/10policies/b3/).

The UIP pattern was histologically confirmed on lung
tissue obtained from surgical biopsy using a video-as-
sisted thoracoscopic approach. All lung specimens
were formalin-fixed for at least 14 and no more than
24 hours, then entirely sampled after removal of the
metallic staples at the resection margins, and slices
obtained with perpendicular sections on the long axis
of the specimen were then paraffin-embedded. From
each paraffin block, 4-um thick sections were obtained
and routinely stained with hematoxylin-eosin for ex-
amination at light microscopy. For in situ (immunohis-
tochemistry, FISH) and extractive molecular analysis,
only paraffin-embedded blocks containing at least 10
FF x slide were selected.

With FF we considered the scattered, tiny structures
composed of a micronodular aggregate of fibroblasts/
myofibroblasts lined by metaplastic epithelial cells
(Fig. 1) (so-called epithelial/myofibroblastic sandwiches).
The availability of a sufficient number of fibroblastic foci
was then a prerequisite to enter in the study, since this
specific finding was the target of molecular studies.

ImmunoHIsTOCHEMISTRY (IHC)
The IHC evaluations were performed using the rabbit
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Figure 1. A case of IPF with several fibroblastic foci (blue circles) characterized by a superficial layer of epithelial cells (blue
arrows) covering the proliferation of fibro/myofibroblastic mesenchymal component (hematoxylin-eosin, magnification x
100).

monoclonal primary antibody anti-total c-MET (clone
SP44, Ventana Medical Systems, Roche, prediluted)
revealed using an UltraView Universal DAB Detec-
tion Kit (Ventana Medical Systems, Tucson, AZ). The
IHC staining procedure was carried out according to
the manufacturer’s instructions using the ULTRA au-
tomated immunostainer (Ventana BenchMark Ultra).
The IHC staining was evaluated by 2 pathologists
according to modified MetMab criteria %2°.According-
ly, FF were considered as MET positive when strong
MET membranous and/or cytoplasmic staining (2 +or
3+) was noted in more than 50% of epithelial and\or
mesenchymal cells. Finally, a case was rated as pos-
itive or MET overexpressed when at at least 50% of
examined FF in immunotested slides were positive.

FISH analysis

FISH evaluation of MET was performed using un-
stined FFPE tumor tissue sections, as elsewhere
described ?'. FISH analysis was performed using the
ZytoLight SPEC MET/CEN 7 Dual Color Probe (PL46)
(Bio-Optica, Milan, Italy), according to the manufactur-
er’s instructions. It should be noted that a minimum of
50 non-overlapping epithelial and/or myofibroblastic
cells comprised in the FF with hybridization signals
were analyzed in each sample under a fluorescence
microscope (BX51, Olympus, Tokyo, Japan).

MET amplification was recorded by estimating the ra-
tio between the number of MET copies and the copies
of the chromosome 7 centromere (CEP7) according
to Ding et al. 2'. Mean cMET/CEP7 ratio was calcu-
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lated for each probe by scoring the number of c-MET
and CEP7 each nucleus independently. MET copy
number = 5 and/or MET:CEP7 signal ratio = 2 were
considered as amplification. In contrast, MET:CEP7
ratio of < 2 was classified as non-amplified MET. While
patients with MET copy numbers of = 5 but a ratio of
< 2 were classified as MET gain, both MET and CEP7
copy numbers of > 3 but < 5 were classified as MET
polysomy 2'.

MOLECULAR ANALYSIS

Five-um thick sections obtained from a represent-
ative paraffin-embedded block were deparaffinized
using xylene, and tumor DNA was extracted man-
ual microdissection method under the guide of a
light-microscope (Leica DM750 with incorporated I1C-

C50W camera, Buccinasco/Milan, Italy). Manual mi-
crodissection of fibroblast foci with overlying alveolar
pneumocytes was at 100X magnification (objective
X10) on hematoxylin-eosin-stained slides without
coverslip using a sterile needle (27 G, Agani Needle,
Terumo Europe, Hamburg, Germany). At least 50 fi-
broblast foci per case were dissected and placed into
a sterile Eppendorf tube (Fig. 2). Microdissected cells
were then processed as previously described 22. The
forward and reverse oligonucleotide primers used to
amplify c-MET exons are listed in Table I.

STATISTICAL ANALYSIS

Statistical calculations with comparison of categorical
variables were performed using the chi-square statis-
tic with the Fisher exact test P values.

Figure 2. A case of IPF with several fibroblastic foci before (orange circles) and after (blue circles) microdissection using
an hematoxylin-eosin-stained slide without coverslide (hematoxylin-eosin, magnification x 100). Microdissection included all
epithelial and mesenchymal components (sandwich) of fibroblastic foci.
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Table I. Oligonucleotide primers used in the study.
Primer name Primer sequence A.T. Product size (bp)
Exon 14 c-MET Forward 5-TTC TGG GCA CGT GGT CAA AGT-3 58°C 282 bp
Reverse 5'-AAT GTC ACA ACC CAC TGA GGT-3'
Exon 17 ¢c-MET Forward 5-GTA TTC ACT GTT CCA TAATGA AGT-3 55°C 287 bp
Reverse 5-GAT GGC TGG CTT ACA GCT AGT-3’
Exon 18 c-MET Forward 5’-AAC AGT AGATGC TTA GTT TAT GCT-3 55°C 215 bp
Reverse 5-AAC AGA TTC CTC CTT GTC ACT T-3’
Exon 19 c-MET Forward 5'-TTC TAT TTC AGC CAC GGG TAAT-3’ 55°C 253 bp
Reverse 5-ATG AAA GTA AAA GAG GAG AAA CTC-3

A.T., annealing temperature.

Results

The case series consisted of 20 patients with diffuse
fibrosing interstitial lung disease with UIP pattern at
histology, classified as IPF (n = 17) and fibrotic hyper-
sensitivity pneumonia (fHP, n = 3) after multidiscipli-
nary discussion, in agreement with the most recent
international guidelines '2.

There were 15 males (75%) and the median age was
66 years (range, 54-80 years).

At the time of diagnosis, 45% of patients were stable,
while 11 were in progression.

The main clinicopathologic data of the series is sum-
marized in Table II.

No significant differences were observed when the var-
iables were matched by statistical analysis.

IMMUNO-MOLECULAR DETERMINATIONS

Direct Sanger sequencing of microdissected FF did
not show mutations in the c-MET exons investigated
(Fig. 3).

FISH analysis performed for c-MET gene amplification
did not reveal increased copies of the gene (Fig. 4).
Immunohistochemical expression of MET protein us-
ing the total MET monoclonal cDx SP44 (metmab) ev-
idenced overexpression in 80% of the cases, 82.3%
(14 of 17) in IPF and 66.6% (2 of 3) in fHP.

Of note, MET overexpression is noted in the epithelial
cells of FF, but not in the mesenchymal component
(Fig. 5).

No significant expression was identified in any other
tissue compartment of the lung.

No significant differences were observed when the
variables were matched by statistical analysis.

Discussion

Fibroblastic foci (FF) are one of the main histologic
hallmarks of ILD with UIP pattern, either in IPF and

Table Il. Summary of the main clinicopathologic character-
istics of patients included in the study.
Cases (n = 20)

o IPF fHP
Characteristics ‘l; (n=17) (n=3)
]

Age Median, 66

years (range: 71 65

54-80 years)
Gender
* Male 15 75 13 1
* Female 5 25 2 2
Smoking habit
* Current/former 16 69 15 1
* Never 4 31 2 2
Disease
e |IPF 17 85
¢ Fibrotic HP 3 15
HRCT
* Probable 12 60 1 1
* Possible 6 30 5 1
* Indeterminate 2 10 1 1
BAL
* Neutrophilic alveolitis 1 55 11 -
* Lymphocytic alveolitis 2 10 - 2
* Not performed 7 35 6 1
Clinical status at diagnosis
e Stable 9 45 4 5
* Progression 1 55 10 1
FVC
¢ FVC > 80% 13 65 1 2
* FVC <80% 7 35 6 1
DLCO
e DLCO > 50% 12 60 1 1
¢ DLCO < 50% 6 30 4 2
¢ No DLCO 2 10 2
Therapy
¢ Steroid 9 53.8 6 3
* Steroid/NAC/ 8 38.5 8

immunosoppressore 3 77 3 -

¢ Nintedanib
c-MET molecular analysis
* Wid-type setup. 13 100 - -
* Mutated 0 0
FISH
¢ Amplification 0 0
¢ Normal setup 20 100
c-MET overexpression
* Negative 4 20 3 1
* Positive 16 80 14 2
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Figure 4. FISH analysis using a MET/CEN7 dual color  Figure 5. A case of IPF with fibroblastic foci (A, hematox-
probe in epithelial and mesenchymal cells of fibroblastic foci  ylin-eosin staining, magnification x 200) showing overex-
showed a regular < 2 MET/CEN?Y ratio. pression of c-MET (clone SP44) in the epithelial component

(indicated by blue hashtags) but not in mesenchymal part
(red crosstrees) of fibroblastic foci (immunohistochemistry,
magnification x 200) or other lung structures.
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secondary UIP, such as fibrotic hypersensitivity pneu-
monia 24814 FF are considered the active/trigger com-
ponent of UIP, possibly resulting from chronic injuries
to the alveolar epithelial cells leading to mesenchymal
activation with localized proliferation of fibroblast/my-
ofibroblasts 2487101114 The numerosity of FF in UIP
is directly correlated to disease progression and poor
outcome 2“. FF interestingly represent a tissutal com-
partment of UIP characterized by the activation of ep-
ithelial-to mesenchymal transition (EMT), as recently
demonstrated in various studies *'%"1314_ Chilosi et
al *®. provided robust evidence that Tubp3, ZEB1 and
B-catenin, target proteins of the miR-200-family, are
abnormally expressed at sites of damage and repair
in IPF, with specific localization in FF and epithelial
cells of honeycombing changes. As already suggest-
ed, ZEB1 is a crucial activator of epithelial to mesen-
chymal transition, and its expression in epithelial cells
is triggered by different signaling pathways and tran-
scription factors, including Wnt-p catenin, TGFp, and
Twist, all molecules upregulated in IPF 3414,

Of note, aberrant up-regulation of the proto-oncogene
c-MET is emerged in several transcriptomic studies
on mRNA in IPF 781011 ¢.MET is considered an im-
portant actionable target in many solid tumors 8.20-23;
therefore, biomarker discovery becomes essential in
order to guide clinical intervention and patient strati-
fication with the aim of moving towards personalized
medicine.

MET, a high affinity tyrosine kinase receptor for hepat-
ocyte growth factor (HGF, also known as scatter fac-
tor) is a disulfide-linked heterodimer made of 45 kDa
a- and 145 kDa f-subunits (1,2). The a-subunit and
the amino-terminal region of the p-subunit form the
extracellular domain. The remainder of the f-chain
spans the plasma membrane and contains a cyto-
plasmic region with tyrosine kinase activity. Interac-
tion of MET with HGF results in autophosphorylation
at multiple tyrosines, which recruits several down-
stream signaling components, including Gab1, c-Cbl,
and PI3 kinase ®'82%, These fundamental events are
important for all of the biological functions involving
MET kinase activity. Phosphorylation at Tyr1234/1235
in the Met kinase domain is critical for kinase activa-
tion '5'8 whereas phosphorylation at Tyr1349 in the
Met cytoplasmic domain provides a direct binding site
for Gab1. Research studies have shown that altered
MET levels and/or tyrosine kinase activities are found
in several types of tumors, including renal, colon, and
breast cancer 823 Thus, investigators concluded
that Met is an attractive potential cancer therapeutic
and diagnostic target 2.

Immunohistochemical evaluation demonstrated that
hyperplastic alveolar type Il epithelial cells, as well
as alveolar macrophages, were strongly stained with
anti-HGF antibody in tissues of patients with IPF. The
concentration of HGF in bronchoalveolar lavage fluid
(BALF) was significantly higher than in normal controls
(0.23 +/- 0.09 pg/microg) in patients with IPF (0.77 +/-
0.88 pg of HGF/microg of albumin, P < 0.001), lung
fibrosis associated with rheumatoid arthritis (0.50
+/- 0.64 pg/microg, P < 0.01), and sarcoidosis (0.41
+/- 0.61 pg/microg, P < 0.05) ">, In situ hybridiza-
tion revealed mRNA for HGF in alveolar macrophages
(especially small monocyte-like macrophages). These
results indicate that the increase in HGF in peripher-
al air spaces is due to augmented HGF production
by alveolar epithelial cells and alveolar macrophages.
HGF, through a paracrine mechanism, may play an
important role in the repair and healing of the inflam-
matory lung damage in pulmonary fibrosis 58,
Therefore, there is a consistent body of evidence to
state that EMT pathway involving HGF/c-MET is dis-
rupted in IPF. Although preliminary, the current data fur-
ther support the role of c-MET as an interesting molec-
ular target in pulmonary fibrosis with UIP pattern.

The original study design here proposed also sug-
gests that clinical trials in IPF may replicate those in
lung cancer evidencing druggable molecular biomark-
ers.

It is of note that promising results have been observed
in phase | and Il studies using telisotuzumab vedo-
tin, an antibody-drug coniugate targeting c-MET, in
monotherapy in advanced non-small cell lung cancer
(NSCLC) characterized by overexpression of c-MET
using the same metmab companion diagnostic immu-
nohistochemistry clone SP44 with the scoring system
adopted for FF here presented 2. Camidge et al. 2.
demonstrated that Teliso Vedotin monotherapy was
well-tolerated and showed antitumor activity in c-MET
positive NSCLC.

Since cryobiopsy is the emerging diagnostic interven-
tional procedure to obtain tissue in IPF, and hence FF
are easily recognizable in these samples, selective
dissection of FF for DNA/RNA extraction seems en-
tirely feasible in lung tissue from cryobiopsy °.
Finally, the current and previous similar molecular
studies obtaining good-quality DNA/RNA from pa-
tients with IPF and other ILD with UIP pattern archived
in Pathology Units, should convince researchers to
implement molecular studies with different methodol-
ogies, also permitting isolation of tissue from specific
lung compartments of UIP 78101119 A summary of the
main findings and study details of all published works
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Table IIl. Summary of the main molecular findings from studies microdissecting fibroblastic foci in interstitial lung disease

with UIP pattern.

Reference Case series  Type of dissection Analyzed material Main results
Guillottin 72021 FFPE lung Laser capture mRNA Prominent clusters of genes associated with cell
tissue with microdissection cycle, inflammation/differentiation, translation and
IPF of myofibroblastic cytoskeleton/cell adhesion
component of FF
Kamp ™ 2021 FFPE tissue Laser capture mRNA Up-regulation of several genes, including c-MET.
from IPF (6 microdissection of Different expression of CAT1 and SMURF1 between
cases) and | entire FF sandwiches IPF and sarcoid
fibrotic sarcoid
(6 cases)
Calabrese " 2022 Laser capture mRNA 23 up-regulated genes when compared with normal
microdissection lung from spontaneous pneumothorax, mainly related
to epithelial cell adhesion (high molecular weight
cytokeratins, desmocollin-3, CEACAM 5-7), cell
migration/EMT (MET), /senescence/ programmed
cell death (Serpine1) and secretory mucin proteins
(MUC5AC, MUC5B)
Current series FFPE lung Manual DNA (amplification | No genetic alterations of the proto-oncogene c-MET
tissue from | microdissection under and hot spots Up-regulation by protein overexpression
IPF (\7 IPF) light microscope of mutations of the
and fHP (3 | entire FF sandwiches | proto-oncogene
cases) c-MET

Abbreviations: FFPE, formalin-fixed paraffin-embedded; IPF, Idiopathic pulmonary fibrosis; fHP, fibrotic hypersensitivity pneumonia; FF, fibroblastic foci;
mRNA, messanger ribonucleic acid; DNA, deoxyribonucleic acid, c-MET, MET protooncogene hepatocyte growth factor receptor.

microdissecting FF in IPF or other ILD with UIP pat-
tern are reported in Table .

Of course, this study has several limitations, as fol-
lows: a. this is a retrospective observational analysis
including selected cases of ILD with UIP pattern com-
prising several FF, then excluding similar cases char-
acterized by a limited quantity of FF; b. manual mi-
crodissection cannot permit an adequate separation
(if of some help) of the epithelial cells from fibroblast/
myofibroblast component of FF; c. molecular analysis
was focused on a limited number of exons of c-MET
gene (although including hotspots); d. all cases were
from surgical specimens, while there is a worldwide
tendency to limit surgical biopsy procedures in favor of
less invasive bronchoscopy approach with transbron-
chial cryobiopsy.

Conclusions

Upregulation of ¢c-MET in FF of ILD with UIP pattern
further confirms the key role of the proto-oncogene
c-MET in its, possibly representing an interesting eas-
ily-detectable molecular target for selective therapy
using specific inhibitors in future clinical trials, simi-
larly to lung cancer. It is reasonable to speculate that
molecular alterations in FF can also be detected in FF
from transbronchial cryobiopsy.
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