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ABSTRACT

Introduction: Double occurrence of TTF1 and ANp63/p40
(henceforth, p40) within the same individual cells is
exceedingly rare in lung cancer. Little is known on their
biological and clinical implications.

Methods: Two index cases immunoreactive for both p40
and TTF1 and nine tumors selected from The Cancer
Genome Atlas (TCGA) according to the mRNA levels of the
two relevant genes entered the study.

Results: The two index cases were peripherally located,
poorly differentiated, and behaviorally unfavorable carci-
nomas, which shared widespread p40 and TTF1 decoration
within the same individual tumor cells. They also retained
SMARCA2 and SMARCA4 expression, while variably stained
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for p53, cytokeratin 5, and programmed death-ligand 1. A
subset of basal cells p40+/TTF1+ could be found in normal
distal airways. Biphenotypic glandular and squamous dif-
ferentiation was unveiled by electron microscopy, along with
EGFR, RAD51B, CCND3, or NF1 mutations and IGFIR, MYC,
CCND1, or CDK2 copy number variations on next-generation
sequencing analysis. The nine tumors from TCGA (0.88% of
1018 tumors) shared the same poor prognosis, clinical pre-
sentation, and challenging histology and had activated
pathways of enhanced angiogenesis and epithelial-
mesenchymal transition. Mutation and copy number varia-
tion profiles did not differ from the other TCGA tumors.

Conclusions: Double p40+/TTF1+ lung carcinomas are
aggressive and likely underrecognized non-small cell car-
cinomas, whose origin could reside in double-positive distal
airway stem-like basal cells through either de novo-basal-
like or differentiating cell mechanisms according to a
model of epithelial renewal.

© 2021 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/

4.0/).

Keywords: ANp63/p40; TTF-1; Lung; Non-small cell carci-
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Introduction

Two master regulators of lung cancer development,
namely ANp63/p40 (henceforth, p40) and TTF1, are
widely used in diagnostic algorithms to distinguish
adenocarcinoma (ADC) and squamous cell carcinoma
(SQC)."* The phenotype p40+/TTF1— corresponds to
SQC, and the reverse to ADC and double negativity (as
found in approximately 20% of instances) supports the
diagnosis of non-small cell carcinoma—not otherwise
specified (NSCC-NOS) and large cell carcinoma (LCC) in
biopsy/cytology and surgical specimens, respectively.'
Coexpression of both biomarkers within the same indi-
vidual tumor cells is an exceedingly rare occurrence
(<1% of NSCC), with only three single cases®” (Table 1)
and sparse anecdotal instances, either blurred in large
tumor series®>® or presented in abstract form only,” be-
ing thus far on record. This bewildering phenotype is
currently classified as ADC or NSCC-NOS/LCC, favoring
ADC, because of the prevalence of TTF1 over any squa-
mous biomarkers.!*? Little is known, however, on the
ultrastructural traits (just one case is available thus far”),
molecular alterations, biological functions, and clinical
outcome of such an uncommon tumor phenotype.

This study was aimed to thoroughly investigate two
additional instances of p40+/TTF1+ NSCC we encoun-
tered in our pathology practice to unravel the clinical,
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immunohistochemistry (IHC), electron microscopy (EM),
and next-generation sequencing characteristics of such
an uncommon phenotype. Furthermore, The Cancer
Genome Atlas (TCGA) was explored to identify similar
tumors, which were selected according to the mRNA
levels of the two relevant genes, for clinical and molec-
ular comparison.

Materials and Methods

Index Cases

Case number 1 referred to a 62-year-old woman,
former smoker (10 pack-years), who had quit 30 years
earlier. A diagnosis of ADC was preoperatively done in
bronchoscopy biopsy, whereas computed tomography
scan revealed multiple nodules in the right lung
(Fig. 14). On resection, an ADC (4.5 cm in diameter)
was confirmed with the same phenotype, which was
staged pT4N2 (IIIB, according to the Union for Inter-
national Cancer Control/American Joint Committee on
Cancer eighth edition) because of intrapulmonary and
mediastinal lymph node metastases (Fig. 1A inset).
Despite the EGFR del19 mutation, the patient under-
went chemotherapy, and gefitinib treatment was added
1 year after because of brain metastases. Progression of
brain metastases and new bone colonization were
managed by osimertinib mesylate, but the patient
condition progressively worsened and she died 48
months after her initial cancer diagnosis.

Case number 2 concerned a 62-year-old man,
former smoker (23 pack-years), who had quit 30 years
earlier. A 4.7-cm-sized SQC was diagnosed on bron-
choscopy (just p40 was originally performed), whereas
computed tomography scan revealed a tumor mass on
the left lower lobe (Fig. 1B). After neoadjuvant
chemotherapy, a LCC positive for p40 and TTF1 was
identified and staged ypT2bN2 (yIIIA) because of hilar
and mediastinal lymph node involvement (Fig. 1B).
Early thoracic and liver relapse were subsequently
treated with chemotherapy plus pembrolizumab, but
the patient experienced progressive disease and he
died 3 months after his initial diagnosis.

Compliance With Ethical Standards
Both patients had provided informed consent to the
personal data processing at hospital admission.

Immunohistochemistry

Antibodies for p40 (clone BC28), TTF1 (clone
8G7G3/1), p53 (clone DO7), cytokeratin 5 (clone SP27),
SMARCA2 (clone BRM/D9E8B), SMARCA4 (clone EPN-
CIR111A), programmed death-ligand-1 (PD-L1) (clone
SP263), synaptophysin (clone SP11), and chromogranin
A (clone LK2H10) made up the diluted reagents from
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Figure 1. (A-F) Histologic pictures of the two index cases (on the left, case #1 A, C, E, G; on the right, case #2 B, D, F, H). CT
scan (A) and gross pathology (A, inset) of case #1, which featured poorly differentiated carcinoma with comedo-type necrosis
and peripheral palisading (C). There was concurrent TTF1 (E and E inset) and p40 (G and G inset) immunoreactivity within
most of the same individual tumor cells. Similarly, case #2 presented with a large tumor on CT scan (B), which featured some
resemblance to squamous differentiation despite the lack of horn pearls and intercellular bridges (D). Even this tumor case
exhibited widespread and consistent positivity for TTF1 (F and F inset) and p40 (H and H inset) in most tumor cells. Histologic
picture magnification was x200 for C to H panels and x40 for E-H insets. #, number; CT, computed tomography.

corresponding TTF1 threshold classified 452 of 517 identified as those fulfilling both positivity criteria and
(87.4%) ADCs and 458 of 501 (91.4%) SQCs displaying similar absolute values of expression (<10%
(accuracy = 89.4%). Double-positive tumors were thus difference between the two). Differential expression
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analysis of mRNAs was performed on gene expression
data from FireBrowse by means of DESeq2 software.
(https://bioconductor.org/packages/release/bioc/
html/DESeq2.html). Functional enrichment analysis was
carried out on the resulting output by means of Gene Set
Enrichment Analysis software (https://www.gsea-
msigdb.org/gsea/indexjsp).  Clinicopathologic  data,
including overall survival, were available for 1003 pa-
tients (508 ADCs, 495 SQCs) on cBioPortal for cancer
genomics (https://www.cbioportal.org/): two patients
with two tumor samples each were excluded from the
survival analysis. CNV and somatic mutation data were
retrieved from the University of California—Santa Cruz—
XenaBrowser (https://xenabrowser.net/) for 1010 (512
ADCs, 498 SQCs) and 986 (509 ADCs, 477 SQCs) tumors,
respectively.

Statistical Analysis

Kaplan-Meier and log-rank methods were used for
the survival analysis.

Mutation and CNV enrichments were evaluated by
means of two-tailed Fisher exact test. p values were
corrected according to Bonferroni (mutations and CNV)
or Benjamini-Hochberg (differential expression and Gene
Set Enrichment Analysis) correction. A p value less than
0.05 was set as significance level.

Results

Index Cases

The tumors featured LCC with comedo-type necrosis
and peripheral palisading (Fig. 1C) or vaguely resembled
squamous differentiation but with no evidence of horn
pearls or intercellular bridges (Fig. 1D). Plentiful mitoses
were recognizable (Fig. 1C and D, white circles). There
was no increase of tumor-infiltrating lymphocytes. IHC
study revealed diffuse decoration for both TTF1 (Fig. 1E
and F) and p40 (Fig. 1G and H) within most of the same
individual tumor cells. Additional IHC revealed diffuse
reactivity for p53 and erratic cytokeratin 5 decoration in
case number 1, whereas the reverse phenotype occurred
in case number 2. SMARCA2 and SMARCA4 were both
retained (Supplementary Fig. 1 A-F). Tumor proportion
score for PD-L1 was negative in case number 1 or
revealed a 2% value in case number 2 (pictures not
provided). No tumor cells were reactive for neuroendo-
crine differentiation markers. In normal peripheral air-
ways of the two index cases, there was a subset of
basally located bronchiolar cells revealing double p40+/
TTF1+4 phenotype (Supplementary Fig. 2A-C). Preoper-
ative biopsy results revealed shared TTF1 and p40
decoration within most of the same tumor -cells
(Supplementary Fig. 34A-D).

Coexpression of ANp63/p40 & TTF1 5

Biphenotypic properties with concomitant evidence
of glandular and squamous differentiation in the same
tumor cells emerged from the EM study in either case
(Fig. 24 and B). Glandular differentiation was heralded
by intercellular (case number 1; Fig. 2A) and intracel-
lular (case number 2; Fig. 2B) lumina along with cyto-
plasmic granules similar to those of club cells. Squamous
features were in turn embodied by intracytoplasmic
dense fascicles of keratin fibers, close to cell membranes,
to realize desmosomes (Fig. 24 and B). Focal Alcian blue-
positive mucin stain was also found in case number 2
(Fig. 2B, inset).

Molecular testing results revealed EGFR, TP53,
RAD51B, and CCND3 mutations along with CNVs for
IGF1R, MYC, CCND1, and CDK2 in case number 1 and
standalone NF1 mutation in case number 2. Fusion genes
were not assessed in case number 1 for poor quality of
mRNA, whereas they were absent in case number 2. CNV
analysis was not informative in case number 2 for
technical reasons. Summarized molecular results along
with clinicopathologic characteristics of the two index
cases are found in Table 2.

TCGA Analysis

The nine tumors recruited from TCGA accounted for
0.88% of 1018 TCGA carcinomas, with original di-
agnoses of ADC in two cases and SQC in seven cases
(Supplementary Table 1). An accurate morphologic
reevaluation of all images available on TCGA for these
nine tumors excluded the possibility of facing with
adenosquamous carcinomas (ADSQCs). Survival curves
revealed only a trend for unfavorable clinical outcome
(p = 0.18), likely owing to the small sample size
(Fig. 3). There were 53 deregulated genes in this tumor
subset (Supplementary Table 2), whereas gene set
enrichment yielded 147 up-regulated and 124 down-
regulated pathways (Supplementary Table 34 and B).
These identified functional signatures are consistent
with biological aggressiveness, such as enhanced
angiogenesis and epithelial-mesenchymal transition.
Enrichment analyses for somatic mutations and CNVs
did not identify statistically significant differences in
these nine tumors as compared with the remaining
TCGA series.

Discussion

Coexpression of p40 and TTF1 within most of the
same individual tumor cells is exceedingly rare in lung
cancer (Table 1).°7 This is likely because the differen-
tiation programs leading to the development of SQC
(under p63 gene) or ADC (under TTF1 gene) are mutu-
ally exclusive, when one gene transcriptionally prevails
over the other."® Even ADSQC in geographically separate
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Figure 2. (A, B) The ultrastructural study revealed in case #1 (A), intercellular lumina bordered by microvilli (black stars) and
fascicles of keratin fibers (black arrowheads, also in the inset). Higher magnification (inset) of the same case revealed club
cell granule (white asterisk) and desmosomes (black arrows) (electron microscopy magnification: x3500 and %8900,
respectively). In case #2 (B), there were intracytoplasmic lumina (black asterisks), club cell-like granules (black arrowhead,
also in the upper inset), and fascicles of keratin fibers (upper inset, black arrow), which condensed themselves into des-
mosomes (upper inset, black stars). Intracellular lumina were also observed at light microscopy (B;, middle inset, black
asterisk), which were filled by Alcian blue-reactive mucin droplets (B,, lower inset, black asterisk). Electron microscopy
maghnification: x3500 and x28,000, respectively; hematoxylin and eosin: x630; Alcian blue stain: x630. #, number.

tumor regions, few ADC or LCC in less than 10% tumor
cells,>™* SQC foci in ALK-translocated ADC,'® or SQC
displaying ALK'” or ROS1 translocation'® or EGFR'%*°
mutation may be concurrently positive for p40 and
TTF1, but again in a mutually exclusive manner. In this
regard, the diffuse positivity for both biomarkers within
most of the same individual tumor cells ruled out the
occurrence of ADSQC. The extreme rarity of the double
phenotype of p40+4/TTF14 we herein document after
reporting the first case in literature® is likely owing to
the challenging position of these tumors on the inflection
point of two mutually exclusive differentiation programs,

thereby realizing biphenotypic tumors that feature
simultaneous glandular and keratinizing codiffer-
entiation (Fig. 24 and B). This p40/TTF1 coexpression
resulted in clinically unfavorable tumors (Fig. 3 and
Table 1), likely owing to unsuccessful therapy and
aggressiveness in molecular pathway activation, such as
enhanced angiogenesis and epithelial-mesenchymal
transition (Supplementary Table 2 and Supplementary
Table 34 and B). It is tempting to speculate that the
nine tumors selected from TCGA on the basis of mRNA
levels of the relevant genes well reflected the two index
cases, inasmuch as shared similar traits such as



November 2021

=
o
s}
©
=
©
>
i
—
(V]
o
=
o)
(%]
(]
(%2}
[}
O
x
(]
©
1=
2
(=
(]
=
=)
Y—
o
(%]
=
F)
N
=
[J]
-
(O]
©
e
[0}
A=
()
=
on
g
o
<
=)
©
Q.
[=]
42
=
O
©
=
©
(%]
=
)
4
o
on
=
(%)
=
(7]
]
o
(7]
w
=
o
i}
©
—
(V]
=
(]
S
—
x
(5}
=z
~N
g
S
i

Gene (Level of

Gene Mutations (% of Copy Number

Medical Therapy Allelic Frequency)

Clinical

Outcome
(mo)

Metastasis

Tumor
Stage

Type of

Tumor

Pleura

Size

Sex/Age Smoker/

Tumor
case

Fusion Genes

Variation)

Over Time

Material

Effusion Metastasis

(cm)

Site

Pack-Year

v)

Not assessable

IGF1R: 56.05 MYC: 28

DOD 48 mo CT Osimertinib EGFR,

Biopsy sample and IlIB Brain

Intralung

No

Former/10 Upper right 4.5

W/62

#-1

for poor

CCND1: 10.93

p.Glu746_ALA750del,
€.2235_2249del

resection
specimen

Mediastinal

LN

lobe

quality of
mRNAs

CDK2: 5.95

(61%); TP53

p.Glu224Asp,

€.672G>T (53%); VUS:
RAD51B, p.Pro365Arg,

€1094C>G (41%) and

CCND3, p.Ser259Ala,
c775T>G (47%)
NF1, pArg1769Ter,

None

Not assessable for

CT Pembrolizumab

DOD 3 mo

Biopsy sample and  YIIIA Thorax Liver

Hilar &

No

Former/23 Left lower

M/62

#2

technical reasons

€.5305C>T (54%)

resection
specimen

mediastinal

LN

lobe

#, number; CT, chemotherapy; DOD, died of disease; LN, lymph nodes; M, male; VUS, variant of uncertain significance; W, woman.

Coexpression of ANp63/p40 & TTF1 7

challenging morphology, clinical presentation, and ulti-
mate poor outcome (Supplementary Table 1 and Fig. 3).
An accurate morphologic reevaluation of all images
available on TCGA for these nine tumors excluded
the possibility of facing with ADSQCs, potentially
responsible for double increment of p40 and TTF1
mRNAs.

The double expression of p40/TTF1 at the level of the
same individual tumor cells had a normal counterpart in
bronchiolar basal cells (Supplementary Fig. 24 and B) of
the same index cases, which could be consistent with an
origin from a subset of distal airway stem-like basal cells.
These cells sharing p40 and TTF1 expression have been
reported to produce bronchiole-like and alveolus-like
organoids in experimental murine models.”’ The pe-
ripheral location of our cases (Fig. 14 and B), their poor
differentiation mimicking either basaloid squamous or
uncommitted surface bronchial cells (Fig. 1€ and D), and
the occurrence of gene alterations and CNVs common to
either ADC (e.g., EGFR, NF1, TP53, IGFIR) or SQC (e.g,
NF1, TP53, CCND1, IGF1R, CCND3)***® (Table 2) are
likely to suggest an origin from a subset of p40+/TTF1+
stem-like basal cells normally existing in distal airways
(Supplementary Fig. 24 and C). Decoration for cytoker-
atin 5 (a basal cell biomarker induced in the lung by p63
gene”®) was obvious in case number 2 more hinting at
basaloid keratinizing cells, whereas it was negligible in
the gland-looking case number 1. Conversely, TP53
mutation and protein overexpression were private to
case number 1 (more resembling uncommitted bronchial
surface gland-like cells), as this gene alteration prevails
in  bronchial epithelium branch-derived ADC?*’
(Supplementary Fig. 1A-F). These findings were consis-
tent with a model of de novo-basal-like carcinomas with
unbalanced glandular and squamous codifferentiation,
respectively, on functional recruitment of p63 and TTFI
master genes in double-positive progenitor cells (Fig. 4).
This model was assonant with epithelial renewal mech-
anisms normally acting in the lung and somewhat real-
ized some similarity to the development of triple-
negative breast carcinomas, wherein there are consis-
tent features of luminal-like and basal-like codiffer-
entiation.”®”° Although we cannot completely exclude
that dedifferentiation or reprogramming could be
responsible for these uncommon NSCLCs to share
TTF1 and p40 expression, codifferentiation on rare
double-positive basal stem cells should better
account for the extreme rarity of this phenotype, in our
opinion.

SMARCA2 and SMARCA4 gene products were both
retained, and this phenotype could have contributed to
chemotherapy failure and immune system anergy,’” also
exemplified by scantness of tumor-infiltrating lympho-
cytes, PD-L1 negativity, ineffectiveness of pembrolizumab
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1.0

—— others
—— (p40+,TTF1+) and 0.9 <= TTF1/p40 <= 1.1

Overall Survival

0.0 p =1.8158e-01

0 50 100 150 200 250
Months

Figure 3. Survival curve of the nine carcinomas with double p40+/TTF1+ phenotype revealed a trend for poor clinical
outcome as compared with the remaining TCGA tumor series, which are labeled as “others” in the upper legend. TCGA, The

Cancer Genome Atlas.
] p40- p40+
E TTF1+ or- TTF1-
E QC

SQc_
ADC-Pr

-_—
p40—/TTF+ or—

BPPg

PAO+/TTF+

Figure 4. Interpretation model on the development of double p40+/TTF1+ tumors from a subset of bronchiolar basal cells
present in normal distal airways, which share reactivity for both TTF1 and p40. This model is based on the turnover of the
normal epithelium, where uPSC, putatively aligned along the basal layer, is likely to give rise to BPPg positive for both p40
and TTF1 (horizontal or de novo-basal-like propagation) thanks to their asymmetrical self-renewal properties and differ-
entiating precursors already committed to specific cell lineages (vertical or differentiating cell evolution), including ADC-Pr
with phenotype p40 and TTF1 either positive or negative and SQC-Pr with phenotype p40+/TTF1—. Note that there is an
inverse relationship between basal-like differentiation imprinted by stem/precursor cells and differentiating cells paralleling

lineage-specific precursors. #, number; ADC, adenocarcinoma; ADC-Pr, adenocarcinoma precursor; BPPg, bipotential pro-

genitor; SQC, squamous cell carcinoma; SQC-Pr, squamous cell carcinoma precursor; uPSC, uncommitted pulmonary stem
cell.
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(case number 2), or mutanome-derived low neoantigens
of the EGFR-altered case number 1.2*? Furthermore,
resistance to EGFR tyrosine kinase inhibitor could have
derived from alternative signaling coactivation through
IGFR1,*®> MYC,** CCND1,%° or CDK2 CNVs, also conferring
worse prognosis through TP53 inactivation.***°

Double p40+/TTF1+ tumors in the lung have been
purportedly classified, in the past, as ADC, NSCC with
adenosquamous immunophenotype, NSCC-NOS, LCC-
favor ADC, or even SQC, depending on the different
morphologic impressions, IHC biomarkers, or different
tool interpretation.”” %% We feel that NSCC-NOS or
LCC with biphenotypic glandular and Kkeratinizing
biphenotypic differentiation could be a valuable
compromise to label this underrecognized and new en-
tity, with a comment on its own unusual phenotype,
enhanced clinical aggressiveness, poor prognosis, and
disappointing resistance to treatments.
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