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Significance of p53 immunostaining in mesothelial
proliferations and correlation with TP53 mutation status
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p53 immunohistochemistry has long been proposed for the separation of benign from malignant mesothelial proliferations, with
the older literature suggesting that any degree of positivity supported a diagnosis of mesothelioma. However, using modern
immunohistochemistry platforms in other organ systems, notably gynecologic tumors, it has become clear that p53 staining can
represent wild-type protein, and only specific staining patterns (absent, overexpression, or cytoplasmic expression) are indicative of
a TP53 mutation. We applied these principles to two tissue microarrays containing 94 mesotheliomas and 66 reactive mesothelial
proliferations. Seven/65 (11%) epithelioid mesotheliomas showed aberrant staining (four absent and three overexpression patterns)
as did 5/29 (17%) of sarcomatoid mesotheliomas (all overexpression patterns). We sequenced the TP53 gene (exons 2–11) in five of
the epithelioid and three of the sarcomatoid cases with aberrant staining as well as 12 epithelioid and eight sarcomatoid
mesotheliomas with wild-type staining. All three sarcomatoid cases with aberrant staining showed mutated TP53, as did three of
the epithelioid cases; in two of the epithelioid cases no mutation was detected, most likely because of large deletions not detected
by this assay. In contrast, none of the 20 mesotheliomas with wild-type staining contained mutated TP53. We conclude that absent
or overexpression p53 staining patterns can be used as a marker of a malignant vs. a benign mesothelial proliferation. The
sensitivity of p53 staining by itself is low, but here addition of p53 to BAP1/MTAP staining increased sensitivity from 72 to 81% for
epithelioid and 38 to 50% for sarcomatoid mesotheliomas.
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INTRODUCTION
Distinguishing benign and malignant mesothelial proliferations
can be difficult based on histology alone. Existing immunohisto-
chemical markers that may aid in this distinction have limited
sensitivity, fueling interest in the characterization of potential new
markers. p53 is a tumor suppressor commonly altered in
malignancy and was one of the earlier markers investigated in
mesothelioma. However, driver mutations in p53 are now under-
stood to have a diversity of effects on protein abundance and
localization that were not considered in early p53 studies (see
below and Discussion).
p53 is involved in initiating apoptosis, DNA damage repair and

cell cycle arrest. Genetic alterations that result in the absence of
p53 protein, impair the nuclear localization of p53, or have a
dominant negative effects on p53 function, may contribute to
tumorigenesis1. p53 missense mutations often confer degradation
resistance, resulting in the accumulation of p53 protein. Such
accumulation may result in strong and diffuse p53 staining on
immunohistochemistry (IHC).
Recent studies have considered intense p53 staining in >80% of

tumor cells (overexpression pattern), complete loss of p53 staining
(absent or null pattern), or diffuse cytoplasmic rather than nuclear
p53 staining (cytoplasmic pattern) as an indication of aberrant p53
protein1–3. In contrast, early studies of p53 immunostaining in

mesothelioma used low thresholds for positivity (e.g., cases with
staining of any intensity in >10% of tumor cells were considered
“positive”)4,5. However, a considerable proportion of cases with
p53 staining in >10% of tumor cells had survival beyond that
expected for patients with mesothelioma6, casting doubt on the
specificity of >10% p53 staining as a marker of malignancy. More
recently, genetic alterations affecting TP53 have been found in
only 6–29% of mesotheliomas7–13, a fraction much lower than the
58% or greater proportion reported in some early studies to have
positive p53 staining14.
It remains unclear what proportion of mesotheliomas and

reactive mesothelial proliferations actually have TP53 alterations
and whether p53 IHC can be a good surrogate marker when using
modern criteria. Here we assessed p53 immunostaining in benign
and malignant mesothelial proliferations and correlated results
with TP53 sequencing data.

METHODS
Patient samples and tissue microarray construction
This study was approved by the University of British Columbia Research
Ethics Board. The cohort includes retrospectively identified samples from
the archives of Vancouver General Hospital and the consult files of AC.
We included 65 epithelioid mesotheliomas, 29 sarcomatoid mesotheliomas,
41 reactive epithelioid mesothelial proliferations, and 25 reactive spindle cell
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mesothelial proliferations. The diagnoses of mesothelioma were confirmed
with appropriate clinical follow-up and IHC. Tissue microarrays (TMAs)
were built on a receiver paraffin block using duplicate 0.6mm cores from
each case.

Immunohistochemistry protocols and interpretation
We used 4 µm sections from TMAs and performed p53 IHC on an Omnis
Autostainer (Dako, Santa Clara CA, USA) using the DO-7 clone (Dako
#M7001) at 1:500 for 20min. Heat induced epitope retrieval used high pH
buffer for 30min, mouse-rabbit linker was applied for 10min, and polymer
applied for 20min. BAP1 and MTAP IHC was performed as described
previously15.
The interpretation of the p53 IHC was done according to previously

established and validated criteria in the gynecologic pathology literature.
Wild-type (WT) pattern was defined as low intensity nuclear staining ≥1%
and <80%, while complete absence of staining (with positively staining
background tissue as an internal control) and strong nuclear or
cytoplasmic staining (overexpressor) in ≥80% of tumor cells were
considered aberrant, as per p53 staining interpretation in gynecological
malignancies1,3,16. The p53 staining pattern observed in TMA sections was
subsequently confirmed on whole slide sections for all cases on which
TP53 sequencing was performed.

TP53 sequencing
DNA for TP53 sequencing was extracted from formalin-fixed, paraffin-
embedded (FFPE) tumor tissue sections using the standard QIAamp FFPE
DNA Extraction Kit (Qiagen, Germantown, MD, USA) protocol. Primer sets for
Sanger sequencing and next-generation sequencing (NGS) strategies can be
found in Supplementary Table 1. Primers were designed to cover the entire
coding sequence of TP53 (exon 2 to 11). PCR products were amplified using
QuantStudio 6 Flex Real-Time PCR System (ThermoFisher Scientific, Waltham,
MA, USA) with 2.5 ng of DNA. Amplicons were pooled on a per sample basis
and each sample pool was barcoded with unique indexes. Following
indexing, all samples were pooled equimolar for sequencing on a MiSeq
Instrument (Illumina, San Diego, CA, USA) using a 300 cycle v2 sequencing kit.
Mutations were called across primer sets and manually verified in bam files to
ensure at least two (of three) amplicons contained the variant of interest. All
variants were validated by Sanger sequencing. Predicted effects of missense
variants on protein function were assessed using the International Agency for
Research on Cancer TP53 Database (http://p53.iarc.fr/TP53GeneVariations.
aspx), and splice site alterations were interpreted according to data in the
ClinVar database16. Only pathogenic variants are reported.

RESULTS
The distribution of staining by percent of positive cells and staining
intensity is shown in Supplementary Table 2. Aberrant p53
immunostaining was identified using TMA sections in 7 (11%) out
of 65 epithelioid mesotheliomas and 5 (17%) of 29 sarcomatoid
mesotheliomas (Table 1). Of the epithelioid mesotheliomas, four had
complete loss of p53 staining and three had strong diffuse nuclear
staining. Of the aberrantly staining sarcomatoid mesotheliomas, all
five had strong diffuse nuclear staining. An example of the various
staining patterns is shown in Fig. 1. No cytoplasmic staining was
identified in any mesothelioma. None of the 66 benign reactive
mesothelial proliferations (41 epithelioid and 25 spindle cell) showed
aberrant p53 staining; all showed low intensity (ie, wild type)
positivity in varying fractions of cells (Supplementary Table 2). Thus,
while the specificity of aberrant p53 staining was 100% for
malignant versus benign mesothelial proliferations, the sensitivity

for epithelioid mesothelioma was only 11%, and sensitivity for
sarcomatoid mesothelioma only 17% (this calculation is made on
the assumption that the IHC staining is an accurate surrogate for
genomic analysis, as our results described below suggest).
In comparison, BAP1 and MTAP were lost in 31/54 (57%) and 3/

26 (12%) of the epithelioid mesotheliomas, and 16/54 (30%) and
9/26 (35%) of the sarcomatoid mesotheliomas, respectively (14
cases did not have interpretable tissue remaining for BAP1 and
MTAP IHC). Of the seven epithelioid mesotheliomas with aberrant
p53 staining, five retained both BAP1 and MTAP staining, and two
showed loss of MTAP but retention of BAP1 staining. Of the five
sarcomatoid mesotheliomas with aberrant p53 staining, three
retained BAP1 and MTAP, one had loss of BAP1 and MTAP
staining, and one did not have tissue remaining. The combined
sensitivity of p53, BAP1, and MTAP IHC was therefore 81% for
epithelioid mesothelioma and 50% for sarcomatoid mesothelio-
mas. This represents a modest increase over the 72% and 38%
sensitivity of combined BAP1 and MTAP IHC for epithelioid and
sarcomatoid mesothelioma, respectively.
We then sought to confirm that our interpretation of p53 IHC

correctly identified cases with TP53 mutations. We performed
whole slide p53 IHC on the eight aberrantly staining samples with
available tissue and on 20 randomly selected mesotheliomas with
WT p53 staining. In all cases the whole slide staining pattern was
consistent throughout the section and concordant with the TMA
results (Supplementary Fig. 1).
We then sequenced all coding exons for TP53 (exon 2 to 11) in the

cases on which whole sections had been performed. TP53mutations
were identified in all 4 sequenced mesotheliomas that had strong
diffuse p53 staining (three sarcomatoid and one epithelioid, Table 2).
TP53 mutations were also identified in 2 of the 4 sequenced
mesotheliomas with complete loss of p53 staining (all epithelioid,
Table 2). Variant allele frequencies ranged from 0.283 to 0.551. The
identified mutations included three missense mutations predicted
to impact protein function, a splice site mutation and a frameshift
mutation. One sarcomatoid mesothelioma with strong diffuse
p53 staining had an in-frame trinucleotide deletion with unknown
effects on protein function. The missense mutations affecting
protein function were all identified in cases with strong diffuse
p53 staining, whereas the splice site and frameshift mutations were
identified in cases with loss of p53 staining. The case with a
frameshift mutation also had a missense variant on the same allele
that was not predicted to affect function. No TP53 mutations were
detected in the 20 sequenced mesotheliomas with WT p53 staining
(8 sarcomatoid and 12 epithelioid).
The concordance between p53 IHC and TP53 sequencing was

excellent, with only two disagreements among 29 cases (7%). Both
of the latter cases had an absent p53 pattern, but no mutation was
identified using our sequencing assay. As the sequencing
methodology used would not detect deletions of one or more
exons (typically associated with the absent p53 pattern) the
discordance described in these two cases was not unexpected17,18.

DISCUSSION
p53 was among the earliest immunohistochemical markers
investigated for distinguishing benign and malignant mesothelial

Table 1. p53 Staining patterns of benign and malignant mesothelial proliferations.

Diagnosis Morphology Total number
of cases

No
staining (null)

Strong diffuse (overexpressor)
staining

Total aberrantly
staining (%)

Mesothelioma Epithelioid 65 4 3 7 (11%)

Sarcomatoid 29 0 5 5 (17%)

Benign reactive mesothelial
proliferation

Epithelioid 41 0 0 0 (0%)

Spindle cell 25 0 0 0 (0%)
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Fig. 1 Examples of p53 immunohistochemistry staining patterns in mesothelioma. Shown are (A) wild type staining (B) absent staining
(null) and (C) strong diffuse staining (overexpressor) in epithelioid mesotheliomas, and (D) wild type and (E) strong diffuse staining
(overexpressor) in sarcomatoid mesotheliomas. 200×. Absent or strong diffuse staining confirms that the process is malignant. Wild-type low
intensity staining cannot be used to separate benign from malignant.

Table 2. TP53 Mutations detected in mesotheliomas with aberrant p53 staining.

Case number Morphology p53 staining
pattern

cDNA change Predicted protein change Predicted effect

1 Epithelioid Lost No mutation detected NA NA

2 Epithelioid Lost c.227_265del p.Pro77LysfsTer59 Loss of function

c.269C>T p.Ser90Phe Functional

3 Epithelioid Lost c.993+1G>A Absent or disrupted protein due to intron
inclusion between exon 9 and 10a

Loss of function

4 Epithelioid Lost No mutation detected NA NA

5 Epithelioid Strong diffuse c.707A>G p.Tyr236Cys Non-functional

6 Sarcomatoid Strong diffuse c.524G>A p.Arg175His Non-functional

7 Sarcomatoid Strong diffuse c.572_574delCCT p.Pro191del No data

8 Sarcomatoid Strong diffuse c.607G>T p.Val203Leu Partially functional
aPrediction from https://www.ncbi.nlm.nih.gov/clinvar/variation/528261/.
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proliferations. While studies performed between 1992 and
2003 showed promising results (e.g., pooled data from ten studies
showed 91% specificity and 58% sensitivity)14, these studies had
considerable variability in results: the proportion of cases with
positive staining ranged from 25 to 97% for mesothelioma and 0
to 82% for benign reactive mesothelial proliferations5,19–26

Variation in technical factors and interpretation likely contributed
to this wide range of results, with most studies considering either
any staining or staining in a small proportion of cells (e.g., >10%5,6)
to be a “positive” result suggestive of malignancy. Poor correlation
with clinical outcomes ultimately suggested that these interpreta-
tions of p53 staining resulted in inadequate specificity6, and in all
likelihood, most of the reported staining in these publications was
wild type or a mixture of mostly wild type with a few cases
carrying mutations.
Interpretation of p53 immunostaining has since evolved with

increasingly sensitive IHC systems and with the understanding of
the different staining patterns indicative of TP53 mutations. This
new approach, however, had never been validated in a cohort of
mesotheliomas. Our reevaluation of p53 staining using modern
scoring criteria found aberrant p53 staining to have a specificity of
100% for mesothelioma vs. benign mesothelial proliferations, but
sensitivities of only 11% for epithelioid mesothelioma and 17% for
sarcomatoid mesothelioma. The low sensitivity of aberrant
p53 staining limits its diagnostic utility as a stand-alone test,
particularly given the higher sensitivity of other markers used for
this purpose. For example, BAP1 IHC has a sensitivity of ~70% for
epithelioid mesothelioma and <20% for sarcomatoid mesothe-
lioma, MTAP IHC has a sensitivity of 33–65% for epithelioid
mesothelioma and up to 86% for sarcomatoid mesothelioma, and
PD-L1 has a sensitivity of 46–71% for sarcomatoid
mesothelioma27,28. Here the addition of p53 to BAP1/MTAP IHC
increased sensitivity for epithelioid mesothelioma from 72 to 81%,
and for sarcomatoid mesothelioma from 38 to 50%. These
increases are fairly small, but p53 IHC does provide an answer in
some cases and is potentially useful, since many laboratories
routinely run p53 IHC.
The frequency of TP53 mutations we identified is in keeping

with sequencing studies of mesotheliomas identifying TP53
mutations in only 6–29% of cases7–13. Also consistent with our
findings, the TP53 mutations identified in prior sequencing studies
tended to be ~60–70% missense mutations7,8,10, with sarcomatoid
mesothelioma having slightly more frequent TP53 mutations
than epithelioid mesothelioma (i.e., 12% of sarcomatoid vs. 5% of
epithelioid)13.
Large sequencing studies of malignant pleural mesotheliomas

showed that TP53 mutations are associated with a significantly
shorter overall survival8,13,29. However these sequencing assays
are slow, expensive, and usually not available to clinicians and
pathologists, unlike p53 IHC which is readily available in many
laboratories. Until now p53 IHC was considered unreliable but our
results show that p53 IHC can be an efficient surrogate for TP53
mutation status. We propose that p53 IHC could be used to further
study the role of TP53 mutations in mesotheliomas and,
potentially, as a prognostic tool. However, we caution that
accurate interpretation of p53 IHC requires appropriate optimiza-
tion of the assay, and delayed fixation leads to loss of p53 staining.
The identification of wild-type p53 staining in benign background
tissue is valuable for ensuring that the staining pattern in tumor
cells is not due to technical errors, and as pointed out by Kobel
et al.30 in regard to gynecologic malignancies, the staining must
be considerably more intense than the background wild-type
staining to be counted as positive.
The two cases in our series without detected TP53 mutations

may have undetected mutations outside of the sequenced
region (exon 2–11 only) or large deletions spanning the TP53
locus that were not detectable using our assay. Alternatively, p53
protein may be undetectable secondary to alterations affecting

its upstream regulators. For instance, ~20% of mesotheliomas
have detectable levels of MDM231, an E3 ubiquitin ligase whose
activity promotes p53 degradation and may result in loss of
p53 staining11.
As has been shown for other malignancies16, we found that

strong diffuse p53 staining was associated with missense
mutations (which may prevent ubiquitination and degradation
of p53), whereas loss of p53 staining was associated with
frameshift or splice site mutations (i.e., loss of function mutations).
In theory, transcripts with TP53 loss of function mutations towards
the 3′ end of the gene may escape nonsense mediated decay, and
the resulting truncated protein may still be recognizable by p53
antibody. Thus, not all cases with loss of function TP53 mutations
may have loss of p53 staining3. This mechanism is thought to
underlie the only 76% sensitivity of absent p53 staining for loss of
function mutations in ovarian carcinoma3. Nonetheless, both cases
with loss of function TP53 mutations in our study had absent
p53 staining.
We conclude that when using modern criteria, aberrant

p53 staining is present in a much smaller proportion of epithelioid
and sarcomatoid mesotheliomas than was previously reported.
While aberrant p53 staining is highly specific for malignant versus
benign mesothelial proliferations and highly sensitive for TP53
mutations, the diagnostic utility of p53 IHC is limited by the low
frequency of p53 alterations in mesothelioma; however, p53 IHC
can be a useful adjunct to BAP1 or MTAP1 IHC.
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