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Abstract

Context: Multiple tumors in the same patient suggest a genetic predisposition. Here, we report a patient who presented with several unusual
types of malignant and benign tumors, presumably due to a pathogenic germline PMS7 mutation.

Case: A 69-year-old woman presented with a 2-year history of abdominal pain and diarrhea. A computed tomography scan of the abdomen
revealed a gastrointestinal neuroendocrine tumor (GINET) with liver metastases and a nonfunctional benign adrenal adenoma. Bilateral large
lung nodules were thought to be also metastases from the GINET but turned out to be differentiated thyroid cancer metastases, which later
progressed to anaplastic thyroid cancer (ATC) and led to the patient's demise. A right sphenoid wing meningioma causing partial
hypopituitarism was diagnosed during her evaluation. A mammogram and a breast ultrasound revealed a 0.3-cm left breast nodule. Due to
the multiplicity of her tumors, whole exome sequencing was performed. This revealed a previously described PMST deletion mutation
causing a frameshift and truncation (NM_000534¢.1258delC, p.His420llefs*22) but no other pathogenic variant in other cancer genes. DNA
isolated from the ATC tumor tissue showed loss of heterozygosity of the same mutation, highly suggestive of its pathogenic role in thyroid
cancer and presumably other tumors.

Conclusion: This case reports several tumors including thyroid cancer, GiINET, adrenal adenoma, meningioma, and breast nodule, likely due to
the PMS T mutation found in this patient.

Key Words: PMST mutation, thyroid cancer, neuroendocrine tumor, meningioma, breast tumor

Abbreviations: ATC, anaplastic thyroid cancer; CT, computed tomography; FNMTC, familial nonmedullary thyroid cancer; GIiNET, gastrointestinal
neuroendocrine tumor; LS, Lynch syndrome; MMR, mismatch repair; PCR, polymerase chain reaction; PMS1, postmeiotic segregation increased 1; VHL,

Von Hippel Lindau syndrome.

Cancer is predominantly a sporadic disease. Only a handful
of syndromes are associated with an increased risk of cancer
[1-3]. However, with the introduction of next-generation se-
quencing, it has become clear that germline variants predispos-
ing to an increased risk of cancer are not uncommon [4-6].
Among the common familial cancer syndromes are multiple
endocrine neoplasia type 2, Von Hippel Lindau syndrome
(VHL), Li Fraumani syndrome, Gardner syndrome, and
many others [7]. Lynch syndrome (LS), also known as heredi-
tary nonpolyposis colorectal cancer syndrome, is one of the
most common cancer predisposition syndromes [8, 9]. It is
due to mutations in any of the genes involved in DNA mis-
match repair (MMR), including MLH1, MSH2, MSHG6,
PMS2, EPCAM [9]. The most common manifestations of
this syndrome is colorectal cancer [9, 10]. Other types of can-
cer described in LS include endometrial, ovarian, gastric, small
intestinal, hepatobiliary, pancreatic, brain, skin, and urinary

tract cancers [11, 12]. The postmeiotic segregation increased
1 (PMS1) gene is considered a minor gene in the MMR group.
Mutations in this gene has been described in several cases of
breast and colon cancer and less frequently in other types of
cancer, including lung, hepatocellular, and ovarian cancer
but not in classic LS. This report describes a patient with an un-
usual presentation of multiple benign and malignant tumors in
whom a previously reported germline PMSI mutation was
found. She presented with a gastrointestinal neuroendocrine
tumor (GINET) of the midgut and was also found to have a
nonfunctioning adrenal adenoma, a breast nodule, a meningi-
oma and metastatic thyroid cancer. Evaluation of one of these
tumors (anaplastic thyroid cancer [ATC]) in which tumor tis-
sue was available showed loss of heterozygosity, strongly sug-
gesting that this mutation played a role in its pathogenesis.
Although thyroid cancer was reported once in a patient with
a PMS1 mutation, GINET, adrenal tumors, and meningioma

Received: 26 July 2022. Editorial Decision: 6 March 2023. Corrected and Typeset: 2 May 2023
© The Author(s) 2023. Published by Oxford University Press on behalf of the Endocrine Society.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons.
org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any medium, provided the original work is not altered
or transformed in any way, and that the work is properly cited. For commercial re-use, please contact journals.permissions@oup.com


https://orcid.org/0000-0003-4294-3624
mailto:aliz@kfshrc.edu.sa
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1210/jendso/bvad035

have not previously been reported in association with muta-
tions in this gene. The loss of heterozygosity of this mutation
in ATC tumor tissue suggests that this mutation is pathogenic

in ATC and, presumably, in the other tumors that this patient
had.

Patients and Methods

The patient is described in detail in the “Results”. After ob-
taining institutional review board approval and informed con-
sent from the patient, we isolated DNA from peripheral
leukocytes using a QIAamp DNA Blood Mini Kit (Cat. No.
51104, QIAGEN GmbH, Germany) and from the lung biopsy
tissue using a QIAamp DNA FFPE Tissue Kit (Cat. No.
56404, QIAGEN GmbH, Germany).

Whole Exome Sequencing

Whole exome sequencing of the leukocyte DNA was per-
formed using the Ion Torrent platform (AmpliSeq kit).
Briefly, 100 ng of DNA was amplified using AmpliSeq HiFi
mix (Life Technologies, Carlsbad, CA, USA) for 10 cycles.
Polymerase chain reaction (PCR) products were pooled, fol-
lowed by primer digestion using FuPa reagent (Life
Technologies, Carlsbad, CA, USA). This was followed by a li-
gation step using Ion P1 and Ion Xpress Barcode adapters. The
library was purified and quantified using quantitative PCR
and the Ion Library Quantification Kit (Life Technologies,
Carlsbad, CA, USA). The emulsion of the libraries was done
using a Ion OneTouch System to attach the DNA fragments
to the Ion Sphere particles. The final step in the library prep-
aration was the enrichment of the Ion Sphere particles using
Ion OneTouch ES (Life Technologies, Carlsbad, CA, USA).
Following that, the library was loaded on to the sequencing
chip, which was then inserted into the Ion Proton instrument
(Life Technologies, Carlsbad, CA, USA) for sequencing.

Bioinformatics Analysis

We used the Torrent Suite (https:/github.com/iontorrent/TS)
analysis kit for bioinformatics analysis using the manufac-
turer’s recommended parameters for base calling and align-
ment. This was followed by checking the reads for quality
and trimming the low-quality parts. The reads were aligned
with the reference human genome (version hgl19) using the
manufacturer’s recommended parameters. Following align-
ment, we used the variant calling pipeline of the Torrent suite,
both of which are based on the BWA-GATK pipeline, but they
were tuned more closely to the Ion Torrent technology by in-
cluding flow signal information and the library of common se-
quencing error motifs to improve accuracy.

The next step was running an in-house-developed annota-
tion pipeline. This pipeline was based on the Annovar package
(http:/annovar.openbioinformatics.org), which includes
about 40 databases. We also added more information tracks,
including variant frequencies from the Saudi Human Genome
Program database.

The list of annotated variants per the patient’s sample was
filtered to remove the small intronic sequences and synonym-
ous variants. The remaining variants were then prioritized
based on the following criteria: (1) the existence of genes
that are known to be related to familial cancer or multiple tu-
mor syndromes, (2) the effect score (whether the variant is
truncating/damaging or not), and (3) the frequency in public
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databases and Saudi population (Saudi Genome database
with more than 16000 individual sequencing data). Firstly,
we compared all the variants with our internal database
(Saudi Genome Database) to see whether any of the variants
were already associated with a disease. Secondly, we checked
whether the variant has been reported in Human Gene
Mutation Database (HGMD). Thirdly, we reviewed whether
the variant has already been published in ClinVar. Fourthly,
we excluded variants with minor allele frequency >1% in
gnomAD. Putative variants were assessed for potential patho-
genicity by in silico prediction tools as recommended by
American College of Medical Genetics and Genomics
(ACMG) guidelines. In addition to PMSI1, we specifically
looked for pathogenic, likely pathogenic, or variants of un-
known significance in specific genes that are associated with
cancer (MLH1, MSH2, MSH6, PMS2, EPCAM RET,
MENT1, DICER1, CDKN1B, VHL, NF1, BRCA1, BRCA2,
TPS3, TSC1, TSC2, GCGR, PI3KCA, PTEN, TPS53, NF1,
NEF2, and SDHx). We did not find pathogenic, likely pathogen-
ic, or variants of unknown significance in any of these genes.

Quality of Sequencing

Sequencing quality was assessed using different metrics. These
showed that the target regions are well covered by the next-
generation sequencing reads (99.6% total average coverage
at 1x and 96.88% average coverage at 20X) with an average
depth of 224 (ie, each base in the target region is covered by
224 reads on average).

PCR and Sanger Sequencing

The part of PMS1 exon 9 that contains the mutation was amp-
lified by PCR and directly sequenced. The primers used are
forward: 5’-CTGATGACGACTTGTTATGGACC and re-
verse: 5'-CCCTGCTCCACTCATCTGC. The PCR condi-
tions were as follows: initial denaturation for 4 minutes at
94 °C, followed by 35 cycles of denaturation at 94 °C for
30 seconds, annealing at 56 °C for 30 seconds, and extension
at 72 °C for 45 seconds followed by a final extension step at
72 °C for 4 minutes, cooling, and storing at 4 °C. The PCR
product was resolved on 2% agarose gel and sequenced using
the same primers in forward and reverse directions using the
dideoxy chain termination method (Applied Biosystems ABI
3730XL DNA Analyzer Sequencer).

Results

Patient

A 69-year-old woman presented in 2020 with a 2-year history
of recurrent right lower quadrant abdominal pain and loose
bowel motions 4 to 5 times per day. A computed tomography
scan (CT) of the abdomen and chest revealed a 2-cm ileal
mass, an adjacent 6-cm mesenteric mass (Fig. 1A ), 3 liver le-
sions (Fig. 1B), and a 4-cm right adrenal mass (Fig. 2C). It also
showed extensive bilateral lung nodules consistent with me-
tastases (Fig. 1D). The patient underwent a laparoscopic ex-
ploration of the abdomen and a liver biopsy of 1 of the liver
lesions. These revealed a well-differentiated metastatic neuro-
endocrine tumor, grade 1 with Ki67 index of 2% (Fig. 2),
which was positive for chromogranin A and synaptophysin.
Hormonal and radiological evaluation of the right adrenal
mass showed that it was nonfunctional and likely benign.
The patient was thought to have a widely metastatic GINET
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Figure 1. A composite diagram showing axial sections of contrast-enhanced computed tomography of the pelvis and lower abdomen (A), the liver (B),
and the right adrenal gland (C). These show a large mesenteric neuroendocrine tumor (arrow), liver metastases (arrows), and right adrenal mass
(arrowheads). A CT scan of the chest (D) shows extensive bilateral lung metastases from thyroid cancer. This is confirmed on the anterior and posterior
views of the |-123 whole body scan (E) which show extensive radioiodine uptake in the lungs and thyroid lobes. (F) A coronal section of a
contrast-enhanced T1 weighted image of magnetic resonance imaging of the head showing a right sphenoid wing meningioma (arrow) and secondary
partial empty sella (arrowhead). (G) Follow-up CT scan of the chest after 2 I-131 therapies showing remarkable reduction in the size and number of the

lung metastases seen before I-131 therapy in D.

to the liver and lungs. She was referred to our hospital for fur-
ther management. On initial evaluation, the patient gave a his-
tory of thyroid surgery 15 years ago in a small community
hospital; the details of the operation were unavailable to the
patient and could not be obtained. She was not informed
about the diagnosis, had no follow-up after thyroid surgery,
and was not placed on thyroxine hormone replacement ther-
apy. Her past medical history was otherwise noncontributory.
Her family history was negative for cancer, NETs, or chronic
illnesses. Physical examination was unremarkable except for a
small healed thyroidectomy scar without neck masses or
lymph nodes. Her vital signs were normal.

She was clinically mildly hypothyroid. The chest examin-
ation was clear, and the heart examination was normal with-
out raised jugular venous pressure, added sounds, or
murmurs. The abdomen was soft and lax with no palpable
masses, hepatomegaly, or splenomegaly and no ascites.
Bowel sounds were normal. Skin, musculoskeletal and neuro-
logical examinations were all normal. Due to the low-grade
nature of the GINET and the minimal liver metastases, we
doubted that the extensive lung metastases originated from
the GINET. Considering her history of partial thyroidectomy
and the classic appearance of thyroid cancer metastases on her
lung CT scan, we suspected thyroid cancer as a source.
Nonstimulated serum thyroglobulin came back >5000 ng/dL
(normal range 1.4-78) with negative antithyroglobulin anti-
bodies. A diagnostic I-123 whole-body scan confirmed meta-
static thyroid cancer in the lungs (Fig. 1E). Thyroid
ultrasonography showed evidence of left hemithyroidectomy
with an intact right lobe containing 2 small nodules 3 and
2 mm in size and no suspicious lymph nodes. A fine-needle

aspiration biopsy from the 3-mm nodule showed benign fol-
licular cells. Due to the widespread lung metastases, we de-
cided to treat her with radioactive iodine (I-131) rather than
subjecting her to another thyroid surgery. It was noted that
her thyrotropin (TSH) was just mildly elevated at 6.5 mU/L
(normal range 0.4-4.2) despite a significant drop in her free
thyroxine level of 8.8 pmol/L (normal range 12-22). In add-
ition, luteinizing hormone (6.3 IU/L) was inappropriately
low (normal range for postmenopausal women 7.7-58.5 U/
L), and follicle-stimulating hormone (18 u/L) was also in-
appropriately low (normal range for postmenopausal women
25.8-134.8 u/L). For these reasons, we suspected a pituitary
disease and a magnetic resonance imaging of the pituitary
gland was requested. This revealed a right sphenoid wing
meningioma of 1.8 cm impinging on the right side of the
pituitary gland with secondary partial empty sella (Fig. 1F).
A short synacthen test was normal with baseline cortisol
228 pmol/L (normal range 166-507) and poststimulation
cortisol level 866 pmol/L (normal response >550 pmol/L).
Dehydroepiandrosterone sulfate was low, suggesting mild
chronic adrenocorticotropin deficiency. Serum aldosterone
and plasma renin were not measured since the patient was
normotensive. Twenty-four-hour urine catecholamines were
normal.

A mammogram and breast ultrasound revealed a 3-mm
lesion in the left breast (BI-RADS 2).

For the GINET, surgery was deemed difficult due to exten-
sive mesenteric tethering by the tumor which would result in
extensive bowel resection if surgery is perfomred. Therefore,
surgery was not persued and the patient was started on
monthly long-acting somatostatin analogue (octreotide
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Figure 2. (A) Hematoxylin and eosin stain of liver biopsy showing nests of well-differentiated neuroendocrine cells between normal liver cells. The tumor
cells are round and uniform without mitotic activity. (B) Ki-67 stain showing several positive tumor cell nuclei in the lower half of the field (~2%). The upper

half show positive nuclei of inflammatory and stromal cells.

LAR) 20 mg intramuscularly. The GINETs remained stable
on follow-up CT scans and magnetic resonance imaging
done 6 and 12, and 24 months later. The meningioma was
managed conservatively without intervention and continued
to be stable. For thyroid cancer, the patient was treated with
I-131 twice, 109 mCi and 110 mCi, in January 2020 and
January 2021. Follow-up CT scan of the lungs, serum thyro-
globulin, and I-123 whole body scan showed remarkable im-
provement in the size and activity of the lung nodules and the
residual thyroid tissue (Fig. 1G). In May 2022, a repeated CT
scan of the chest showed an increasing size of the lung metas-
tases. In September 2022, an I-123 diagnostic whole body
scan showed positive uptake in the bilateral lung metastases.
The patient was treated with a third dose of 1-131 with
78 mCi-administered activity. In December 2022, she pre-
sented with cough and increasing shortness of breath for 10
days. Chest X-ray and CT scan of the chest showed massive
left pleural effusion and a significant increase in the size of
the lung nodules, with new lung and large pleural nodules.
A CT-guided lung biopsy revealed transformation of thyroid
cancer to ATC (Fig. 3). Molecular testing revealed no drug-
gable genetic alterations.  Specifically, ~BRAFY6F,
RET-PTC, NTRK, and ALK fusions were all negative. The
patient’s condition rapidly deteriorated and needed intub-
ation and intensive care unit admission. She could not be
weaned off the ventilator and passed away 11 days after her
admission to the intensive care unit.

Genetic Analysis

The bioinformatics analysis of whole exome sequencing re-
vealed a previously described variant in PMST (NM_000534:
¢.1258delC, p.His420Ilefs*22). This was confirmed by PCR
and direct Sanger sequencing (Fig. 4A and 4B). This mutation
leads to frameshift and truncation 22 codons downstream of
the deletion site. The lung biopsy sample confirmed the loss
of heterozygosity at this mutation site (Fig. 4C and 4D).

Discussion

In this report, we describe a case of multiple benign and malig-
nant tumors with a PMS1 deletion mutation, previously de-
scribed in patients with breast cancer and in a single case of
thyroid cancer but not with the other tumors that this patient
had [13, 14]. In a cohort of 8085 consecutive nonselected
Chinese breast cancer patients screened for germline

mutations using a 64-cancer gene panel, 16 cases (0.2%)
were found to have PMS1 germline mutations [13]. Of these
16 mutations, 6 were the same mutation found in our patient
(NM_000534:c.1258delC, p.H420fs) [13]. In another report
from China, screening of 937 consecutive breast cancer pa-
tients with high-risk features for underlying genetic mutations
revealed germline mutations in around 24% of them, with 1
patient having the same PMS1 mutation described in this re-
port [14]. Our patient had a breast nodule that seemed benign
based on breast ultrasonography and mammography. More
unusually, she had a meningioma, thyroid cancer, GiNET,
and an adrenal nodule. Except for a single case of differenti-
ated thyroid cancer in the context of next-generation sequen-
cing screening for cancer gene mutations in a large sample of
patients with thyroid cancer [15], these tumors have never
been described in association with this mutation. Although
heterozygous in the peripheral blood DNA, this germline
PMS1 mutation was biallelic in the ATC tumor (loss of hetero-
zygosity, Fig. 4), implying that it is pathogenic in ATC and
presumably in the other tumors of this patient. Whether this
collection of tumors and the presence of the PMS1 mutation
represent an atypical case of LS remains speculative only.
This specific PMS1 mutation has not been previously de-
scribed in LS. LS is most commonly associated with colorectal
cancer, with a lifetime risk of 20% to 70% [12]. The average
age at the time of diagnosis of colorectal cancer is 44-61 years
[12]. This is followed by endometrial cancer with a lifetime
risk of 15% to 70% and an average age at diagnosis of
48-62 years [12]. Other common cancers in LS include gastric
(lifetime risk 6-13% and average age at diagnosis of 56 years)
and ovarian cancer (lifetime risk 4-12% and average age at
diagnosis of 42.5 years) [12]. Other less common cancers
that may occur in LS (overall life time risk is 15%) include
small intestine, hepatobiliary, pancreatic, brain, skin, and
urinary tract cancers [12]. On repeated extensive evaluations
of this patient with several CT scans, F18-fluorodeoxyglucose
and gallium-68 positron emission tomography CT scans, and
upper and lower gastrointestinal endoscopies, none of these
more typical tumors of LS was diagnosed. In LS, most muta-
tions occur in MSH2 and MLH1 [16]. These genes are called
the major DNA MMR genes [17]. Other MMR genes are less
frequently mutated and are called minor genes [17]. MSH2
mutations are more likely associated with extracolonic can-
cers, including endometrial, ovarian, renal, and gastric can-
cers [16]. PMS2 mutations may present with a combination
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Figure 3. (A) Hematoxylin and eosin stain of transthoracic lung biopsy showing pleomorphic tumor cells with significant mitotic activity in a disorganized
pattern consistent with anaplastic thyroid cancer (ATC). Some cells show hobnail morphology, suggesting that the original tumor was papillary thyroid
cancer. These cells are positive for TTF1 (B), PAX8 (C), which are features of thyroid origin, and P53 (D), a common feature of ATC.

of colorectal cancer and brain glioblastomas [18]. PMST is
considered a minor MMR gene. This gene has 12 exons and
is located on chromosome 2q31.1. It encodes a 932-amino
acid protein, PMS1 homolog 1. This protein belongs to the
DNA MMR mutlL/hexB family. However, its role in DNA re-
pair is not certain, but it can form heterodimers with MLH1, a
known DNA MMR protein. PMS1 mutations may cause her-
editary nonpolyposis colorectal cancer, either alone or in com-
bination with mutations in other genes involved in LS. The
deletion mutation we describe in this report (NM_000534:
¢.1258delC, p.His420Ilefs*22) is located on exon 9, leading
to frameshift and truncation 22 codons downstream. It leads
to the loss of a significant part of the carboxy terminal part of
the protein. It has been most frequently associated with breast
cancer [13, 14, 19, 20]. Only a few cases of nonbreast cancer
have been described, including 1 case of hepatocellular cancer
[21], a case of colorectal cancer [22], a case of combined
breast and ovarian cancer [23], a case of mesothelioma in a pa-
tient with history of asbestosis [24], and a case of papillary
thyroid cancer detected in screening for germline mutations
in a number of cancer genes in patients with different types
of cancer [15]. The case we described in this report is unique
in many aspects, including the unusual combination of tumors
she had (GINET, thyroid cancer, breast and adrenal nodules,
and a meningioma) and absence of colorectal or endometrial
cancer. Therefore, it is questionable whether we can consider
it a case of LS or not. Howevers, it is a case with several benign
and malignant tumors and a pathogenic PMS1 mutation. The
loss of heterozygosity in the ATC (Fig. 4) strongly suggests its
pathogenic role in this tumor and presumably in the other tu-
mors that this patient had based on its known role in LS.
Apart from about 20% to 25% of cases of medullary thy-
roid cancer that are familial as part of multiple endocrine neo-
plasia syndromes type 2a or 2b [25], epithelial cell-derived
thyroid cancer (commonly referred to as differentiated thyroid
cancer) is sporadic in more than 90% of cases [26]. However,
about 5% to 9% of patients have genetic predispositions and
are frequently referred to as familial nonmedullary thyroid

cancer (FNMTC) [26]. These cases either develop as part of
familial cancer predisposition syndromes or as an isolated
type of cancer affecting more than 1 family member
[26, 27]. The syndromic forms of FNMTC include Cowden
syndrome caused by germline mutations in PTEN, familial
adenomatosis polyposis syndrome (Gardner syndrome) due
to mutations in APC, Werner syndrome due to mutations in
WRO, Carney syndrome due to mutations in PPARKAI
and DICER1 syndrome due to mutations in DICERI
[26, 28]. The genetics of the nonsyndromic FNMTC are less
clear [27]. Several genes and chromosomal loci have been
identified in different families, but there is a lack of consist-
ency [26, 27]. These genes include HABP2, FOXEI,
SGPR1, and many others [26, 27]. Thyroid cancer has not
been described in LS.

Although about 10% of pancreatic NET (PanNET) are part
of underlying genetic syndromes, GiNETSs are mostly sporadic
[29]. PanNETs can be part of multiple endocrine neoplasia type 1
(MEN1 or CDKNI1B), VHL, neurofibromatosis type 1
(NF1), tuberous sclerosis (TSC1 or TSC2), Mahvash syn-
drome (GCGR) and familial insulinomatosis syndrome
(MAFA) [29]. PanNET and GIiNET more commonly carry
somatic mutations in epigenetic regulator genes rather than
oncogenes and tumor suppressor genes [29]. These somatic
genetic alterations are different between PanNETs and
GINETs. Both PanNETs and GiNETs have not been previ-
ously reported in LS.

Finally, meningiomas are the most common intracranial tu-
mors and are usually benign [30]. Like thyroid cancer, they are
primarily sporadic but are also associated with known cancer
predisposition syndromes [31]. They are seen in cases of
neurofibromatosis 2, Gorlin, Li Fraumani, Cowden, VHL,
and MENT1 syndromes [31]. Somatic mutations are common
in meningiomas [32, 33]. The most common abnormality
that occurs in about 50% of these tumors is the 22q12
chromosome deletion that encodes for the tumor suppressor
gene neurofibromin 2 (NF2) [32, 34]. Other alterations in-
volve a number of signaling pathways (reviewed in Maggio
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Figure 4. A chromatogram showing (A) normal sequence of part of PMS1 exon 9 (NM_000534 and (B) the patient’s germline DNA sequence showing a
heterozygous deletion mutation (NM_000534:c.1258delC, p.His420llefs*22). The 2 lower panels show loss of heterozygosity of the same mutation in
anaplastic thyroid cancer (ATC) in using reverse (C) and forward (D) primers. The double sequence following the loss of heterozygosity is due to
contamination of tumor DNA with genomic DNA from the heavy lymphocytic infiltration of the ATC.

et al [31]). To our knowledge, meningiomas have not been re-
ported in LS.

This case strongly suggests that thyroid cancer is due to the
PMS1 mutation she had, and the GINET, meningioma, and
the breast and adrenal nodules are likely also to be due to
this PMS1 mutation. However, this is not definite, as those tu-
mors are not uncommon, especially in older people.

In summary, we describe a case of multiple benign and ma-
lignant tumors, including thyroid cancer, metastatic GINET, a
meningioma, an adrenal nodule, and a breast nodule of un-
clear malignancy potential in an elderly lady who carries a pre-
viously described pathogenic PMS1 mutation, suggesting that
this mutation is the underlying genetic alteration of these tu-
mors. This is further supported by the loss of heterozygosity
in 1 of these tumors, ATC.
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