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GOAL

To understand Muir-Torre syndrome (MTS) to better manage patients with the condition

OBJECTIVES

Upon completion of this activity, dermatologists and general practitioners should be able to:

1. Discuss the clinical presentation of MTS in patients.

2. Explain the treatment options for MTS.

3. Describe the genetics of MTS.
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The presence of sebaceous skin tumors with vis-
ceral neoplasms is known as Muir-Torre syn-
drome (MTS). It is a phenotypic subset of
hereditary nonpolyposis colorectal cancer and is
caused by mutations in genes encoding for mis-
match repair (MMR) proteins. The presence of a
sebaceous gland neoplasm should raise concern
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for a potential diagnosis of MTS. Immunohisto-
chemical analysis of the sebaceous skin tumors
can be helpful in screening for an MMR defect
and preselecting patients who are at increased
risk of a visceral malignancy. We report a case of
MTS and show immunohistochemical analysis of
the sebaceous neoplasm. We also review the lit-
erature on MTS and the effectiveness of immuno-
histochemical analysis in screening patients at
risk for MTS.

Cutis. 2005;75:149-155.

uir-Torre syndrome (MTS) is an autosomal-
dominant condition characterized by seba-
ceous skin tumors and visceral neoplasms.!
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Figure 1. Pink papules
and nodules representing
sebaceous tumors on

the forehead.

Figure 2. Nodule on the
back representing a seba-
ceous epithelioma.

The first descriptions of this syndrome came inde-
pendently from Muir et al? and Torre.> Advances in
genetic research have demonstrated that MTS is a
phenotypic subset of hereditary nonpolyposis colo-
rectal cancer and, in most cases, arises from germline
mutations in genes encoding for mismatch repair
(MMR) proteins. We report a case of MTS and

review the relevant literature.

Case Report

A 49-year-old white man presented to a dermatol-
ogist with the complaint of a cyst on the right side
of his neck. The lesion was excised, and the
histopathology results revealed a sebaceous epithe-
lioma. One year later, the patient underwent a
screening colonoscopy. Two polyps were removed,
with the histopathology results demonstrating one
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juvenile polyp and one tubulovillous adenoma.
Follow-up colonoscopy results one year later
revealed a sessile lesion in the sigmoid colon for
which the results of a biopsy demonstrated adeno-
carcinoma. Because of this malignancy and the
patient’s strong family history, a subtotal colectomy
was performed. The patient subsequently developed
new papules and nodules on his forehead and back
(Figures 1 and 2). The histopathology of 3 of these
lesions revealed sebaceous epitheliomas (Figure 3).
The patient later developed a keratoacanthoma.
The patient’s family history is remarkable for
colon cancer in his maternal grandmother, mother,
father, paternal aunt, paternal uncle, and sister. His
mother was diagnosed with colon cancer at 52 years
of age. His father was diagnosed at 63 years of age
and died at age 67. His sister was diagnosed at



40 years of age and died at age 42. Two brothers are
apparently unaffected. The patient has 5 children
aged 21 to 32 years, none of whom have been
screened for malignancy.

Results of immunohistochemical studies performed
on the colonic tumor revealed a lack of normal
expression of MMR proteins hMSH2 and hMSH6.
Similarly, immunohistochemical studies performed
on a sebaceous epithelioma demonstrated absent
hMSH?2 and hMSHG6 expression (Figure 4). Molecular
analysis was performed on the colonic tumor by pro-
tein truncation assay, and results revealed a mutation
in the hMSH2 gene. Further testing of the tissue
revealed high-grade microsatellite instability.

Figure 3. Sebaceous epithe-
lioma (A and B)(H&E, original
magnifications X20 and
x200).

Based on these clinical, histopathologic, and
molecular findings, the patient was diagnosed with
MTS. Because both the patient’s maternal and
paternal families are affected, it is unclear from
which parent this patient inherited the disorder.

Comment

Muir-Torre syndrome is inherited in an autosomal-
dominant manner, demonstrating a high degree of
penetrance with variable expression.* Since 1982,
more than 200 cases of MTS have been described
in the literature. The mean age at diagnosis is
53 years, with the male-to-female ratio being 2:1.>
Clinically, the diagnosis usually is made by the
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Figure 4. Absent hMSH2
staining in the sebaceous
epithelioma. Note normal
hMSH staining in the epider-
mis (immunohistochemistry, as
original magnification X 100). e

presence of at least one sebaceous neoplasm associ-
ated with at least one primary visceral malignancy.
Multiple keratoacanthomas and a visceral neo-
plasm occurring in the setting of a positive family
history also fulfills diagnostic criteria.”® In one
review, sebaceous tumors were found to precede the
visceral malignancy in 22% of patients, occur con-
currently in 6% of patients, and appear after the
internal malignancy in 56% of patients.®

The sebaceous tumors required to make a diag-
nosis of MTS include sebaceous adenomas, seba-
ceous epitheliomas, and sebaceous carcinomas.
Sebaceous adenomas are the most common diag-
nostic skin lesion in MTS. Sebaceous hyperplasia,
though seen in patients with MTS, does not fulfill
diagnostic criteria.® Clinically, most sebaceous
tumors have a nonspecific appearance, most often
presenting as a pink to yellowish papule or nodule.
Some lesions may be umbilicated, resembling mol-
luscum contagiosum.

Histopathologically, sebaceous adenomas are
characterized by sebaceous lobules with a peripheral
germinative layer of small basaloid cells that tran-
sition to mature sebaceous cells centrally. In seba-
ceous epitheliomas, the peripherally located small
basaloid cells outnumber the mature sebaceous
component. Sebaceous carcinoma demonstrates an
architecturally malignant basaloid neoplasm with
cytologic atypia, scattered mitoses, and variable
sebaceous differentiation.”!® Pagetoid spread may
be seen, particularly in the periocular variant.
Immunohistochemically, these tumors demonstrate
positive staining for keratin, epithelial membrane
antigen, and androgen receptors.!? Although
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sebaceous neoplasms may occur sporadically, cystic
sebaceous tumors are specifically reported for
MTS.%1 Keratoacanthomas occurring in the set-
ting of MTS may be of the ordinary type or demon-
strate sebaceous differentiation.®

In general, sebaceous gland tumors are rare
lesions. An archival review of the histopathologic
specimens stored in the dermatology department at
the Mayo Clinic over a 60-year period found only
59 patients with one or more of these lesions. Of
these 59 patients, 25 (42%) had one or more visceral
malignancies.'* Visceral malignancies reported in
patients with MTS include gastrointestinal, urogen-
ital, breast, hematologic, head and neck, lung,
mesothelioma, pancreas, melanoma, biliary, para-
ganglioma, and chondrosarcoma. Gastrointestinal
malignancies, particularly colonic tumors, are the
most common (61%), followed by urogenital can-
cers (22%). It is not uncommon for patients to have
multiple primary visceral neoplasms.®” Frequently,
the visceral malignancies of MTS patients display a
surprisingly indolent course with long survival
despite metastatic disease."® Because MTS is now
recognized as a phenotypic subset of hereditary non-
polyposis colorectal cancer, it is not surprising that
the spectrum of internal malignancies in MTS is
almost identical to that of hereditary nonpolyposis
colorectal cancer syndrome.?

The management of MTS patients and their
families requires a multidisciplinary approach,
including the primary care physician, dermatolo-
gist, gastroenterologist, surgeon, and oncologist.
From the dermatologist’s perspective, sebaceous
adenomas and sebaceous epitheliomas should be



completely excised. Given their aggressive growth
pattern and metastatic potential, sebaceous carci-
nomas should undergo wide excision.®'® Mohs
micrographic surgery has been successfully used to
excise eyelid sebaceous carcinomas.!” Chemopro-
phylaxis with oral isotretinoin alone or in combi-
nation with interferon alfa has been shown to
suppress the development of sebaceous neoplasms
in MTS.18

Over the past decade, advances in genetic
research have established MTS as a fuller pheno-
typic expression of hereditary nonpolyposis colo-
rectal cancer.*'” MTS and hereditary nonpolyposis
colorectal cancer are caused by a germline muta-
tion in one of the DNA MMR genes hMSH2,
hMLH1, hPMS2, or hMSH6.5%° MMR proteins
ensure genomic integrity by identifying and excis-
ing mismatches of single nucleotide bases, as well
as mismatches that result from insertions and dele-
tions that occur during DNA replication.”! A
person with an inherited MMR mutation develops
a complete MMR defect when the corresponding
MMR gene is inactivated by a “second hit.”?? This
MMR defect results in an accumulation of replica-
tion errors resulting in tumorigenesis. Tumors
associated with a DNA MMR defect exhibit
microsatellite instability, which is characterized by
size variations in microsatellite sequences in tumor
DNA compared with matching normal DNA.%!
Microsatellite instability and germline mutations
in MMR genes are frequently detected in families
with MTS and hereditary nonpolyposis colorectal
cancer. In one study, Kruse et al' found
microsatellite instability in 23 of 24 skin tumors
from 16 patients with MTS. Microsatellite instabil-
ity was found in at least 1 skin tumor from all
16 patients. All 7 visceral tumors from these MTS
patients demonstrated microsatellite instability.!”
Machin et al?® also found microsatellite instability
in all cutaneous and visceral tumors from 6 patients
with MTS. Entius et al?* identified microsatellite
instability in 9 of 13 tumors of MTS patients and
0 of 8 sporadic sebaceous tumors.

The 2 most frequently affected MMR genes in
hereditary nonpolyposis colorectal cancer and
MTS are h(MSH2 and hMLHI. In hereditary non-
polyposis colorectal cancer, hAMSH2 accounts for
53% and hMLHI1 accounts for 36% of germline
mutations. In MTS, 92% of germline mutations
occur in hMSH2 and 8% in hMLHIL." The
pathogenicity of hMSH6 mutations is not clear.
Mutations in this gene alone have not been linked
to high-grade microsatellite instability and are not
associated with the hereditary nonpolyposis colo-
rectal cancer and MTS phenotype (Baudhuin LM,
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Burgart L], Leontovich O, et al, unpublished data,
2004).> As demonstrated in this case, loss of pro-
tein expression for hMSH2 and hMSHS6 is highly
correlated with germline mutations in hMSH2. It
has not been clearly elucidated why a lack of
hMSHG6 expression occurs in association with
germline mutations in hMSH2. Because these
proteins bind as MMR complexes, it is possible
that the loss of one binding partner of a complex
affects the proper expression of the other partner
(Baudhuin LM, Burgart L], Leontovich O, et al,
unpublished data, 2004).

Sebaceous gland neoplasms are rare tumors; in
patients with MTS, these tumors frequently pre-
cede or occur concurrently with the visceral
malignancy. Recognition of these lesions and dif-
ferentiating them from sporadic sebaceous gland
tumors is therefore critical in patient manage-
ment. In the previously mentioned archival study
at the Mayo Clinic,'* 42% of patients with seba-
ceous tumors had at least one visceral malig-
nancy. Kruse et al*® found microsatellite
instability in 15 of 25 randomly selected seba-
ceous neoplasms. Subsequently, it was found
that 9 of those 15 patients with microsatellite
instability—positive sebaceous tumors were iden-
tified as having MTS.?¢ Popnikolov et al?’ found
loss of MMR (either hAMSH2 or hMLH1) in 50%
of consecutive sebaceous adenomas and 43% of
consecutive sebaceous carcinomas. In those
patients who were subsequently found to have an
associated malignancy, 80% of sebaceous lesions
demonstrated a loss of either hAMSH2 or hMLHI.
In comparison, 23% of sebaceous lesions not
associated with a visceral malignancy showed a
loss of hMSH2 or hMLH1.?” Because sebaceous
tumors precede the visceral malignancy in one
fourth of patients, the identification of sebaceous
tumors demonstrating microsatellite instability or
MMR loss without an associated visceral malig-
nancy may represent the initial expression of
MTS, which would indicate an increased risk
of visceral malignancy in these patients.

Identifying a germline mutation in one of the
DNA MMR genes can be helpful in preselecting
patients with sebaceous tumors or multiple kerato-
acanthomas with an increased risk for visceral malig-
nancy. Screening for microsatellite instability or
searching for mutations in either hMSH2 or
hMLHI, however, can be arduous, expensive, and
time consuming.”®? Instead, immunohistochemical
analysis using antibodies against hMSH2 and
hMLHI proteins in MTS-associated skin tumors
may be used as an initial screening for MMR defects.
Mathiak et al®® reported immunohistochemical
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investigation of 28 skin tumors from 17 patients
using antibodies against hMLH1 and hMSH?2
proteins. Twenty of these tumors were from
10 patients with known germline mutations in
hMSH2 or hMLHI1; 8 tumors were sporadic.
Seventeen of 19 (one sample was not immuno-
reactive and was not included) tumors from
patients with known germline mutations showed
a loss of either hMSH2 or hMSHI expression
(89% sensitivity). All 8 sporadic tumors showed
normal expression of both hMSH2 and hMLH1
(100% specificity). Overall, in 93% (26/28) of
skin tumors, the staining pattern matched the
molecular results.?® From these results, we can
conclude that immunohistochemical analysis of
MTS-related skin tumors is an efficient and cost-
effective method of screening for MMR defects. It
is important to realize that a negative immuno-
histochemical analysis result does not exclude an
MMR defect because certain germline defects may
give rise to MMR proteins that are antigenically
recognizable but functionally deficient. In these
cases, only molecular germline analysis would
disclose the MMR gene defect.

Presentation of the MTS phenotype or the
identification of a solitary sebaceous neoplasm
should suggest a potential hereditary MMR muta-
tion. In theory, all patients with a sebaceous neo-
plasm should be screened for an MMR defect and
MTS. However, as previously mentioned, testing
for microsatellite instability and performing muta-
tional analysis on all patients would be impractical
and cost prohibitive. Immunohistochemical analy-
sis of neoplasms seems to be an extremely useful
and practical initial step in screening for hereditary
MMR mutations. If immunohistochemical analysis
suggests an MMR mutation, molecular genetic
analysis could then be performed. This would pro-
vide valuable information to the clinician and
enable efficient cancer surveillance along with spe-
cific genetic testing and counseling for the patient
and family members.

REFERENCES

1. Cohen PR, Kohn SR, Kurzrock R. Association of sebaceous
gland tumors and internal malignancy: the Muir-Torre syn-
drome. Am ] Med. 1991;90:606-613.

2. Muir EG, Bell AJY, Barlow KA. Multiple primary carci-
nomata of the colon, duodenum, and larynx associated
with kerato-acanthomata of the face. Br ] Surg.
1967;54:191-195.

3. Torre D. Society transactions: New York Dermatological
Society, Oct 24, 1967 (multiple sebaceous tumors). Arch
Dermatol. 1968;98:549-551.

154 CUTIS®

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Esche C, Kruse R, Lamberti C, et al. Muir-Torre syndrome:
clinical and molecular genetic analysis. Br ] Dermatol.
1997;136:913-917.

Fahmy A, Burgdorf WH, Schosser RH, et al. Muir-Torre
syndrome: report of a case and reevaluation of the der-
matopathologic features. Cancer. 1982;49:1898-1903.
Akhtar S, Oza K, Khan S, et al. Muir-Torre syndrome: case
report of a patient with concurrent jejunal and ureteral
cancer and a review of literature. ] Am Acad Dermatol.
1999;41:681-686.

Cohen PR, Kohn SR, Davis DA, et al. Muir-Torre syn-
drome. Dermatol Clin. 1995;13:79-89.

Schwartz RA, Torre DP. The Muir-Torre syndrome:
a 25-year retrospect. ] Am Acad Dermatol.
1995;33:90-104.

Abbott JJ, Hernandez-Rios P, Amirkhan RH, et al. Cystic
sebaceous neoplasms in Muir-Torre syndrome. Arch Pathol
Lab Med. 2003;127:614-617.

Rulon DB, Helwig EB. Cutaneous sebaceous neoplasms.
Cancer. 1974;33:82-102.

Bayer-Garner IB, Givens V, Smoller B. Immunohistochem-
ical staining for androgen receptors. a sensitive marker of
sebaceous  differentiation. Am ]  Dermatopathol.
1999;21:426-431.

Ansai S, Hashimoto H, Aoki T, et al. A histochemical and
immunohistochemical study of extra-ocular sebaceous car-
cinoma. Histopathology. 1993;22:127-133.

Rutten A, Burgdorf W, Hugel H, et al. Cystic sebaceous
tumors as marker lesions for the Muir-Torre syndrome:
a histopathologic and molecular genetic study. Am J
Dermatopathol. 1999;21:405-413.

Finan MC, Connolly SM. Sebaceous gland tumors and
systemic disease: a clinicopathologic analysis. Medicine
(Baltimore). 1984;63:232-242.

Kruse R, Ruzicka T. DNA mismatch repair and the signifi-
cance of a sebaceous skin tumor for visceral cancer preven-
tion. Trends Mol Med. 2004;10:136-141.

Zouboulis CC, Boschnakow A. Chronological ageing
and photoageing of the human sebaceous gland. Clin Exp
Dermatol. 2001;26:600-607.

Callahan EF, Appert DL, Roenigk RK, et al. Sebaceous car-
cinoma of the eyelid: a review of 14 cases. Dermatol Surg.
2004;30:1164-1168.

Graefe T, Wollina U, Schulz H, et al. Muir-Torre
syndrome—treatment with isotretinoin and interferon
alpha-2a can prevent tumour development. Dermatology.
2000;200:331-333.

Kruse R, Rutten A, Lamberti C, et al. Muir-Torre pheno-
type has a frequency of DNA mismatch-repair-gene muta-
tion similar to that in hereditary nonpolyposis colorectal
cancer families defined by the Amsterdam Criteria. Am ]
Hum Genet. 1998;63:63-70.

Chung DC, Rustgi AK. The hereditary nonpolyposis
colorectal cancer syndrome: genetics and clinical impli-
cations. Ann Intern Med. 2003;138:560-570.



Muir-Torre Syndrome

21. Narayan S, Roy D. Role of APC and DNA mismatch repair putative hereditary non-polyposis colorectal cancer syn-
genes in the development of colorectal cancers [review]. drome. Hum Mol Genet. 2002;11:1303-1310.
Mol Cancer. 2003;2:41. 26. Kruse R, Rutten A, Schweiger N, et al. Frequency of
22. Kruse R, Rutten A, Hosseiny-Malayeri HR, et al. “Second microsatellite instability in unselected sebaceous gland
hit” in sebaceous tumors from Muir-Torre patients with neoplasias and hyperplasias. J Invest Dermatol.
germline mutations in MSH2: allele loss is not the pre- 2003;120:858-864.
ferred mode of inactivation. J Inwest Dermatol.  27. Popnikolov N, Gatalica Z, Colome-Grimmer MI, et al.
2001;116:463-465. Loss of mismatch repair proteins in sebaceous gland tumors.
23. Machin P, Catasus L, Pons C, et al. Microsatellite instabil- J Cutan Pathol. 2003;30:178-184.
ity and immunostaining for MSH2 and MLHI1 in cuta-  28. Mathiak M, Rutten A, Mangold E, et al. Loss of DNA
neous and internal tumors from patients with the mismatch repair proteins in skin tumors from patients
Muir-Torre syndrome. ] Cutan Pathol. 2002;29:415-420. with Muir-Torre syndrome and MSH2 or MLHI
24. Entius MM, Keller ]], Drillenburg P, et al. Microsatellite germline mutations: establishment of immunohisto-
instability and expression of hAMLH1 and hMSH2 in seba- chemical analysis as a screening test. Am ] Surg Pathol.
ceous gland carcinomas as markers for Muir-Torre syn- 2002;26:338-343.
drome. Clin Cancer Res. 2000;6:1784-1789. 29. Curry ML, Eng W, Lund K, et al. Muir-Torre syn-
25. Kariola R, Raevaara TE, Lonnqvist KE, et al. Functional drome: role of the dermatopathologist in diagnosis.
analysis of MSH6 mutations linked to kindreds with Am ] Dermatopathol. 2004;26:217-221.
DISCLAIMER

The opinions expressed herein are those of the authors and do not necessarily represent the views of the sponsor or its publisher. Please review complete prescribing
information of specific drugs or combination of drugs, including indications, contraindications, warnings, and adverse effects before administering pharmacologic

therapy to patients.

FACULTY DISCLOSURE

The Faculty Disclosure Policy of the Albert Einstein College of Medicine requires that faculty participating in a CME activity disclose to the audience any relationship with
a pharmaceutical or equipment company that might pose a potential, apparent, or real conflict of interest with regard to their contribution to the activity. Any discussions
of unlabeled or investigational use of any commercial product or device not yet approved by the US Food and Drug Administration must be disclosed.

VOLUME 75, MARCH 2005 155



