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Abstract Multiple endocrine neoplasia type 2A (MEN2A)

may be rarely associated with cutaneous lichen amyloidosis

(CLA), a skin lesion located in the interescapular region.

Here, we describe 3 MEN2A-related CLA kindred and per-

form a systematic review (SR) of the literature on clinical,

biochemical and molecular characteristics of MEN2A-re-

lated CLA patients. Thirty-eight patients with MEN2A-re-

lated CLA followed at our institution were evaluated. The

median age at MEN2A diagnosis in our cohort was 25

(13–41) years, 68 % were women and all harbored codon

634 RET mutations. The literature search resulted in 20

publications that contributed with 25 MEN2A families and

214 individuals. The mean age of MEN2A diagnosis was

31 ± 17 years, with 77 % women. The mean age reported

by patients to initial skin lesion suggestive to CLA was

20 ± 13 years. All but two kindred harbored mutations at

codon 634: C634R 7 kindred (35 %), C634Y 5 kindred

(25 %), C634W 3 kindred (15 %), C634G 1 kindred (5 %),

V804M 1 kindred (5 %) and S891A 1 kindred (5 %). Most

interesting, the standardized CLA prevalence was higher in

women (2.3/1.0, P\ 0.005). The overall reported preva-

lence of medullary thyroid carcinoma, CLA, pheochromo-

cytoma and hyperparathyroidism was 94, 51, 30 and 16 %,

respectively. SR of literature indicates that MEN2A-related

CLA is more frequent in women and presents a high pene-

trance, being the second most frequent manifestation of the

syndrome, preceded only by MTC.

Keywords Multiple endocrine neopasia type 2 �
MEN2A � Cutaneous lichen amyloidosis � Systematic

review � Meta-analysis

Introduction

Medullary thyroid carcinoma (MTC) is a rare calcitonin-

producing tumor of the parafollicular or C cells of the

thyroid gland. It accounts for 4 % of all thyroid cancers

and may occur sporadically or as a manifestation of an

autosomal-dominant inherited syndrome, multiple endo-

crine neoplasia type 2 (MEN2) [1].

The MEN2 syndrome includes two clinically distinct

forms: MEN type 2A (MEN2A) and MEN type 2B

(MEN2B). MEN2A accounts for over 95 % of MEN2 cases

and includes classical MEN2A, familial MTC (FMTC),

MEN2A with CLA, and MEN2A with Hirschsprung’s dis-

ease (HD) [2]. Classical MEN2A is characterized by pres-

ence of MTC in 95 % of cases, unilateral or bilateral PHEO

in 30–50 %, and primary hyperparathyroidism (HPT) in

20–30 %. In patients with FMTC, only the thyroid is affec-

ted. MEN2B syndrome presents a specific phenotype that

includes/encompasses MTC, PHEO, ganglioneuromas of the

digestive tract, mucosal neuromas, and/or skeletal abnor-

malities. MTC is the first neoplasic manifestation in the vast

majority of MEN2 patients [3, 4]. Germline mutations in the

RET (REarranged during Transfection) proto-oncogene,

which result in a constitutive activation of the transmem-

brane tyrosine kinase receptor, are responsible for MEN2
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phenotype [5]. The most frequent RET mutations in MEN2A

occur in codons 609, 611, 618, or 620 (exon 10) or codon 634

(exon 11) [2, 6, 7]. Currently, the molecular testing for the

RET proto-oncogene has become widely available and

composes the basis for MTC screening strategies [8–10].

MEN2A is rarely associated with cutaneous lichen

amyloidosis (CLA), a rare skin condition usually located in

the interescapular region or on the extensor surfaces of the

extremities, and described as pruritic, scaly, papular, and

pigmented [11–13]. The CLA is characterized by deposits

of amorphous amyloid-like material immediately beneath

and in contiguity with the dermoepidermal junction. The

amyloids are the result of filamentous degeneration of cells.

In the cutaneous amyloidosis, the keratinocytes degenerate

and/or show apoptosis. Large areas of filamentous degen-

eration continuously connected to dermal islands of amy-

loid have been observed, displaying the point of cascade

like steps at molecular level resulting in amyloid formation

and deposition. The pruritus improves with sun exposure

and worsens during periods of stress. The cutaneous

manifestations are the consequence of repeated scratching

of the pruritic zone. This causes epidermal hyperplasia,

pigmentation and damages the keratinocytes which then

undergo apoptosis. The residues derived from cell damage

are deposited in the upper dermis as amyloid. CLA

hereditary forms are a rare autosomal dominant diseases, a

sporadic variety of this lesion is more frequently observed

[14–16]. Interestingly, MEN2A-related CLA and familial

CLA seem to be distinct diseases. The reason why only a

small percentage of MEN2A kindred develop this mani-

festation is still unknown.

Despite the fact that the association of CLA with

MEN2A has long been established, a comprehensive clin-

ical and oncologic characterization of the MEN2A-related

CLA kindred has not yet been done. Thus, the aim of this

study is to describe 3 kindred with MEN2A syndrome, and

to perform a systematic literature review (SR) of clinical,

biochemical and molecular features about the MEN2A-

related CLA.

Materials and methods

Our cohort

Patients

From a cohort of MTC patients attending the Thyroid Out-

patient Clinic of the Endocrine Division of Hospital de

Clı́nicas de Porto Alegre (HCPA), a tertiary care, university-

teaching hospital in southern Brazil, a large family and 2

other kindred with MEN2A-related CLA were selected for

this study.

All patients with MEN2A underwent a complete clinical

examination and laboratorial evaluation following the

current MTC guidelines [4, 9]. The data collected for each

individual included the clinical and oncological features of

family members (association of other endocrine neo-

plasias), the type of RET mutations, and information on

atypical features noted, such as HD or CLA. The family

relatives of each index cases were evaluated by screening

of RET mutation.

Total thyroidectomy was performed in all patients with

varying cervical neck dissection procedures. The diagnosis

of lymph node metastases was based on histological

examination. Patients with suspicious distant metastases

(i.e. the presence of local metastases and/or serum calci-

tonin [150 pg/ml) underwent imaging exams [cervical,

thoracic and abdomen CT (or liver magnetic resonance

imaging), and bone scintigraphy]. Patients with unde-

tectable calcitonin levels were considered free of disease.

Patients with PHEO or HPT underwent specific surgery.

Tumor staging was performed according to the current

International Union against Cancer TNM classification

[17].

Laboratory tests were performed at baseline and every

3–6 months thereafter. Levels of basal calcitonin [Until

December 2003, Calcitonin IRMA-DSL7700, Diagnostic

Systems Laboratories, Inc., Webster, TX, USA, reference

range \10 pg/ml and, after January 2004, Immulite 2000,

Diagnostic Products Corporation, Los Angeles, CA, USA;

reference value (RV) male \12.0 pg/ml and female

\6.0 pg/ml], plasma parathyroid hormone (PTH; Immulite

2000 Intact PTH, Diagnostic Products), urinary fraction-

ated metanephrines (HPLC). Whenever indicated, diag-

nostic imaging investigation [cervical ultrasonography,

thorax and abdominal computed tomography (CT)] was

performed. Selected patients were submitted to whole-body

metaiodobenzylguanidine scintigraphy to rule out PHEO

and/or distant metastases.

This study has been approved by the institutional Ethics

Committee and all patients and/or their legal guardians had

given written consent.

Genetic screening analysis

Genomic DNA was prepared from peripheral blood leuko-

cytes by standard procedures. RET exons 8, 11, 13, 14, 15 and

16 were analyzed. Oligonucleotide primers for amplification

of different RET exons were as following: 8(50AGCTGGTG

CTGTTCCCTGTCC30/50CCACCGGTGCCATCGCCCCT30)
10(50TTGCGACACCAGTTGGGGAG30/50CAGCAATTTC

CTCCCTTGTTG30), 11(50GAGCCATGAGGCAGAGCAT

A30/50CCCTCACCAGGATCTTGAAGG30), 13(50TGAACT

TGGGCAAGGCGATG30/50GGGAGAACAGGGCTGTAT

GGAG30), 14(50AAGACCCAAGCTGCCTGAC30/50GCTG
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GGTGCAGAGCCATAT30), 15(50CTCTGCTGGTCACAC

CAGGC30/50GGTATCTTTCCTAGGCTTCCC30) and 16(50

AGGGATAGGGCCTGGG*CTTC30/50TAACCTCCACCC

CAAGAGAG30). PCRs were run in a final volume of 50ul,

using 300–500 ng of genomic DNA, 1.5 mM MgCl2,

0.2 mM dNTPs, 0.2 mM of each primer, and 2.5U Platinum

Taq DNA Polymerase (Ludwig Biotec, Porto Alegre, RS,

Brazil). Genomic DNA was denatured for 5 min at 94 �C
before 35 cycles at 94 �C 30 s, 60 �C 30 s, and 72 �C 30 s,

followed by a 5 min 72 �C step in a programmable thermal

controller (MJ Research, Inc., Waltham, MA).

For sequencing, PCR products were purified using the

GFX PCR DNA purification kit (GE Healthcare, Buck-

inghamshire, UK), and submitted to direct sequencing

using the Big DyeTM Terminator Cycle Sequencing Ready

Reaction Kit (Applied Biosystems, Foster City, CA,

USA).

Pedigrees analysis

The families pedigrees design on the version 8 of Pro-

geny� (1996–2013 Progeny Software LLC, Delray Beach,

Florida, USA), a Genetic Pedigree Software.

Dermatopathological study and pathological examination

Biopsy specimens were obtained from the cutaneous

lesions of some patients presenting skin abnormalities

suggestive of CLA. The biopsy material was fixed in 10 %

formalin and stained with hematoxylin and eosin, crystal

violet, and congo red and then observed in light micro-

scopy by a pathologist.

Immunohistochemistry analysis

Immunohistochemistry analysis (IHC) was performed on

thin sections. (3 lm) of previously formalin-fixed and

paraffin-embedded tissues. The antibodies used were

polyclonal rabbit anti-human calcitonin (229A-16,

CellMarque, Rocklin, CA, USA) and monoclonal rabbit

anti-human RET (ab134100; Abcam Inc., Cambridge, MA,

USA), Sections representing CLA were submitted to rou-

tine immunohistochemical technique, which comprises

deparaffination and rehydration, antigenic recovery, inac-

tivation of endogenous peroxidase, and blockage of

unspecific reactions. Primary antibodies were incubated

overnight at a temperature of 4 �C, at dilutions of 1:400

followed by application of streptavidin horseradish perox-

idase conjugate (LSAB; DakoCytomation, Via Real

Carpinteria, CA, USA), and diaminobenzidine tetrahy-

drochloride (Kit DAB; DakoCytomation). Absence of the

primary antibody was used as a negative control.

Statistical analysis

Results are expressed as frequencies, mean ± SD, median

(IQ 25–75) unless otherwise specified. Baseline charac-

teristics were compared using x2 tests or Fisher’s exact test

for qualitative variables. Quantitative variables were

compared between groups using Student’s t test or Mann–

Whitney tests. Hardy–Weinberg equilibrium for each

polymorphism was assessed by x2 tests.

Systematic literature review

We performed a SR about MEN2A-related CLA. Relevant

articles were identified by searching the electronic databases

EMBASE and MEDLINE, in June 2015, using the search

terms ‘‘Amyloidosis, Familial Cutaneous Lichen’’ AND

‘‘Multiple Endocrine Neoplasia Type 2A’’, with no addi-

tional filters. The reference list of all identified articles was

searched for additional studies on the subject. Study eligi-

bility was double assessed by Scapineli JO and Dora JM,

with all data abstracted in a standardized abstraction form.

Results

Patients

From a cohort of 337 MTC patients followed at our insti-

tution, 179 (40 kindred) have the hereditary form of disease

(MEN2). Out of them, 3 kindred have MEN2A-related

CLA. The clinical and biochemical features of the 38

patients of the 3 affected kindred with MEN2A-related

CLA are summarized in Table 1. The mean age at MEN2A

diagnosis was 25 (13–41) years, 68 % (26/38) were women

and all patients had codon 634 RET mutations [1 family

C634Y (33 %) with 30 patients (78.9 %); 1 family C634W

(33 %) with 6 patients (15.8 %); 1 family C634R (33 %)

with 2 patients (5.3 %)]. CLA was found in 50 % (18/36)

of the patients. Information was missing for 2 individuals.

The overall reported prevalence of PHEO and HPT was

31 and 19 %, respectively. The median basal pre-operative

levels of serum calcitonin and CEA were 251 pg/ml

(35–1113) and 6.0 ng/ml (1.8–44.6), respectively. The

median tumor size was 1.0 cm (1.0–2.8). Twelve patients

(36 %) presented lymph node and 3 (9 %) distant metas-

tases at diagnosis. The median follow-up period was

10 years (9–11). The pedigrees of these families are briefly

described below and shown in Fig. 1.

Family 1A

Patients developed MTC, 6 PHEO (II-5, III-3, III-10, III-16,

III-22 and IV-20) and 6 HPT (II-9, III-9, III-16, III-21, IV-1
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Table 1 Clinical and

biochemical features of 3

families with MEN2A-related

CLA followed at out Institution

Total CLA- CLA? P

Total patients [n (%)] 38a (100) 18 (50) 18 (50) –

Female [n (%)] 26 (68) 12 (67) 13 (72) 0.71

Age at MTC diagnosis (years) 25 (13–41)b 16 (12–36)b 31 (14–43)b 0.20

Age at CLA diagnosis (years) – – 14 (10–25)b –

Serum calcitonin (pg/ml) 251 (35–1113)a 118 (31–491)b 930 (35–2215)b 0.12

Serum CEA (ng/ml) 6.0 (1.8–44.6)b 4.4 (2.2–32.9)b 13.2 (1.2–102.8)b 0.83

Pheochromocytoma [n (%)] 11 (31) 4 (24) 7 (39) 0.33

Hyperparathyroidism [n (%)] 6 (19) 2 (14) 4 (24) 0.66

Tumor size (cm) 1.0 (1.0–2.8)b 1.0 (1.0–2.0)b 1.7 (1.0–3.0)b 0.38

Lymph node metastases [n (%)] 12 (36) 4 (27) 7 (41) 0.39

Distant metastases [n (%)] 3 (9) 0 (0) 2 (12) 0.48

Disease free [n (%)] 22 (58) 11 (50) 11 (50) 1.00

a Two patients were not evaluated for the presence of CLA
b Data expressed as median (IQ 25–75)

Fig. 1 A1–A3 Family pedigree charts. Squares denote men and

circles denote women. Open symbols show unaffected subjects.

Slashes indicate deceased subjects. The arrow indicates the index

case. MTC medullary thyroid carcinoma, PHEO pheochromocytoma,

CLA cutaneous lichen amyloidosis, HPT hyperparathyroidism

628 J. O. Scapineli et al.
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and IV-20). CLA was present in 14 individuals (50 %).

Follow-up data of 2 patients (I-4 and II-4) are missing.

Family 2A

Five patients had MTC while one gene carrier presented C

cell hyperplasia (IV-1). Two patients presented PHEO (III-

5 and III-7) and none HPT. CLA was present in 2 patients

of this family (III-5 and III-7).

Family 3A

Two patients developed MTC and CLA (II-2 and III-1) and

one of them also developed PHEO (III-1).

There was no significant differences between patients

with or without CLA, regarding the tumor size [1.7

(1.0–3.0) vs 1.0 (1.0–2.0), P = 0.38], presence of lymph

node [7 (41 %) vs 4 (27 %), P = 0.39] or distant metastases

[2 (12 %) vs 0 (0 %), P = 0.48] and basal calcitonin levels

[930 (35–2215) vs 118 (31–491), P = 0.12] (Table 1).

The frequency of CLA was 50 % (13/26) in women and

41.6 % (5/12) in men, resulting in a standardized CLA

prevalence in women/men (1.2/1.0, P = 0.87).

There were no differences in the frequency of most

common RET polymorphisms: G691S/S904S [4 (66.7 %)

vs. 2 (33.3 %), P = 0.83], L769L [6 (54.5 %) vs. 5

(45.5 %), P = 1.00] and S836S [2 (66.7 %) vs. 1 (33.3 %),

P = 1.00] in patients with or without CLA, respectively.

CLA manifestations

All patients had clinical and physical examination to CLA.

Eighteen subjects who presented with physical signs

compatible with CLA (pruritic and maculopapular skin

lesion, either unilaterally or bilaterally) were considered as

presenting clinical disease. Interestingly, all but 3 patients

(15/18, 83 %) already presented the CLA lesion at MEN2A

diagnosis. CLA was observed at the interescapular region,

with pruritus being the initial manifestation, usually

appearing 11 ± 10 years before the diagnostic of the first

neoplasia.

Eight patients with CLA clinical manifestations under-

went skin biopsy. The diagnosis was confirmed in all of

them. The histologic pattern demonstrated characteristic

features of the disorder, including mild acanthosis, hyper-

keratosis and hyperpigmentation of basal keratinocytes,

elongation of the rete ridges. There were amorphous

material eosinophilic deposits within the superficial papil-

lary dermis, immediately beneath the dermal–epidermal

junction, and numerous scattered melanophages. The exam

also revealed small globular deposits of amyloid in the

papillary dermis (Fig. 2). Immunohistochemical analysis

showed no expression of RET or calcitonin in the CLA

tissue (results not shown).

Systematic literature review

All publications about MEN2A with patient data on RET

proto-oncogene mutation and CLA were considered for

inclusion. All data were independently abstracted in

duplicate, using a standardized abstraction form.

A total of 31 potentially relevant articles were retrieved

from MEDLINE and EMBASE databases. Seven refer-

ences were duplicates. Thus, 24 articles were identified

using our search strategy. Nine articles were excluded

because lack of data (clinical, biochemical and molecular

Fig. 2 Light microscopy of a cutaneous lesion biopsy. a First skin

biopsy 9100 magnification portrays light hyperkeratosis, acanthosis

and hyperpigmentation of basal keratinocytes, elongation of the rete

ridges. Within the superficial papillary dermis, immediately beneath

the dermal–epidermal junction, there were amorphous material

eosinophilic deposits. There were also numerous scattered melano-

phages. b Second biopsy 9200 magnification, stained with hema-

toxylin and eosin, revealing small globular deposits of amyloid in the

papillary dermis (arrow)

MEN 2A-related cutaneous lichen amyloidosis: report of three kindred and systematic literature… 629

123



characteristics) on MEN2A-related CLA. Five additional

articles were identified by review of references, resulting in

20 papers that contributed to our SR (Fig. 3).

The SR comprised data of 214 MEN2A patients, 108

(51 %) with skin manifestations characteristics of CLA.

The mean age at MEN2A diagnosis was 31 ± 17 years and

77 % (55/71) were women. The mean age reported by

patients to initial skin lesion suggestive to CLA was

20 ± 13 years. The frequency of CLA was higher in

women than in men [51 % (51/100) vs. 22 % (14/64)], with

a standardized CLA prevalence in women/men of 2.3/1.0

(P\ 0.005; Table 2).

All but 2 kindred harbored mutations at codon 634 (23

out of 25; 92 %): C634R 7 (35 %), C634Y 5 (25 %),

C634W 3 (15 %), C634G 1 (5 %). The information about

the amino acid substitutions at codon 634 was missing for 2

kindred. One kindred harbor the V804 M RET mutation

and other the S891A mutation. CLA was the second most

frequent manifestation of the syndrome (51 %), preceded

only by MTC (94 %). PHEO and HPT were diagnosed in

30 and 16 % of the MEN2A patients, respectively.

Interestingly, patients with MEN2A-related CLA were

older [34 (20–47) vs 23 (13–40); P = 0.024] and have

higher basal preoperative serum calcitonin levels [883

(43–1723) vs 58 (28–438); P = 0.032] as compared to

those without CLA, respectively. The analysis of disease

status was precluded because data about metastatic disease

was missing in the majority of the studies.

Discussion and conclusion

In this study we present a comprehensive clinical, bio-

chemical and molecular characterization of the MEN2A-

related CLA and a systematic literature review comprising

25 MEN2A families and 108 CLA individuals.

Lichen amyloidosis is the most common form of pri-

mary localized cutaneous amyloidosis. It is a cutaneous

type of amyloidosis that is not associated with systemic

amyloidosis but may be associated with other systemic

conditions such as systemic lupus erythromatosis, Sjög-

ren’s Syndrome, dermatomyositis, primary biliary cirrho-

sis and scleroderma [18]. Although LCA is sporadic in

the vast majority of cases, some individuals do show

evidence for genetic susceptibility and up to 10 % of

individuals may have an autosomal dominant family

history [19].

MEN2A-related CLA was first described by Gagel et al.

[11]. The distribution of the skin lesions in all reported

cases of MEN2A-related CLA was restricted to the

interescapular area and pruritus can pre-date the develop-

ment of MTC in years, usually during childhood [11, 20,

21]. In MEN2A-related CLA, amyloid deposition sec-

ondary to repeated scratching triggers the inflammatory

response—a phenomenon not related to calcitonin deposi-

tion. This results in epidermal hyperplasia, pigmentation

and damages the keratinocytes which then undergo apop-

tosis. The residues derived from cell damage are deposited

in the upper dermis as amyloid. The rash occurs in the area

of repeated scratching and is located in the upper back at

either or both interscapular regions. MEN2A-related CLA

is a phenotypic marker for members of the MEN 2A

families. Symptomatic patients may be treated with topical

Capsaicin 0.025 %, an agent known to release neuropep-

tides from C-fibres and prevent their deposition. Some

patients refer amelioration of itching during treatment, but

the symptoms usually return after cessation of therapy [22].

In our cohort, 83 % (15/18) of the patients already pre-

sented the CLA lesion at MTC diagnosis, with pruritus

being the initial manifestation, present in an average of

11 years before MEN2A diagnosis. The overall prevalence

of MTC, CLA, PHEO and HPT in our population was 97,

50, 31 and 19 %, respectively. Similarly, data from our SR

displayed prevalence for MTC, CLA, PHEO, and HPT of

94, 51, 30, and 16 %, respectively.

The MEN2A-related occurs almost exclusively in

patients with C634 RET mutation, it has been estimated

that more than 30 % of patients with C634 mutation will

develop CLA during their lifetime [23]. In our cohort, all

31 articles retrieved from 
EMBASE and 

MEDLINE for review 

15 articles selected for 
inclusion in the 

systematic review 

16 articles excluded 
09 did not meet inclusion criteria 
07 duplicates 

Bibliographic reference search of 
the selected articles identified 05 
additional eligible articles 

20 articles included in 
the systematic review 

Fig. 3 Eletronic databases MEDLINE (Pubmed) and EMBASE

search, using the terms: ‘‘Amyloidosis, Familial Cutaneous Lichen’’

AND ‘‘Multiple Endocrine Neoplasia Type 2A’’

630 J. O. Scapineli et al.

123



T
a

b
le

2
S

y
st

em
at

ic
li

te
ra

tu
re

re
v

ie
w

ab
o

u
t

M
E

N
2

A
-r

el
at

ed
C

L
A

k
in

d
re

d

S
tu

d
ie

s
d

at
a

A
ff

ec
te

d

M
E

N
2

A
(n

)

K
in

d
re

d
s

(n
)

R
E
T

m
u

ta
ti

o
n

(n
)

C
L

A
?

[n
(%

)]

S
ex

C
L

A
?

M
:F

(F
%

)

A
g

e
at

M
E

N
2

A

d
ia

g
n

o
si

s
(y

ea
rs

)a
A

g
e

at
C

L
A

d
ia

g
n

o
si

s
(y

ea
rs

)a
M

T
C

[n
(%

)]

P
H

E
O

[n
(%

)]

H
P

T

[n
(%

)]

S
ca

p
in

el
i

et
al

.
3

8
c

3
1

(C
6

3
4

Y
);

1
(C

6
3

4
R

);

1
(C

6
3

4
W

)

1
8

(5
0

)
5

:1
3

(7
2

)
2

7
±

1
8

/

2
5

(1
3

–
4

1
)

1
9
±

1
0

d
3

7
(9

7
)

1
1

(3
1

)
6

(1
9

)

Q
i

et
al

.
[2

5
]

6
1

S
8

9
1

A
an

d
/o

r
G

5
1

3
D

3
(5

0
)

2
:1

(3
3

)
4

0
±

2
2

2
9
±

2
3

(5
0

)
0

0

B
ir

la
et

al
.

[3
3
]

5
1

C
6

3
4

R
1

(2
0

)
0

:1
(1

0
0

)
3

4
2

5
3

(6
0

)
3

(6
0

)
0

(0
)

S
in

g
h

et
al

.
[2

3
]

1
1

6
3

4
1

(1
0

0
)

0
:1

(1
0

0
)

5
1

3
6

1
(1

0
0

)
1

(1
0

0
)

0
(0

)

R
o

th
b

er
g

et
al

.
[2

4
]

3
1

V
8

0
4

M
1

(3
3

)
0

:1
(1

0
0

)
5

1
±

1
0

4
3

3
(1

0
0

)
–

–

G
u

ll
u

et
al

.
[1

6
]

1
1

C
6

3
4

Y
1

(1
0

0
)

0
:1

(1
0

0
)

3
4

3
4

1
(1

0
0

)
1

(1
0

0
)

0
(0

)

A
b

d
u

ll
ah

et
al

.
[3

4
]

4
1

6
3

4
3

(7
5

)
0

:3
(1

0
0

)
3

1
±

1
4

3
1
±

1
4

4
(1

0
0

)
N

A
N

A

L
em

o
s

et
al

.
[1

5
]

5
1

C
6

3
4

W
4

(8
0

)
1

:3
(7

5
)

3
3
±

2
1

4
0
±

1
6

5
(1

0
0

)
2

(4
0

)
2

(4
0

)

V
er

g
a

et
al

.
[2

1
]

2
6

3
1

(C
6

3
4

Y
);

2
(C

6
3

4
R

)
9

(3
5

)
3

:6
(6

7
)

3
7
±

1
8

3
6
±

1
9

2
5

(9
6

)
6

(2
3

)
1

0
(3

9
)

V
ie

ir
a

et
al

.
[3

5
]

1
1

C
6

3
4

R
1

(1
0

0
)

0
:1

(1
0

0
)

2
1

2
1

1
(1

0
0

)
1

(1
0

0
)

1
(1

0
0

)

K
ar

g
a

et
al

.
[3

6
]

2
1

C
6

3
4

Y
1

(5
0

)
1

:0
(0

)
1

8
±

1
0

2
4

2
(1

0
0

)
1

(5
0

)
0

(0
)

S
er

i
et

al
.

[3
0
]

2
1

C
6

3
4

G
2

(1
0

0
)

0
:2

(1
0

0
)

4
9
±

7
4

9
±

7
2

(1
0

0
)

1
(5

0
)

N
A

H
o

fs
tr

a
et

al
.

[3
1
]

2
2

2
2

(C
6

3
4

R
)

6
(2

7
)

1
:5

(8
3

)
N

A
N

A
N

A
N

A
N

A

C
ec

ch
er

in
i

et
al

.
[3

7
]b

1
0

1
C

6
3

4
Y

4
(4

0
)

0
:4

(1
0

0
)

–
–

–
–

–

P
ac

in
i

et
al

.
[2

0
]

1
1

1
N

A
4

(3
6

)
0

:4
(1

0
0

)
N

A
N

A
N

A
N

A
N

A

R
o

b
in

so
n

et
al

.
[2

6
]b

4
4

–
–

3
1

(7
0

)
–

–
–

–
–

–

F
er

re
r

et
al

.
[1

4
]

7
1

C
6

3
4

W
5

(7
1

)
2

:3
(6

0
)

1
9
±

1
0

1
6
±

7
7

(1
0

0
)

0
(0

)
0

(0
)

K
o

u
ss

ef
f

et
al

.
[1

2
]

6
1

N
A

2
(3

3
)

0
:2

(1
0

0
)

2
0
±

7
1

7
±

2
6

(1
0

0
)

5
(8

3
)

0
(0

)

N
u

n
zi

at
a

et
al

.
[3

8
]

1
0

1
N

A
5

(5
0

)
1

:4
(8

0
)

3
8
±

1
5

7
±

2
1

0
(1

0
0

)
3

(3
0

)
N

A

D
o

n
o

v
an

et
al

.
[3

9
]b

5
1

–
3

(6
0

)
–

–
–

–
–

–

G
ag

el
et

al
.

[1
1

]
5

1
N

A
3

(6
0

)
0

:3
(1

0
0

)
3

4
±

9
1

9
±

1
5

(1
0

0
)

1
(2

0
)

N
A

T
o

ta
l

2
1

4
2

5
–

1
0

8
(5

1
)

1
6

:5
5

(7
7

)
3

1
±

1
7

2
0
±

1
3

1
1

5
(9

4
)

3
6

(3
0

)
1

9
(1

6
)

N
A

n
o

t
av

ai
la

b
le

,
C
L
A

L
ic

h
en

am
y

lo
id

o
si

s
cu

ta
n

eo
u

s,
?

p
o

si
ti

v
e,

n
n

u
m

b
er

o
f

k
in

d
re

d
s/

af
fe

ct
ed

p
at

ie
n

ts
w

it
h

M
E

N
2

A
,
F

fe
m

al
e,

M
m

al
e,

M
T
C

m
ed

u
ll

ar
y

th
y

ro
id

ca
rc

in
o

m
a,

P
H
E
O

p
h

eo
ch

ro
m

o
cy

to
m

a,
H
P
T

h
y

p
er

p
ar

at
h

y
ro

id
is

m
a

D
at

a
ex

p
re

ss
ed

as
m

ea
n

an
d

S
td

.
D

ev
ia

ti
o

n
b

D
at

a
o

f
ab

st
ra

ct
o

n
ly

c
T

w
o

p
at

ie
n

ts
lo

st
fo

r
fo

ll
o

w
u

p
an

d
w

er
e

n
o

t
ev

al
u

at
ed

fo
r

th
e

p
re

se
n

ce
o

f
C

L
A

d
A

g
e

re
p

o
rt

ed
b

y
p

at
ie

n
ts

to
in

it
ia

l
sk

in
le

si
o

n
su

g
g

es
ti

v
e

to
C

L
A

MEN 2A-related cutaneous lichen amyloidosis: report of three kindred and systematic literature… 631

123



cases of MEN2A-related CLA harbor RET mutations at

codon 634. In accordance, the SR shows that the most

common mutations in MEN2A-related CLA occur in codon

634, with the C634R mutation being the most prevalent (7

kindred, 35 %). Rothberg et al. [24] reported a patient with

CLA not associated with mutation in codon 634. This case

report a single patient with a novel genotype–phenotype

relationship involved V804M mutation and MEN2A-re-

lated CLA. Recently, Qi et al. [25] reported a kindred (3

patients) with MEN2A-related CLA associated to S891A/

G513D mutations.

The genetic basis for MEN2A-related CLA remains

obscure as well as the reason why just only a small per-

centage of kindred develop this manifestation. It has been

suggested that the primary cause is neurogenic and the skin

lesions are a secondary phenomenon due to chronic pru-

ritus and repeated scratching [20, 26]. The mechanism by

which these mutations induce CLA may be related to and

effect in the peripheral nervous system development, since

the RET gene is expressed in this tissue during embryo-

genesis [15]. Gagel et al. [11] proposed that the lack of a

demonstrable skin lesion in some kindred of MEN2A could

be explained by a delayed onset of the skin lesion or

incomplete penetrance. However, post embryogenesis,

RET expression has been demonstrated in cells derived

from the neural crest: thyroid parafollicular cells,

parathyroid cells, chromaffin cells of the adrenal medulla

and enteric autonomic plexus. [27]. Of interest, different

activated sites of the RET can trigger several signaling

pathways (RAS/MEK/ERK and PI3K/AKT/mTOR) that

regulate cell survival, differentiation, proliferation, and

chemotaxis in thyroid carcinoma [28, 29]. The fact of the

majority of patients with MEN2A-related CLA have

mutations at codon 634 suggests an involvement of this

specific cysteine residue in both disorders, which may

imply the possibility of additional mechanisms in the

pathogenesis of the MEN2A-related CLA syndrome [30].

Another explanation could be the interaction of apparently

benign polymorphism and a mutation in the disease caus-

ing gene modifying disease phenotype. However, extensive

search for co-segregation of several common synonymous

nucleotide changes in the RET gene sequence with

MEN2A-related CLA phenotype has failed to demonstrate

this association [16, 31].

In our population, no differences between patients with

or without CLA were found in the frequency of RET

G691S/S904S, L769L and S836S polymorphisms. Indeed,

the possible association between LCA and the RET gene

was previously addressed by genetic linkage studies

focused on the RET locus on chromosome 10, but no

linkage was demonstrated in Chinese kindred [32]. Further

evaluations by genome wide association studies (GWAS)

might help clarify this intriguing disorder.

One interesting and unexpected finding of this study was

the higher prevalence of MEN2A-related CLA in women.

In the SR we show that the frequency of CLA was 77 % in

women contrasting with only 23 % in men, resulting in a

standardized CLA prevalence of 2.3/1.0 in women/men

(P\ 0.005). To date, we found no explanation for this

intriguing observation.

In summary, we show that all but two reported cases of

MEN2A-related CLA harbored RET codon 634 mutations.

Moreover, MEN2A-related CLA presents a high pene-

trance, being the second most frequent manifestation of the

syndrome, preceded only by MTC. These observations

indicate that CLA could be an early marker of MEN2A,

especially in women, and that clinicians should be aware of

this finding, particularly in patients with thyroid nodules or

family history of thyroid carcinoma.
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