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Abstract Hereditary Leiomyomatosis and Renal Cell Car-
cinoma (HLRCC) is a hereditary condition which typically
presents with cutaneous and uterine leiomyomata. Papillary
type Il renal cell carcinoma and other less common histologic
subtypes of renal cancer have been reported in HLRCC. We
describe the case of a 31-year-old man in which the pathology
review of his renal carcinoma and a positive family history of
renal carcinoma allowed for the identification of a pathogenic
mutation in the FH gene (c.698G>A;p.R233H) confirming the
diagnosis of HLRCC. Recognition of this syndrome allowed
for appropriate surveillance as well as identification of at-risk
family members. Pathology review is essential for accurate
diagnosis of a hereditary cancer syndrome in the setting of
familial renal cancer.
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Introduction

Hereditary Leiomyomatosis and Renal Cell Carcinoma,
HLRCC, (MIM: 150800) is an autosomal dominant con-
dition which predisposes to the development of cutaneous
and uterine leiomyomas and early-onset renal cell carci-
noma [1]. The condition was described in its first reports as
Multiple Cutaneous and Uterine Leiomyomata, MCUL
(MIM: 150800) [2-4]. Despite the fact that the original
patient described by Reed et al. [2] had a personal history
of renal cancer diagnosed at age 20, it was only later that
the association between leiomyomata and renal cancer was
established [5]. HLRCC is caused by germline mutations in
the fumarate hydratase (FH) gene [1].

Cutaneous leiomyomata are often the primary present-
ing clinical feature with over 80% of individuals with
HLRCC developing these tumors [6, 7]. Uterine leiomyo-
mata, while common in the general population, develop
earlier in women with HLRCC and tend to be larger in
quantity and size and can aid in making the diagnosis of
this hereditary condition [8]. Cutaneous and uterine leio-
myosarcomas have also been reported in FH mutation
carriers. Cutaneous leiomyosarcomas were found in 1 out
of 81 patients (1.2%) with a clinical or molecular diagnosis
of HLRCC in one clinical series [7], and 1 in 46 patients
(2.2%) with an FH mutation in a second series [8]. In a
population-based series from Finland, mutations in FH
were found in 1 out of 67 (1.5%) women with nonsydromic
uterine leiomyosarcoma [9].
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The renal cancers in HLRCC have been described as
papillary type II carcinomas. These HLRCC-associated
renal tumors have abundant cytoplasm, large nuclei with an
eospinophilic nucleous surrounded by a clear halo [5, 10].
Lehtonen describes this as an “owl-eye like” nucleoli [11].
Additionally, these tumors are typically of a high Fuhrman
grade 3/4 [5, 10, 11]. Other renal cancer types such as col-
lecting duct carcinomas, sarcomatoid, oncocytic, tubulo-
papillary, clear cell renal cancers as well as a case of Wilms’
tumor [6, 8, 10, 12, 13] have also been described in families
with HLRCC. HLRCC-associated renal cancers tend to be
unilateral and very aggressive in nature but bilateral cases
have been reported [10, 14].

It is estimated that about 20-25% of HLRCC families
report diagnoses of renal carcinoma [1, 7, 8, 11, 12, 14—
17]. It is important to note that these estimates vary greatly,
from 2.4% [16] in the United Kingdom to up to 62% [8] of
US families seen at the NCI describing a family history of
renal cancer [1, 7, 8, 11, 12, 14-17]. Ascertainment bias
makes it difficult to accurately estimate the frequency from
the literature, but 20-25% seems to be a reasonable sum-
mary of the prevalence. Penetrance has not yet been for-
mally calculated in any published study.

Fumarate hydratase is an enzymatic member of the tri-
carboxycylic acid cycle (Krebs’ cycle), and catalyzes the
conversion of fumarate to malate. The gene also functions
as a tumor suppressor gene, with the second hit being loss
of the wild type allele in a manner that conforms to clas-
sical loss of heterozygosity [18]. While individuals het-
erozygous for a mutation in FH are at-risk for features of
HLRCC, individuals who are homozygous or compound
heterozygous for germline FH mutations develop a very
different phenotype, Fumarate Hydratase Deficiency
(FHD). FHD (MIM: 606812) is a metabolic disorder which
is associated with encephalopathy, developmental delay
and death within the first few years of life [19, 20]. Leio-
myomatosis has not been reported in patients with FHD,
however parents of children with FHD have incidentally
been found to have leiomyomatosis [1]. No malignant
phenotype has been described in FHD families to date.

Here we report a case of HLRCC in a young man in
which the pathology of his renal carcinoma in conjunction
with the pathology of his father’s renal carcinoma led to the
diagnosis of this hereditary cancer syndrome as his phys-
ical exam and family history were negative for cutaneous
or uterine leiomyomata.

Patient and methods
Permission for research was obtained from the Institutional

Review Board at the University of Michigan, Ann Arbor,
USA. Written informed consent was received from the
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patients or their next of kin in the case of deceased
individuals.

The patient is a 31-year old male who presented with
left sided flank pain. A computed tomography scan of the
chest, abdomen and pelvis was notable for a
6 cm x 4.7 cm left midpole renal mass with an adjacent
hematoma. He underwent left nephrectomy demonstrating
a 6.5 cm Fuhrman grade 3/4 papillary type II renal cell
carcinoma (Fig. 1A, B). Surgical margins were free of
tumor and the tumor was found to be invading into the
perirenal fat, but not through gluteus fascia (T3a). No
enlarged lymph nodes were identified. There was a large
11.5 cm subcapsular hemorrhage surrounding the mass and
extending from the upper pole to the lower pole of the
kidney. The mass grossly appeared necrotic, although there
was no microscopic necrosis. The patient had postoperative
imaging which demonstrated no evidence of residual dis-
ease within the abdomen and no evidence of pulmonary
nodules, even though a 3 mm nodular density in the right
lower lobe had been noted on the initial pre-operative
radiology report. He was referred for a cancer genetics
consultation due to his young age at cancer diagnosis.

During the genetics consultation, a physical exam of the
proband was notable for multiple cherry angiomas,
including two recently enlarging angiomas measuring
7-8 mm on the chest, and three atypical nevi. These were
biopsied and found to be capillary hemangiomas and
atypical (dysplastic) compound nevi and atypical (dys-
plastic) junctional nevi with slight and moderate atypia.
There were no clinically suspicious cutaneous leiomyomas
evident on physical exam and no evidence of leiomyoma-
tosis in the biopsied lesions.

A detailed family history was obtained (Fig. 2) and was
notable for poorly differentiated renal cell carcinoma, most
consistent with collecting duct carcinoma diagnosed in the
proband’s father at age 47, who died of metastatic disease
at age 48 (Fig. 1C, D). This histopathology was confirmed
by a second pathologist (TJG). After specific inquiry, the
patient and his mother denied any history of cutaneous
leiomyomas in the proband’s father. Maternal family his-
tory was unremarkable for cancer. The full maternal and
paternal family histories were also negative for cutaneous
or uterine leiomyoma after specific inquiry. There were no
additional reported cases of renal carcinoma beyond the
proband and his father.

A surgical specimen containing both tumor and normal
tissue from the proband’s father was obtained. The DNA
used for molecular analyses in this individual was obtained
through microdissection of unstained re-cut slides of par-
affin-embedded tumors using previously described meth-
ods [21]. Briefly, designated areas of normal and tumor
tissue were determined by a board-certified pathologist
(TJG) on a hematoxylin and eosin-stained slide. The
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Fig. 1 Pathology of renal
cancers arising in a family with
HLRCC. A and B Pathology of
proband (I11:3). Type 2 papillary
renal cell carcinoma with a
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papillary architecture. (A) and
high-grade nuclear features (B).
C and D Pathology of father
(II:4). Poorly-differentiated
renal cell carcinoma most
consistent with a collecting duct
carcinoma with predominant
solid areas (C) and minority
areas with tubular
differentiation (D). H&E;
original magnification x200
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Fig. 2 Pedigree of Family 5194; Proband, denoted with arrow (I11:4)
presented at age 31 with Papillary type II RCC. Father (I1:4) died at age
47 from a poorly differentiated RCC, likely a collecting duct cancer

designated areas on the corresponding unstained re-cut
slides were removed with a clean razor blade and trans-
ferred to individual tubes. The DNA was then extracted
from the scraped tissue by dissolving the samples in xylene
to remove the paraffin followed by proteinase K digestion
and ethanol precipitation.

Mutation detection within the proband’s father’s tumor
was carried out by PCR and direct sequencing of DNA
extracted from formalin fixed and paraffin embedded tumor
tissue. PCR primers for the amplification of FH exon 5
were as follows: forward, 5-TTT TCC CAC AGC AAT
GCA C-3'; and reverse, 5-TGC CCA AGA GTA AGT
GGA ACA-3. The reaction mix per sample included
10pmol each of the forward and the reverse primer along
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with a master mix made up of 2.5mM dNTPs (NEB),
MgCl,, 10x PCR buffer, and Amplitaq Gold (Applied
Biosystems). The PCR conditions begin with an initial
denaturing step at 95°C for 10 min followed by 38 cycles
of 94°C for 30 s, 60°C for 45 s, and 72°C for 45 s, and a
final extension at 72°C for 10 min. To check the quality
of the amplification, approximately 3pl of PCR product
was run a 1.5% agarose gel by electrophoresis and then
visualized by ethidium bromide. The PCR product was
then purified using an Exo-SAP protocol which involves
incubating the PCR product in 0.73pl of SAP buffer, 0.73
pl of SAP and 0.58 pl Exonuclease Restriction Enzyme.
Dideoxy sequencing was performed by the sequencing
core facilities at the University of Michigan (Ann Arbor,
MI, U.S.A.). Sequences were compared to reference
sequence NM_000143 using Mutation Surveyor version
MS2.61 (SoftGenetics Inc), and each chromatogram was
manually reviewed to confirm the mutation. Sequencing
was performed in both directions to confirm sequence
variations.
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Results

Given the history of papillary type II renal cancer and
family history of collecting duct carcinoma, genetic testing
for mutations in the FH gene was ordered through a CLIA-
certified clinical laboratory. Sequencing identified a mis-
sense mutation, p.R233H (c.698G>A) previously described
as p.R190H (c.569G>A) [22]. This mutation is a well
described, relatively frequent mutation in families with
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Fig. 3 Chromatograms of Wild-Type and Mutant FH exon 5. Control
sequence for (A) was derived from CEPH NA11873. B and C represent
sequence from individual II:4, derived from normal adjacent kidney
tissue and poorly differentiated renal carcinoma tissue, respectively.
B and C Illustrate the single base substitution c.698G>A which results
in substitution of Arginine by Histidine at codon 233 (p.R233H). Note
that (B) shows presence of wild-type sequence (black), while (C) does
not, consistent with loss of heterozygosity

HLRCC [18]. Thus mutational analysis confirmed the
suspected clinical diagnosis of HLRCC in the proband.

Analysis in tumor and normal tissue DNA of the pro-
band’s father confirmed the presence of the p.R233H
mutation (Fig. 3).

Discussion

A diagnosis of Hereditary Leiomyomatosis and Renal Cell
Carcinoma (HLRCC) in this family was suggested by the
specific pathologic features of papillary type II renal cancer
and collecting duct carcinoma and was confirmed by
molecular genetic testing. About 20-25% of HLRCC
families report a family history of renal cancer [1, 7, §, 11,
12, 14-17]. The common presenting features of the con-
dition, cutaneous and uterine leiomyomata, were absent in
this family. Without proper pathology review of the renal
tumors, a diagnosis of HLRCC would not have been
possible.

Gardie et al. [12]. recently examined a series of 79
families identified either through a dermatology (N=56) or
urology (N=23) clinic as having histories suggestive of
HLRCC. Forty-four of 79 families had germline FH gene
mutations (55.7%) including two of 5 families (40%) with
familial isolated papillary type II renal cancer in the
absence of other features of HLRCC and two of 18 families
(11.1%) with sporadic papillary type II renal cancer in the
absence of other feature of HLRCC. Fifteen of 44 families
(34%) reported a family history of renal cancer and 27 of
151 (17.9%) known gene carriers had a personal history or
renal cancer. Thirty-one unique FH mutations were
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identified in these 44 families and no genotype-phenotype
correlation could be observed in regards to cutaneous or
uterine leiomyomatosis, leiomyosarcoma or renal cancer
risk. Genetic modifiers for renal cancer risk have not been
identified [23].

HLRCC genotype-phenotype correlations have yet to be
clearly established. Toro et al. [7] studied 31 families with
a clinical diagnosis of HLRCC and a confirmatory muta-
tion in FH. They found that 5 families reported histories of
renal cell carcinoma, most often papillary type II. Missense
mutations at the same codon (p.R233L; p.R233C) have
been reported in association with renal cancer [22]. How-
ever, several mutations, including the p.R233H identified
in this family, have been reported in HLRCC families with
and without renal cancer [24] suggesting variable expres-
sivity for specific mutations like p.R233H.

Toro, et al. [7] found that 11 of 35 (31.4%) unrelated
families carried the p.R233H mutation and that it may
represent a mutational hotspot. It is estimated that 18% of
all reported FH mutations are at codon 233 [24]. The FH
mutation database constructed by Bayley et al. [22] reports
19 independent families with this mutation described as the
most common FH mutation.

When reviewing differential diagnoses for familial renal
cancers, the tumor pathology provides vital clues to aid in
the diagnosis (Table 1). The identification of the appro-
priate hereditary renal cancer predisposition syndrome has
significant implications on surgical management and future
surveillance as well as screening recommendations for
at-risk relatives [25—-27]. Renal cancers in individuals with
von Hippel-Lindau (vHL), Hereditary Papillary Renal
Carcinoma (HPRC) and Birt-Hogg-Dubé (BHD) are typi-
cally treated conservatively with cryoablation and nephron
sparing surgery due to the likelihood of multifocal, bilat-
eral disease and the relatively predictable clinical course of
these cancers [28, 29]. The main objective in these par-
ticular inherited renal cancer predisposition syndromes is
to preserve as much renal tissue as possible for long-term
renal function. Recently, renal cancer has been found to be
associated with Hereditary Paraganglioma Syndrome
(HPGL), an inherited condition predisposing to head, neck
and thoracic paraganglioma and adrenal and extra-adrenal
pheochromoctyoma [30, 31]. The extent of surgical
resections recommended for the management of renal
cancer arising within the context of HPGL is not yet firmly
established [32].

In contrast, individuals with HLRCC-associated renal
carcinoma should be treated more aggressively, and these
patients often undergo radical nephrectomy given the
aggressive nature and highly metastatic potential of these
cancers [33]. Individuals with HLRCC are less likely to
develop bilateral tumors [10], although a single case with
bilateral tumors has been reported [14]. The more typical,
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Table 1 Differential Diagnoses for Familial Renal Cancer

Condition Gene

Renal pathology

Other features

Birt-Hogg-Dubé (BHD) FLCN

Chromosome 3 associated Multiple translocations

Chromophobe, oncocytic, hybrid

Clear cell

Fibrofolliculoma, trichodiscoma,
acrochordon, spontaneous
pneumothorax

None

familial renal cancer reported
Hereditary leiomyomatosis FH Papillary type II, collecting duct Cutaneous and uterine leiomyomas
and renal cell carcinoma
(HLRCC)
Hereditary papillary renal c-MET Papillary type I None
carcinoma (HPRC)
Hereditary paraganglioma SDHB Clear cell, papillary, oncocytic, Head, neck and thoracic
syndrome (HPGL) SDHD* chromophobe paraganglioma, adrenal/Extra-
adrenal pheochromocytoma
Tuberous sclerosis (TS) TSCI Angiomyolipoma, clear cell, Cortical tubers, hypomelanotic
TSC2 oncoytoma macules, angiofibromas, ungual
fibromas
von Hippel-Lindau (VHL) VHL Clear cell Cerebellar/spinal hemangioblastomas

retinal angiomas, pancreatic
neuroendocrine tumors

Other genes responsible for HPGL, including SDHC, SDH5 and TMEM 127 are not known to be associated with renal cancer

unilateral presentation favors aggressive resections to
minimize the possibility of recurrence rather than less
aggressive surgery that spares normal renal tissue in order
to preserve long-term renal function.

The identification of HLRCC in this particular family is
also representative of the utility of genetic testing and
screening of at-risk relatives. The autosomal dominant
inheritance pattern of HLRCC means that all first-degree
relatives are at 50% risk of the condition. The average age
of onset of renal cancer is 44 years in the North American
HLRCC population and 43 years in the French HLRCC
population [7, 12]. We recommend that at-risk individuals
should be screened with annual abdominal/pelvic MRI,
although some authors recommend either CT or MRI [24].
Once a lesion concerning for renal cancer is identified,
intervals in screening should be decreased and follow-up
evaluation with FDG-PET scans is recommended. When
the concerning lesion reaches radiographic or clinical cri-
teria that are not yet well defined, radical nephrectomy is
recommended due to the aggressive nature of renal cancers
seen in HLRCC. Although there are no clearly defined
radiographic criteria, a mass that clearly appears to be a
tumor, even when less than 1 cm in size, should be
immediately removed, possibly with radical nephrectomy.
Indeterminate lesions and complex cysts should be moni-
tored with shorter intervals than annual surveillance. Given
the recent reports of young onset renal cancer in an indi-
vidual with HLRCC, predictive genetic testing and
asymptomatic surveillance has been suggested as early as
age 5 [34]. We advocate for predictive genetic testing and
asymptomatic screening for HLRCC associated renal

tumors beginning at age 18 with annual abdominal/pelvic
MRI. As the patient ages, it is reasonable to consider
incorporating abdominal/pelvic CT alternating with
abdominal/pelvic MRI annually, although our preference is
to minimize radiation and rely on MRI.

Management of cutaneous and uterine leiomyomata is
symptomatic, however the risk of leiomyosarcoma needs to
be considered. Screening and management guidelines are
evolving and range from screening with annual transvaginal
ultrasound and strong consideration of prophylactic hyster-
ectomy once childbearing is complete to a more conservative
approach with the consideration of hysterectomy as needed
for management of uterine leiomyomas [11, 35].

In this family, the ability to make a clinical diagnosis of
HLRCC was diminished by the relatively few at-risk
female family members in a condition where one of the
primary features is uterine leiomyomata. Here we demon-
strate the importance of pathology review in an accurate
risk assessment and differentiating this condition from the
other hereditary cancer syndromes in the presence of
familial renal cancer. A detailed review by an experienced
pathologist is essential in making the diagnosis and aiding
in decisions of surgical and medical management.
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