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Abstract

Aims: Hepatic angiomyolipoma (AML) often shows epithelioid morphology with inconspicuous
fat. Epithelioid component can mimic hepatocellular adenoma (HCA) or carcinoma (HCC). The
aims of this study were to examine the expression of commonly used markers for HCA or HCC in
hepatic AML and highlight pitfalls in diagnosis.

Methods and results: Resected hepatic AMLs (7= 16) were reviewed; reticulin stain,
immunohistochemistry for glutamine synthetase (GS), B-catenin and liver fatty acid binding
protein (LFABP) were performed along with Sanger sequencing of exon 3 of CTNNBI and next-
generation sequencing (NGS). Predominant epithelioid component (=50%) was seen in 80% of
cases. Foamy macrophage was present in 33% of cases. High-risk histological features were often
present in tumours with benign outcome: marked atypia (19%), mitoses (20%) and necrosis
(33%). GS staining (=10% of tumour) was seen in epithelioid components in 13 (87%) cases, and
was diffuse (>50% of tumour) in six (40%) cases. LFABP staining or nuclear p-catenin staining
was not seen in any case. Sanger sequencing and NGS did not reveal CTANBI mutation in any
tested case. NGS demonstrated 75C2mutations in all five cases tested.

Conclusions: The predominance of epithelioid component resembling HCA or HCC is common
in hepatic AML. Absence of LFABP and presence of fat can be mistaken for #NFIa-inactivated
HCA. Diffuse GS staining can be mistaken for p-catenin-activated HCA or HCC. Diffuse GS
expression is not related to C7TNVNBI mutation. All tested cases showed 75C2 mutation,
supporting this as the driving genetic event for hepatic AML.
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Introduction

Hepatic angiomyolipoma (AML) is a mesenchymal tumour that belongs to the category of
perivascular epithelioid cell tumours. As opposed to the renal counterparts, most hepatic
AMLs are sporadic, and only 5-15% occur as part of tuberous sclerosis complex (TSC).1-3
Hepatic AML tends to have a prominent epithelioid morphology and can be monotypical,
i.e. composed of a myoid component without mature adipose tissue and aberrant thick-
walled blood vessels.*® The epithelioid component can morphologically mimic
hepatocellular neoplasms such as hepatocellular adenoma (HCA) or hepatocellular
carcinoma (HCC), leading to erroneous diagnosis, particularly in needle biopsies.>6 AMLs
also closely resemble HCC on imaging.”-8 The distinction is important, as the vast majority
of AMLs behave in a benign fashion, and reports of recurrence or metastasis are rare.%14

We have observed anecdotal cases of AML which were mistaken for hepatocellular
neoplasms on haematoxylin and eosin (H&E) stain, and in which immunohistochemical
markers such as liver fatty acid binding protein (LFABP) and glutamine synthetase (GS) had
been obtained. These cases showed negative LFABP leading to the suspicion of hepatocyte
nuclear factor alpha (HNFla)-inactivated HCA, while diffuse GS staining has led to
suspicion of p-catenin-activated HCA/HCC.1® This led us to examine a series of hepatic
AMLs focusing on immunohistochemical markers used commonly in HCA and/or HCC. We
also explored the molecular basis of diffuse GS staining.

Material and methods
CASE SELECTION

The study group comprised 16 resected cases of hepatic AML, nine of which were resected
at the University of California San Francisco (UCSF) between 2000 and 2017, and seven
cases from the Southern California Permanente Medical Group between 2003 and 2016.
Clinical information and outcome data were obtained by review of the electronic medical
record. The slides were reviewed to confirm the diagnosis in all cases. The study was
approved by the Committee on Human Research at University of California San Francisco
(CHR no. 10-04369; status current), which was recognised as the Institutional Review
Board for this study by the Southern California Permanente Medical Group. The
requirement of informed consent was waived as part of the study approval.

IMMUNOHISTOCHEMISTRY

Immunohistochemistry for LFABP, GS, p-catenin, CD68 and CD117 was performed on 5-
um-thick sections from formalin-fixed, paraffin-embedded blocks (Table 1). In brief,
sections were dewaxed in xylene, heated in citrate buffer, blocked for endogenous
peroxidase by 0.3% hydrogen peroxide, blocked further for endogenous avidin and biotin
and incubated with the primary antibody. The streptavidin—biotin—peroxidase method with
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diaminobenzidine hydrochloride as the chromogen was used for detection. The sections
were then dehydrated and cover-slipped. GS staining was recorded as diffuse when moderate
to strong cytoplasmic staining was present in >50% of tumour cells, and patchy when
moderate to strong cytoplasmic staining was present in 10-50% of tumour cells. All other
results were regarded as negative. Diffuse staining was categorised further as diffuse
homogeneous and diffuse heterogeneous (moderate to strong cytoplasmic staining in >90%
and 50-90% of tumour cells, respectively).

SEQUENCING OF EXON3 OF CATENIN BETA 1 (CTNNB1) GENE

Genomic DNA was extracted from 10-um sections obtained from paraffin-embedded blocks.
Conventional Sanger sequencing of exon 3 of CTNNBI was performed in three cases.

NEXT - GENERATION SEQUENCING (NGS)

Results

In five AML cases, capture-based NGS was performed at the UCSF Clinical Cancer
Genomics Laboratory (CCGL) targeting the coding regions of 479 cancer genes. Sequencing
libraries were prepared from genomic DNAS extracted from both tumour and normal
background tissue. Sequencing was carried out on a HiSeq 2500 System (lllumina, San
Diego, CA, USA). The analysis was based on the human reference sequence UCSC build
hg19 (NCBI build 37) using the following software packages: BWA (0.7.10-r789), CNVKkit
(0.3.3), Samtools [1.1 (using htslib 1.1)], Pindel, Picard tools: 1.97 (1504), IGV, GATK
(2014.4-3.3.0-0-ga3711), Nexus Copy Number, SATK (2013.1-10-gd6fa6c3), Freebayes,
Annovar (v2015Mar22) and Delly. The genetic variants were classified as pathogenic/
probably pathogenic for recurring activation (hot-spot) mutations in established oncogenes
and truncating, splicing or recurrent mutations in known tumour suppressor genes.
Mutations were classified as variant of uncertain significance (VUS) when it was not known
to occur in the tumour, did not inactivate a tumour suppressor gene and/or was not found in
databases such as COSMIC or BioPortal.

CLINICOPATHOLOGICAL FEATURES

The age range at the time of diagnosis was 8-78 years (median 43). There were 10 (63%)
women. All cases were sporadic and there was no clinical evidence of tuberous sclerosis
complex (TSC) or renal involvement. All cases except one were unifocal, ranging from 1.3
to 26 cm (median = 3.2 cm). One case had two tumour nodules (6.1 and 2.4 cm). Follow-up
information was available for 10 patients with a median duration of 17.5 months and mean
of 29.4 months (range = 3-108 months). One patient developed recurrence in the liver along
with involvement of inferior vena cava and diaphragm as well as lung metastasis 9 years
after resection. The remaining eight patients were alive with no evidence of recurrence or
metastasis at last available follow-up. One patient was an organ donor who died in a motor
vehicle accident and the tumour was resected as part of the evaluation of the liver for
transplant.
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HISTOPATHOLOGICAL FEATURES

Predominance of the epithelioid component (=50% of the tumour) was seen in 12 (80%)
cases, while three (19%) tumours had a greater than 80% proportion of epithelioid cells
(Figure 1A). The epithelioid cells were arranged in sheets, and were polygonal with
moderate to abundant eosinophilic granular or pale cytoplasm, indistinct cell membrane,
eccentric vesicular to hyperchromatic nuclei and variably prominent nucleoli. The fat
component was predominant (>50%) in two (13%) cases, while it was 10% or less in six
(39%) cases. Marked cytological atypia was seen in three (19%), mitoses >1 in 50 high-
power fields in three (20%) and necrosis in five (33%) cases (Figure 2). Three tumours were
large (>5 cm) and had necrosis, all of which had benign outcome (follow-up period 60-69
months). One case with malignant outcome was 15 cm with 70% epithelioid component,
moderate cytological atypia, necrosis and no significant mitotic activity. Foamy cell
collections were present in five (33%) cases (Figure 3). Reticulin stain was available in four
cases, and showed a reticulin-poor stroma in all cases (Figure 1B).

IMMUNOHISTOCHEMISTRY

HMB-45 (Figure 4A) and smooth muscle actin (Figure 4B) were positive while S-100 was
negative in all 16 cases, confirming the diagnosis of AML (Table 2). Immunohistochemistry
for B-catenin revealed membranous staining without nuclear labelling in all eight cases that
were examined. Moderate to strong GS staining in =10% of tumour cells was noted in 13
(81%) cases, and in >50% of tumour cells in six (38%) cases (Figure 5). Of the latter, four
were diffuse homogeneous and two were diffuse heterogeneous. LFABP and CD117 was
negative in all eight cases in which it was performed (Figure 6). CD68 staining highlighted
clusters of foamy macrophages in five (31%) tumours, while the tumour cells were CD68-
negative.

SEQUENCING OF CTNNB1 GENE

NGS

To explore the possibility of CTAMNNBI (B-catenin) mutation as an explanation for diffuse GS
staining, Sanger sequencing of exon 3 of CTNNBI was performed in three cases, two with
diffuse staining and one with patchy GS staining. No mutations were detected in any case.

NGS analysis was performed in five cases, two with diffuse and three with patchy GS
staining. Somatic mutations in the 7SC2 gene were identified in all five cases (transcript ID
NM_000548), including bi-allelic mutations in four cases (Table 3). No other pathogenic or
probably pathogenic mutations were identified in any case. One case in an 8-year-old boy
showed monoallelic 75C mutation, along with three additional mutations that were
classified as variants of uncertain significance (VUS): SPRYZ2p.S139Y, ERBB4p.L1296M,
KMT2D p.A4679S. Germline mutations in 75CZ or 75C2were not present in any of the
five cases. Mutations in the CTNNBI gene or other genes involved in Wnt signalling
pathway, such as APCand AX/N, were not encountered. There were no definite copy
number alterations; however, the tumour content was low in some cases, which precluded an
accurate assessment of the copy number data.
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Discussion

Hepatic AML is often composed predominantly or entirely of an epithelioid myoid
component that can closely mimic hepatocellular neoplasms such as HCA and HCC. On
imaging, the enhancement in AML is similar to HCC leading to an erroneous radiological
diagnosis in most cases.>":16 All AML cases were sporadic in this study. Although nearly
half renal AMLs occur in association with tuberous sclerosis, this association is seen in only
5-15% in hepatic cases.13 There is no standard definition of an epithelioid AML, but a cut-
off of 80% epithelioid component has been proposed for renal AML.17:18 Based on this
criterion, <5% of renal AMLs are epithelioid. Epithelioid component is seen more
commonly in its hepatic counterpart and comprised nearly 20% of AMLSs in our series.
Other studies have also reported that hepatic AMLS tend to be epithelioid and monotypical.
519.20 The combination of epithelioid morphology, absent or inconspicuous fatty/vascular
components and reticulin-poor stroma can be misinterpreted as HCC. Helpful pointers to
AML include the lack of distinct cell outlines, which gives a ‘“flowing’ appearance to the
tumour. Foamy macrophage clusters were seen in one-third of the cases, which can be useful
for diagnosis.

The criteria of malignancy in AMLs are not well established. Aggressive features described
in renal AMLs-include older age, large size, epithelioid variant, severe atypia, high mitoses,
necrosis, lymphovascular invasion and renal vein invasion extra-renal extension,21:22 but are
not reliable.17:23 Size >5 cm and mitoses =1 in 50 high-power fields were the only features
that predicted malignant behaviour in one large study.2* A three-tier approach was advocated
by Folpe et al., with division into benign (fewer than two high-risk features), malignant
(greater than or equal to two high-risk features) and uncertain malignant potential (tumours
with nuclear pleomorphism or size >5 cm, but no other high-risk features).2> The seven
high-risk features in this study included size >5 cm, high nuclear grade, hypercellularity,
mitotic rate of >1/50 high-power field, necrosis, infiltration into surrounding normal
parenchyma and vascular invasion. Most reported cases of malignant hepatic AML in the
literature had at least two high-risk features, with most being >5 cm and having necrosis,
4.9.11.26 including one case in the current study. Additional high-risk features such as marked
nuclear atypia (three cases), high mitoses (two cases) and vascular invasion (two cases) were
described in other reports of malignant hepatic AML.10:27:28 Two reported cases with
malignant outcome would have been considered as AML with uncertain malignant potential
based on the Folpe criteria, as they were >5 cm but did not have other high-risk features.12:29
However, the reliability of these criteria is uncertain, as many hepatic AMLs with benign
outcome also show similar features. In our series, AMLs with benign outcome also showed
high-risk histological features, including five (33%) with size >5 cm, three (20%) with
mitoses >1 in 50-high power fields and five (33%) with necrosis. Three cases with benign
outcome had two high-risk features (large size and necrosis). Similar findings have been
reported in the literature, with two or more high-risk features observed in AMLSs with benign
outcome.30-32 \/ascular invasion has often been noted in AMLs with benign outcome.33:34
The lack of CD117 expression was postulated as a feature of malignancy based on one case;
10 however, CD117 was negative in all eight cases in our series with benign outcome.
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If the morphological features of AML are mistaken for a hepatocellular neoplasm, it can
lead to work-up with immunohistochemical stains such as LFABP and GS. All hepatic
AMLs tested in our series were negative for LFABP by immunohistochemistry. As LFABP
is a protein that is found normally in hepatocytes, the negative result in AML is expected.
Among hepatocellular tumours, loss of LFABP occurs typically as a result of HNFIa
mutation, and is used for the diagnosis of HNFIa-inactivated HCA.3° The combination of
epithelioid morphology and negative LFABP in AML can be mistaken for HNFZa-
inactivated HCA or HCC.

Diffuse positive GS staining was observed in 40% of cases, and can raise the possibility of
[B-catenin-activated HCA or HCC. Diffuse GS staining in most hepatocellular neoplasms is
related to activation of the Wnt-signalling pathway, due most commonly to mutations in
exon 3 of CTNNBI1 and less commonly to mutations in APCand AX/N genes. This leads to
translocation of B-catenin into the nucleus and subsequent transcription of genes involved in
proliferation, differentiation, cell growth and development.38 In our series, nuclear p-catenin
was not seen by immunohistochemistry in AML, and mutations in CTNNBI were not
identified by Sanger sequencing (exon 3) or NGS in any of the tested cases. Similarly, there
were no mutations by NGS in the other Wnt-signalling pathway genes, such as APC and
AXIN, to explain the diffuse GS staining.

75C1/TSC2-encoded proteins (hamartin and tuberin) modulate cell functions through the
mTOR signalling, and also regulate cell growth and proliferation. Germline mutations in
7SC1or TSCZ2are observed in AMLs occurring in tuberous sclerosis, while 75C2
mutations have been described in sporadic renal AMLs.37:38 Mutational analysis by
sequencing has not been reported in sporadic hepatic AMLSs, but loss of heterozygosity
(LOH) at the 7SCZsite has been described.120:39 Al five tested cases of hepatic AML in
our series showed 75C2gene mutations, with bi-allelic mutations in four cases. Based on
our series, as well as reported results in the literature,37:38 the 7SC2mutation is perhaps a
universal finding in sporadic AMLs and is probably sufficient for tumorigenesis, as other
genetic events are rare. 75C2mutations are scattered throughout the gene and mutations in
40 of 41 exons have been reported.40 Exons 34-38 that encode for the GAP-region with
GTPase activity are often involved (two cases in this series), and mutations in exon 10 can
interfere with binding with TSC1 protein (one case in our series).*0

TSC1 and TSC2 proteins may also be involved in regulating the Wnt-signalling pathway. It
has been shown that the TSC1/TSC2 complex may bind to GSK3 and axin to promote f3-
catenin degradation and therefore prevent its nuclear translocation and inhibit Wnt-
stimulated TCF/LEF-dependent transcription.4142 Hence, the 75C1/ TSC2 mutation in AML
may up-regulate the expression of GS by its effect on the Wnt signalling pathway without
involving CTTNBI mutation. It is also possible that 7SC1/TSC2 mutations may induce GS
expression in hepatic AML independently of Wnt. Additional studies are necessary to
evaluate activation of the Wnt signalling pathway in hepatic AML.

In summary, the predominance of epithelioid component and inconspicuous fat in most
hepatic AMLs can be mistaken for hepatocellular adenoma and HCC. Absence of liver fatty
acid binding protein (LFABP) and presence of fat can be mistaken for HNFla-inactivated
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patocellular adenoma, while diffuse GS and can be mistaken for p-catenin-activated
patocellular adenoma or HCC. Foamy macrophage clusters may be useful to raise the

possibility of AML. Adverse histological features do not predict malignant behaviour
reliably. 7SC2mutations are present in all hepatic AMLSs.

Acknowledg

Th

ements

is study was supported by the Department of Pathology Research Fund, University of California San Francisco.

Dr. Grenert receives grant support from the UCSF Liver Center (P30 DK026743).

References
1.

10.

11.

12.

13.

Henske EP, Neumann HP, Scheithauer BW, Herbst EW, Short MP, Kwiatkowski DJ. Loss of
heterozygosity in the tuberous sclerosis (TSC2) region of chromosome band 16p13 occurs in
sporadic as well as TSC-associated renal angiomyolipomas. Genes Chromosom. Cancer 1995; 13;
295-298. [PubMed: 7547639]

. Kamimura K, Nomoto M, Aoyagi Y. Hepatic angiomyolipoma: diagnostic findings and

management. Int. J. Hepatol 2012; 2012; 410781. [PubMed: 23320180]

. Tsui WM, Colombari R, Portmann BC et al. Hepatic angiomyolipoma: a clinicopathologic study of

30 cases and delineation of unusual morphologic variants. Am. J. Surg. Pathol 1999; 23; 34-48.
[PubMed: 9888702]

. Wang SN, Tsai KB, Lee KT. Hepatic angiomyolipoma with trace amounts of fat: a case report and

literature review. J. Clin. Pathol 2006; 59; 1196-1199. [PubMed: 17071805]

. Agaimy A, Vassos N, Croner RS, Strobel D, Lell M. Hepatic angiomyolipoma: a series of six cases

with emphasis on pathological-radiological correlations and unusual variants diagnosed by core
needle biopsy. Int. J. Clin. Exp. Pathol 2012; 5; 512-521. [PubMed: 22949933]

. Xie L, Jessurun J, Manivel JC, Pambuccian SE. Hepatic epithelioid angiomyolipoma with trabecular

growth pattern: a mimic of hepatocellular carcinoma on fine needle aspiration cytology. Diagn.
Cytopathol 2012; 40; 639-650. [PubMed: 21563318]

. Lee SJ, Kim SY, Kim KW et al. Hepatic angiomyolipoma versus hepatocellular carcinoma in the

noncirrhotic liver on gadoxetic acid-enhanced MRI: a diagnostic challenge. Am. J. Roentgenol
2016; 207; 562-570. [PubMed: 27248975]

. Wang CP, Li HY, Wang H et al. Hepatic angiomyolipoma mimicking hepatocellular carcinoma:

magnetic resonance imaging and clinical pathological characteristics in 9 cases. Medicine
(Baltimore) 2014; 93; e194. [PubMed: 25526436]

. Dalle I, Sciot R, de Vos R et al. Malignant angiomyolipoma of the liver: a hitherto unreported

variant. Histopathology 2000; 36; 443-450. [PubMed: 10792486]

Nguyen TT, Gorman B, Shields D, Goodman Z. Malignant hepatic angiomyolipoma: report of a
case and review of literature. Am. J. Surg. Pathol 2008; 32; 793-798. [PubMed: 18391749]
Ohmori T, Arita N, Uraga N et al. Giant hepatic angiomyolipoma. Histopathology 1989; 15; 540—
543. [PubMed: 2599515]

Parfitt JR, Bella AJ, Izawa JI, Wehrli BM. Malignant neoplasm of perivascular epithelioid cells of
the liver. Arch. Pathol. Lab. Med 2006; 130; 1219-1222. [PubMed: 16879028]

Klompenhouwer AJ, Verver D, Janki S et al. Management of hepatic angiomyolipoma: a
systematic review. Liver Int 2017; 37; 1272-1280. [PubMed: 28177188]

14. Fukuda Y, Omiya H, Takami K et al. Malignant hepatic epithelioid angiomyolipoma with

15.

16.

recurrence in the lung 7 years after hepatectomy: a case report and literature review. Surg. Case
Rep 2016; 2; 31. [PubMed: 27037804]

Cho SJ, Ferrell LD, Gill RM. Expression of liver fatty acid binding protein in hepatocellular
carcinoma. Hum. Pathol 2016; 50; 135-139. [PubMed: 26997447]

Kim R, Lee JM, Joo | et al. Differentiation of lipid poor angiomyolipoma from hepatocellular
carcinoma on gadoxetic acid-enhanced liver MR imaging. Abdom. Imaging 2015; 40; 531-541.
[PubMed: 25231411]

Histopathology. Author manuscript; available in PMC 2019 April 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yan et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Page 8

He W, Cheville JC, Sadow PM et al. Epithelioid angiomyolipoma of the kidney: pathological
features and clinical outcome in a series of consecutively resected tumors. Mod. Pathol 2013; 26;
1355-1364. [PubMed: 23599151]

Moch H, Humphrey PA, Ulbright TM, Reuter VE eds. WHO classification of tumors of the urinary
system and male genital organs Geneva, Switzerland: WHO Press, 2016.

Jimbo N, Nishigami T, Noguchi M et al. Hepatic angiomyolipomas may overexpress TFE3, but
have no relevant genetic alterations. Hum. Pathol 2017; 61; 41-48. [PubMed: 27865795]

Huang SC, Chuang HC, Chen TD et al. Alterations of the mTOR pathway in hepatic
angiomyolipoma with emphasis on the epithelioid variant and loss of heterogeneity of TSC1/
TSC2. Histopathology 2015; 66; 695-705. [PubMed: 25234729]

Brimo F, Robinson B, Guo C, Zhou M, Latour M, Epstein JI. Renal epithelioid angiomyolipoma
with atypia: a series of 40 cases with emphasis on clinicopathologic prognostic indicators of
malignancy. Am. J. Surg. Pathol 2010; 34; 715-722. [PubMed: 20410812]

Nese N, Martignoni G, Fletcher CD et al. Pure epithelioid PEComas (so-called epithelioid
angiomyolipoma) of the kidney: a clinicopathologic study of 41 cases: detailed assessment of
morphology andriskstratification. Am. J. Surg. Pathol 2011; 35; 161-176. [PubMed: 21263237]
Aydin H, Magi-Galluzzi C, Lane BR et al. Renal angiomyolipoma: clinicopathologic study of 194
cases with emphasis on the epithelioid histology and tuberous sclerosis association. Am. J. Surg.
Pathol 2009; 33; 289-297. [PubMed: 18852677]

Bleeker JS, Quevedo JF, Folpe AL. ‘Malignant’ perivascular epithelioid cell neoplasm: risk
stratification and treatment strategies. Sarcoma 2012; 2012; 541626. [PubMed: 22619565]

Folpe AL, Mentzel T, Lehr HA, Fisher C, Balzer BL, Weiss SW. Perivascular epithelioid cell
neoplasms of soft tissue and gynecologic origin: a clinicopathologic study of 26 cases and review
of the literature. Am. J. Surg. Pathol 2005; 29; 1558-1575. [PubMed: 16327428]

Abhirup B, Kaushal K, Sanket M, Ganesh N. Malignant hepatic perivascular epithelioid cell tumor
(PEComa). Case report and a brief review. J. Egypt. Natl Canc. Inst 2015; 27; 239-242. [PubMed:
26071321]

Deng YF, Lin Q, Zhang SH, Ling YM, He JK, Chen XF. Malignant angiomyolipoma in the liver: a
case report with pathological and molecular analysis. Pathol. Res. Pract 2008; 204; 911-918.
[PubMed: 18723294]

Selvaggi F, Risio D, Claudi R et al. Malignant PEComa: a case report with emphasis on clinical
and morphological criteria. BMC Surg 2011; 11; 3. [PubMed: 21272348]

Hao BB, Rao JH, Fan Y et al. Hepatic perivascular epithelioid cell tumor in three patients.
Hepatobiliary Pancreat. Dis. Int 2016; 15; 660-664. [PubMed: 27919857]

Liu J, Zhang CW, Hong DF et al. Primary hepatic epithelioid angiomyolipoma: a malignant
potential tumor which should be recognized. World J. Gastroenterol 2016; 22; 4908-4917.
[PubMed: 27239117]

Tajima S, Suzuki A, Suzumura K. Ruptured hepatic epithelioid angiomyolipoma: a case report and
literature review. Case Rep. Oncol 2014; 7; 369-375. [PubMed: 24987358]

Zhou Y, Chen F, Jiang W, Meng Q, Wang F. Hepatic epithelioid angiomyolipoma with an unusual
pathologic appearance: expanding the morphologic spectrum. Int. J. Clin. Exp. Pathol 2014; 7;
6364-6369. [PubMed: 25337292]

Rouquie D, Eggenspieler P, Algayres JP, Bechade D, Camparo P, Baranger B. Malignant-like
angiomyolipoma of the liver: report of one case and review of the literature. Ann. Chir 2006; 131;
338-341. [PubMed: 16386232]

Kamimura K, Oosaki A, Sugahara S et al. Malignant potential of hepatic angiomyolipoma: case
report and literature review. Clin. J. Gastroenterol 2010; 3; 104-110. [PubMed: 26190004]
Bioulac-Sage P, Rebouissou S, Thomas C et al. Hepatocellular adenoma subtype classification
using molecular markers and immunohistochemistry. Hepatology 2007; 46; 740-748. [PubMed:
17663417]

Hale G, Liu X, Hu J et al. Correlation of exon 3 beta-catenin mutations with glutamine synthetase
staining patterns in hepatocellular adenoma and hepatocellular carcinoma. Mod. Pathol 2016; 29;
1370-1380. [PubMed: 27469330]

Histopathology. Author manuscript; available in PMC 2019 April 18.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Yan et al.

37.

38.

39.

40.

41.

42.

Page 9

Qin W, Bajaj V, Malinowska | et al. Angiomyolipoma have common mutations in TSC2 but no
other common genetic events. PLoS ONE 2011; 6; e24919. [PubMed: 21949787]

Giannikou K, Malinowska IA, Pugh TJ et al. Whole exome sequencing identifies TSC1/TSC2
biallelic loss as the primary and sufficient driver event for renal angiomyolipoma development.
PLo0S Genet 2016; 12; e1006242. [PubMed: 27494029]

Pan CC, Chung MY, Ng KF et al. Constant allelic alteration on chromosome 16p (TSC2 gene) in
perivascular epithelioid cell tumour (PEComa): genetic evidence for the relationship of PEComa
with angiomyolipoma. J. Pathol 2008; 214; 387-393. [PubMed: 18085521]

Rosset C, Netto CBO, Ashton-Prolla P. TSC1 and TSC2 gene mutations and their implications for
treatment in tuberous sclerosis complex: a review. Genet. Mol. Biol 2017; 40; 69-79. [PubMed:
28222202]

Mak BC, Kenerson HL, Aicher LD, Barnes EA, Yeung RS. Aberrant beta-catenin signaling in
tuberous sclerosis. Am. J. Pathol 2005; 167; 107-116. [PubMed: 15972957]

Orlova KA, Crino PB. The tuberous sclerosis complex. Ann. N. Y. Acad. Sci 2010; 1184; 87-105.
[PubMed: 20146692]

Histopathology. Author manuscript; available in PMC 2019 April 18.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Yan et al.

TN Sy SOE R ey e
< :’2‘: s ;I.«,t‘. E,&;&I;i:"‘_.‘{'a"t 4

-

,~
-
A
8!
'.
55
- 40

: - - il
& 23 bNET
k‘l:' :""'.k 0.5.
A Ao g8
ey St Y

-

4

- -
by
ok
Jl = T

NNT N i S0
ealiin
e Kioid

-
s
-

i
b
:.-

Figure 1.
Hepatic epithelioid angiomyolipoma lacking fat (A, haematoxylin and eosin stain) and

showing a reticulin-poor stroma (B, reticulin stain). These findings can mimic hepatocellular
adenoma or hepatocellular carcinoma.
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Figure 2.
Necrosis [A, haematoxylin and eosin (H&E) stain] and mitosis (B, H&E stain) have been

described as criteria for malignant hepatic epithelioid hepatic angiomyolipoma, but are often
also present in tumours with benign outcome. [Colour figure can be viewed at
wileyonlinelibrary.com]
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Figure 3.
Clusters of foamy macrophages can help in the diagnosis of hepatic angiomyolipoma

(haematoxylin and eosin stain). [Colour figure can be viewed at wileyonlinelibrary.com]
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Immunohistochemistry for HMB45 (A) and smooth muscle actin (B) was positive in all
cases, confirming hepatic angiomyolipoma. [Colour figure can be viewed at

wileyonlinelibrary.com]

Figure 4.

available in PMC 2019 April 18.
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Figureb.
Diffuse staining with glutamine synthetase (GS) can be mistaken for p-catenin-activated

hepatocellular adenoma or hepatocellular carcinoma.
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Figure®6.
Negative results with immunohistochemistry for liver fatty acid binding protein (LFABP)

can mimic HNFIa-inactivated hepatocellular adenoma or hepatocellular carcinoma without
LFABP expression. [Colour figure can be viewed at wileyonlinelibrary.com]

Histopathology. Author manuscript; available in PMC 2019 April 18.


http://wileyonlinelibrary.com

Page 16

Yan et al.

‘8|qe|lene 10U ‘YN

(anog) oe T Y3 0S:T  [euojdAjod nagey weaqy  (ddwv47) uteloud Buipuig proe Aney JaarT

(anog) 0zT Y3 anipaid SYEIANH ozu3 SYENH

(anog) ot T Y3 N 9-S9  uodIWaYD (S9) eselapuAs suweIn|o

(anog) 0z T Y3 0021 LTTAD ‘W0 ofeq Anrale}

(anog) 0zzy3  anqpaid ZTHYTS eole] 8940

(aNOQ) [ensiial By ON - @Injipaid T-ws eyd)y 20197 (VINS) 8josnw yroowss eydje ‘unoy
anbiuyoel el (By) Lebnuy  uonn|ig auo|o lopusp salpoqiuy

Sure)s [ea1Wayo0IsIyouNLUWI 10) ApNis ay) Ul Pasn salpogiuy

‘Tal1qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Histopathology. Author manuscript; available in PMC 2019 April 18.



Page 17

Yan et al.

'$9S8D 9AINSOd B} Ul papn|oul aJe sased aanisod asnyig
¥

“ewodijoAwolBue “JAY ‘ewouoes fenjjsooieday ‘OOH ‘ewouspe Jejn|jsooreday ‘wOH ‘UIoe 8]9S YI0oWws “WIAIS ‘uteloid Buipuig pioe Aney JaAl| ‘g4

TN Jo sisoufelp spoddng (%00T) s9se2 9T |[e Ut aAitefaN 00T-S
TIAY 1o sisoubelp suoddng (%V6) 9T/GT Ul 8AIISOd VINS
TN Jo sisoufelp spoddng (%00T) s3se2 9T |[E Ut 9ANISOd SYEINH
uoleINw ulusyed-q uoddns jou seog (97/0) asea Aue ui Buluress Jesjonu oN ulusyea-g

DOH 10 WDH 10} UaXeISIW 37 UED ‘UOITeAIIdE. Ulualed-g s1sabbing

. (%68¢€) 9 :(%05<) anmsod asnyia (%e8) €T (%0T=) aAsod

aseIayIUAS suIWEIN|S

Author Manuscript

WOH PajeAjoRUI-DIAA/H 10} UMEISIW 87 UeD (9%00T) sased g |[e ut aAnefsN ddav41
Juswwod 1nsey umeIs
ewodijoAwolbue a11eday Ul S1INSaJ [BaIWBYI0ISIYOUNLIW|
2 8lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Histopathology. Author manuscript; available in PMC 2019 April 18.



Page 18

Yan et al.

uolreINw 8IS 21|ds 2113|[BOUOIN 0T UOXd ‘1 <OT-6¥80 ZISL Ayored  proijsynds Apueurwopaid ‘[eardAiouoln N/8
suoneINwW asuasuou pue jutod o1j3|[e-1g (+90TX1'd) ¥ uOXa '1<VY9TED 2OSL (SHry9Tad) 8€ UOXd ‘1 dNPEEBY D ZDSL asnyia  juauodwod protaynda 9605 ‘o1seydiL 4/0§
suotyelnw Jutod pue ays a1ds 13| [e-19 (©0023°d) 0z UOXd 'D<D8602 ZOS.L TZ UOX® 'V<OT + GGEZ'2 2OS1 Ayored  juauodwod piotjayrde %0 ‘o1seydiiL 4/9¢
suoneInw jutod pue ys 891|ds d13|[e-1g (90023°d) 07 UOX? ‘D<V66020 ZISL LE UOX3 ‘O<DT-£991'0 ZISL Ayored  pro1jaynda Apueuswopaid ‘jeardAjouo 4/87
suonenw Jiysawely oljd|fe-1g  (Spy6.0'd) g uoxa ‘0dnpzgee d ZOSL (S488TTd d) O€ UOXd ‘O19PZISED ZOSL asnji@  protjayuds Apueutwopald ‘fedtdAjouoin dive

ST ve) suolreInw zos 1 oltewos  Bulures so adAy jeoifojosiH - JepueDpEby

Buiouanbas uoieiauab-1xau uo paseq sewodijoAwoibue aaly ul aj1joid feuoneINiA

‘€ 9l1qeL

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Histopathology. Author manuscript; available in PMC 2019 April 18.



	Abstract
	Introduction
	Material and methods
	CASE SELECTION
	IMMUNOHISTOCHEMISTRY
	SEQUENCING OF EXON3 OF CATENIN BETA 1 (CTNNB1) GENE
	NEXT - GENERATION SEQUENCING (NGS)

	Results
	CLINICOPATHOLOGICAL FEATURES
	HISTOPATHOLOGICAL FEATURES
	IMMUNOHISTOCHEMISTRY
	SEQUENCING OF CTNNB1 GENE
	NGS

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Figure 6.
	Table 1.
	Table 2.
	Table 3.

