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Abstract: Angiomyolipoma with epithelial cysts (AMLEC), or cystic AML, is a recently characterized, distinctive cystic 
subtype of AML of the kidney. To date, less than two dozen of such case have been reported. Herein, we reported a 
prototypical case of AMLEC occurring in a 41-year-old female patient who presented with left low back pain for one 
month. Abdominal computed tomograph scan demonstrated a well-demarcated, 2.5-cm complex cystic mass in the 
mid-pole of left kidney which abutted renal capsule and protruded into perirenal fat. Laparoscopic tumorectomy 
was performed. Histologically, the tumor was composed of three components. The first component was multiple 
cysts lined by cuboidal to columnar epithelial cells. The second component was a compact layer of subepithelial 
“cambium-like” condensation composed of short-spindled to small round stromal cells. The third component was 
a thick exterior wall of plump smooth muscle cells that arranged in poorly formed fascicles, appearing to emanate 
from thick-walled, dysplastic blood vessels. Immunohistochemically, the subepithelial stromal cells showed strong 
and diffuse reactivity to antibodies against HMB45, melan A and CD10, and patchy reaction to antibodies against 
smooth muscle actin (SMA) and desmin. The exterior smooth muscle cells strongly and diffusely expressed SMA 
and desmin and occasionally expressed HMB45, melan-A and CD10. Both subepithelial stroma and exterior smooth 
muscle cells showed strong and diffuse nuclear labeling for ER and PR. The epithelium lining the cystic spaces la-
beled strongly with PAX8, AE1/AE3 and CK7, but not with melanocytic markers or hormone receptors. The patient 
has been alive with no evidence of disease for 8 months postoperatively. We summarize the clinicopathologic fea-
tures of this usual variant of AML with an emphasis on differential diagnosis based on literature review.   
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Background

Renal angiomyolipoma (AML) is a mesenchy-
mal neoplasm composed of variable propor-
tions of dysmorphic blood vessels, spindle  
and epithelioid smooth muscle-like cells, and 
mature adipose tissue [1]. Although regarded 
initially as a hamartomatous nonneoplastic 
overgrowth of native renal tissues, AML has 
currently been shown to be a true neoplasm 
[2]. There is a growing body of literature indicat-
ing that AML demonstrates perivascular epithe-
lioid cell (PEC) differentiation and therefore 
belongs to the PEComa tumor family, which 
also includes lymphangiomyomatosis, clear 
cell “sugar” tumor of the lung and pancreas, 

and a group of rare, morphologically, and immu-
nohistochemically similar lesions seen in other 
sites [3, 4]. Several histologic subtypes have 
been described in renal AML including those 
showing predominance of one of the three com-
ponents, such as muscle predominant-AML, 
adipose predominent-AML and vessels pre-
dominant-AML, as well as those showing abun-
dant inflammatory infiltration and prominent 
epitheliod cell morphology, named inflammato-
ry subtype and epithelioid subtype, respectively 
[5-7]. Recently, an unusual cystic variant of 
renal AML characterized by smooth muscle-pre-
dominent AML with epithelial cysts formation 
has been recognized and was termed angio-
myolipoma with epithelial cysts (AMLEC) by Fine 
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and colleagues [8] or cystic angiomyolipoma by 
Davis and colleagues [9] in 2006. From then 
on, less than two dozen of this AML subtype 
have been documented in the English language 
literature to date [10-14]. Because most renal 
AMLs are solid tumors both grossly and micro-
scopically, they generally do not enter into the 
differential diagnosis of adult cystic renal neo-
plasms. However, AMLEC may significantly ca- 
use diagnostic confusions with adult cystic 
renal neoplasms that include mixed epithelial 
and stromal tumor (MEST), cystic nephroma 
(CN), synovial sarcoma (SS) [15] and renal  
angiomyoadenomatous tumor (RAT) [16]. We 
report herein a further example of AMLEC and 
summarize the clinicopathologic features of 
this unusual variant of AML with an emphasis 
on differential diagnosis based on literature 
review. 

Case presentation

In October 2013, a 41-year-old female patient 
was incidentally found to have a small left-kid-
ney mass on abdominal ultrasonography for 
routine medical examination at an outside hos-
pital. She was asymptomatic without any treat-
ment of the mass. One year later the occur-
rence of left low back pain which persisted for 
one month led the patient to seek assistance in 
our hospital for urologic surgery. She had no 
personal or family history of the tuberous scle-
rosis complex (TSC), renal cyst, renal malig-
nance, or estrogen hormonal exposure. The 
abdominal computed tomograph (CT) scan 
demonstrated a well-demarcated, 2.5-cm com-
plex cystic mass in the mid-pole of left kidney 
that abutted renal capsule and protruded into 
perirenal fat without penetration into the under-

Figure 1. Renal angiomyolipoma with epithelial cysts (AMLEC) consisted of three components: (A, B) (1) epithelial 
cysts lined by cuboidal to hobnail cells; (2) a compact subepithelial “cambium-like” layer of cellular, Mullerian-like 
stroma; and (3) muscle-predominant AML with associated thick-walled, dysmorphic blood vessels (C) exterior to the 
cellular subepithelial stroma. (D) Areas showed that the smooth muscle bundles were dissected by branching and 
curvilinear spaces, yielding a strong resemblance to lymphangiomyomatosis. 
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lying intrarenal cortex, otherwise the contralat-
eral kidney was unremarkable. The radiological 
impression favored a benign lesion but could 

not exclude the possibility of a cystic renal cell 
carcinoma (RCC). Thus, the woman underwent 
a right laparoscopic tumorectomy. Both the 

Figure 2. Immunohistochemically, the subepithelial “cambium-like” stromal cells showed strong and diffuse reac-
tion to antibodies against HMB45 (A), melan A, and CD10 (B), and patchy reaction to antibodies against SMA (C) and 
desmin. The exterior smooth muscle cells strongly and diffusely expressed SMA (C) and desmin and occasionally 
expressed HMB45 (A), melan-A and CD10 (B). Both subepithelial stroma and exterior smooth muscle cells showed 
strong, diffuse nuclear labeling for ER (D) and PR (E). The epithelium lining the cystic spaces expressed strongly 
PAX8 (F).
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intraoperative impression and the postopera-
tive CT scan confirmed that gross-total tumor 
resection had been achieved. Her recovery was 
uneventful, and there was no evidence of local 
recurrence or metastasis from the tumor 8 
months after surgery.

Materials and methods

The resection specimen was fixed in 10% buff-
ered formalin. Tissue sections were routinely 
processed and stained with hematoxylin and 
eosin. Immunohistochemical analysis was per-
formed using avidin-biotin-complex immuno-
peroxidase technique with a panel of commer-
cially available primary antibodies to the foll- 
owing antigens: cytokeratin AE1/AE3 (AE1/3, 
Dako), cytokeratin 7 (CK7) (OV-TL12/30, Dako), 
CD10 (56C6, Dako), renal cell carcinoma mark-
er (RCCma) (gp200, Dako), PAX8 (polyclonal, 
Proteintech), inhibin-α (R1, Dako), D2-40 (D2-
40, Dako), smooth muscle actin (SMA) (1A4, 
Dako), desmin (D33, Dako), estrogen receptor 
(SP1, Dako), progesterone receptor (PgR 636, 
Dako), melan-A (A103, Dako), HMB45 (HMB45, 
Dako) and Ki67 (MIB-1, Dako). Appropriate pos-
itive and negative controls were run concur-
rently for all the markers tested.  

Results

Grossly, the resected specimen was composed 
of multiple grey to yellow, cystic tissue frag-
ments measuring 3.0 cm in aggregate greatest 
dimension, with the largest cyst measuring up 
to 0.9 cm. The entire tumor was submitted for 
histological assessment. Microscopic examina-
tion revealed no normal renal parenchymal 
structures present within the lesion; the tumor 
was composed of three components (Figure 
1A-D). The first component was multiple cysts 
lined by cuboidal to columnar epithelial cells 
that contained moderate pale-to-eosinophilic 
cytoplasm and bland nuclei. The second com-
ponent was a compact layer of subepithelial 
“cambium-like” condensation composed of sh- 
ort-spindled to small round stromal cells with 
indistinct cytoplasm. The third component was 
a thick exterior wall of plump smooth muscle 
cells with eosinophilic to focally clear cytoplasm 
that arranged in poorly formed fascicles, often 
appearing to emanate from thick-walled, dys-
plastic and tortuous blood vessels. Areas 
showed that the smooth muscle bundles were 
dissected by branching and curvilinear spaces, 

yielding a strong resemblance to lymphangio-
myomatosis. The third component was typical 
of muscle-predominent AML. There were no fat 
tissues present within the lesion. 

Immunohistochemically, the subepithelial “ca- 
mbium-like” stromal cells showed strong and 
diffuse reaction to antibodies against HMB45 
(Figure 2A), melan A and CD10 (Figure 2B), 
patchy reaction to antibodies against SMA  
and desmin. The exterior smooth muscle cells 
showed reverse immunoreactive pattern to th- 
at of subepithelial “cambium-like” stromal cells, 
they strongly and diffusely expressed SMA 
(Figure 2C) and desmin, and occasionally ex- 
pressed HMB45, melan-A and CD10. Both sub-
epithelial stroma and exterior muscle-predomi-
nent AML showed strong and diffuse nuclear 
labeling for ER (Figure 2D) and PR (Figure 2E). 
The epithelium lining the cystic spaces labeled 
strongly with PAX8 (Figure 2F), AE1/AE3 and 
CK7, but not with melanocytic markers (HMB45 
and Melan A) or hormone receptors (ER and 
PR). D2-40 labeled the branching and curvilin-
ear spaces between the smooth muscle bun-
dles thus confirmed there lymphatic nature. 
Ki67 labeled less than 1% lesional cells. 
Inhibin-α and RCCma did not label any of the 
elements of the tumor. 

Discussion

Renal AMLs that demonstrate cystic change of 
various degree usually due to tumor necrosis or 
intralesional hemorrhage, is not uncommon, 
particularly for those larger tumors. However, 
AMLs with true cysts formation defined by epi-
thelial cells lining the cystic spaces are rare and 
only have occasionally been mentioned in the 
literature, as they were initially reported by Fine 
et al. [8] and Davis et al. [9] in 2006. AMLEC 
has recently been officially recognized as a dis-
tinct cystic subtype of AML by International 
Society of Urological Pathology (ISUP) Vancou- 
ver Classification of Renal Neoplasia in 2012 
[17].

Clinically, AMLECs usually present as slow-
growing, asymptomatic, partially cystic masses 
and are detected incidentally by radiograph- 
ic investigations for other unrelated reasons. 
However, larger tumors may present as nonspe-
cific urologic symptoms such as flank pain and 
gross hematuria. AMLECs display a female pre-
dominance affecting female population twice 
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as frequently as male population, patients typi-
cally have no history of estrogen hormonal 
exposure [8, 9, 11]. It is well known that AMLs 
occur both in the setting of TSC and sporadi-
cally, and the occurrence of bilateral or multiple 
AMLs has been considered presumptive evi-
dence of TSC. Although most AMLECs occur 
without the background of TSC, a recent study 
by Adyin et al. [4] suggested that TSC associat-
ed AMLs showed much more frequently epithe-
lial cysts histology corresponding to AMLEC 
than non-TSC associated AMLs, thus, identifi-
cation of epithelial cysts in AMLs should raise 
the suspicion for TSC in these patients.

Histologically, AMLECs have characteristic fea-
tures and consist of three components: (1) epi-
thelial cysts lined by cuboidal to hobnail cells; 
(2) a compact subepithelial “cambium-like” 
layer of cellular, Mullerian-like AML stroma with 
prominent admixed chronic inflammation; and 
(3) muscle-predominant AML with associated 
dysmorphic blood vessels exterior to the ce- 
llular subepithelial stroma. Immunohistoche- 
mically, the tumor labels with HMB-45 and 
melan-A most intensely in the cellular subepi-
thelial stroma, whereas expression of smooth 
muscle actin and desmin demonstrates the 
opposite pattern, with greatest intensity in the 
peripheral muscle-predominant AML areas. 
Immunoreactivity for ER, PR and CD10 shows 
the strongest and most diffusely staining in the 
subepithelial AML cells. Epithelial cells were 
labeled diffusely with PAX2/8 but not with 
melanocytic markers or hormone receptors 
[17].

With regard to differential diagnosis, AMLEC 
should be distinguished from a variety of adult 
cystic renal neoplasms that feature both epi-
thelial cysts and stromal components, which 
include MEST, CN, SS and RAT. MEST, previ-
ously classified as cystic hamartomas of the 
renal pelvis, adult mesoblastic nephroma, or 
renal pelvic hamartomas, is the entity most 
closely overlaps with AMLEC [14, 18, 19]. His- 
tologically, both lesions are composed of cys- 
tic epithelial and mesenchymal components in 
variable distribution, the stroma of both tumors 
can contain mullerian-type element and smoo- 
th muscle fibers. Furthermore, by immunohisto-
chemical analysis, the stroma of both tumors 
expresses SMA, desmin, ER, and PR. However, 
several differences between MEST and AMLEC 
are apparent on the basis of the published case 

studies. Clinically, MEST occurs predominantly 
in females with patients often having a long-
term history of estrogen exposure before the 
tumor is detected [19]. This clinical picture is 
dissimilar to that of AMLEC which shows only a 
slight female predilection, with none patient 
having a significant history of exogenous hor-
mone exposure. Histologically, in contrast to 
the lining epithelia of AMLEC which usually dis-
play a single layer of flat, low cuboidal, or hob-
nail cells, the epithelial elements of MEST can 
demonstrate a complex architecture of glands, 
tubules, cysts and papillae that are lined by flat-
ted, cuboidal, columnar cells, urothelium, and 
rarely ciliated cells [17]. The smooth muscle 
fibers of MEST have deeply eosinophilic cyto-
plasm and usually arrange in well-formed fas-
cicles, contrasting to those of AMLEC which 
have more epithelioid and clear cytoplasm and 
typically form less well-developed fascicles dis-
sected by lymphatic channels [9]. Finally, the 
vessels of MEST do not show the dysplastic 
features of those of AMLEC, such as variable 
thickness and disorganization. Importantly, the 
most distinctive feature of AMLEC to distin-
guish from MEST, is immunostaining with mela-
nocytic markers HMB-45, Melan A, or Cathepsin 
K [20]. CN may possess cuboidal or hobnail 
epithelium lining similar to that in AMLEC; how-
ever, it occurs predominantly in females, and is 
generally characterized by thin septa with hypo-
cellular ovarian-type stroma and lacks the thick 
muscular wall vessels seen in AMLEC [8]. In 
fact, CN and MEST are considered as variations 
of the same lesion by 2012 ISUP Vancouver 
Classification [17], due to their significant simi-
larities in clinicopathologic and genetic fea-
tures [19]. 

Other adult cystic renal tumors that may enter 
into the differential diagnosis of AMLEC are pri-
mary renal SS [15] and RAT [16]. Both tumors 
contain cystic epithelium and spindle-shaped 
or smooth muscle-like stroma causing diagnos-
tic confusions with AMLEC, particularly if pro-
vided with a tiny of needle biopsy materials. 
However, these tumors will be ready excluded if 
careful attention is drawn to the characteristic 
morphologic features of AMLEC, together with 
the aid of immunohistochemical stain to con-
firm its melanocytic differentiation.

The histogenesis of AMLEC is unclear. The mul-
lerian-like stroma in AMLEC has been postulat-
ed to be due to the embryological proximity 
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between the urinary and genital systems [8]. 
The mullerian histomorphology and peculiar 
immunohistochemical profile (HMB45+, Me- 
lan-A+, ER+, PR+, and CD10+) of the subepithe-
lial stromal cells suggest both mullerian and 
melanocytic differentiation of PECs in AMLEC. 
This observation of dual differentiation is not 
unprecedented in AML, since the smooth mus-
cle cells of AMLs are known to have both mela-
nocytic and muscular features. The minimal 
immunoreactivity for muscle markers in this 
subepithelial zone suggests that these cells 
have lost some of their muscular phenotype 
while developing a mullerian phenotype [8]. 
Whether the epithelial cysts within AMLEC rep-
resent entrapped renal tubules or a constitu-
tive part of the tumor is controversial. Some 
investigators favored the former view [8] while 
others favored the latter [9, 11, 14]. However, a 
recent study by Karafin et al. [21] showed that 
the lining epithelia in AMLEC expressed PAX2 
and PAX8 but not ER or PR, as our case has 
illustrated, this finding together with their prior 
study of the morphologic similarities between 
cystic epithelium of AMLEC and distal convo-
luted tubule promoted these authors to sug-
gest that the epithelial cysts of AMLEC repre-
sent entrapped distal renal tubules that under-
go cystic transformation due to irritation of 
undetermined local factors.  

Conclusion

In summary, AMLEC should be routinely includ-
ed in the differential diagnostic considerations 
for adult cystic renal neoplasms that feature 
both epithelial cysts and mesenchymal compo-
nents, which include MEST/CN, SS and RAT. 
Careful attention should be drawn by surgical 
pathologists to the characteristic morphologic 
features of AMLEC, together with the aid of 
immunohistochemical staining to confirm its 
melanocytic differentiation, to avoid misdiag- 
nosis. 
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