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Abstract

We report the third case of a renal cell carcinoma bearing a fusion of the vinculin (VCL) and 

anaplastic lymphoma kinase (ALK) genes. Like the 2 other reported cases, this neoplasm occurred 

in a young patient (6 y old) with sickle-cell trait and demonstrated distinctive morphologic 

features including medullary epicenter, discohesive polygonal or spindle-shaped cells with 

prominent cytoplasmic vacuoles, and prominent lymphocytic infiltrate. The neoplastic cells 

demonstrated focal membranous labeling for ALK protein by immunohistochemistry, ALK gene 

rearrangement by fluorescence in situ hybridization, and a specific VCL-ALK gene fusion by 

reverse transcriptase polymerase chain reaction. VCL-ALK renal cell carcinoma may represent the 

eighth sickle-cell nephropathy.
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Patients with sickle-cell trait, although largely spared of the devastating extrarenal vaso-

occlusive pathology of sickle-cell disease, suffer from a variety of insults to the kidney.1 In 

1974, Berman2 noted 6 nephropathies affecting patients with sickle-cell trait or disease 

including hematuria secondary to unilateral bleeding beneath the renal pelvic urothelium, 

Copyright © 2014 by Lippincott Williams & Wilkins

Correspondence: Pedram Argani, MD, Department of Pathology, The Johns Hopkins Hospital, Weinberg Building, Room 2242, 
401N. Broadway, Baltimore, MD 21231-2410 (pargani@jhmi.edu).. 

Conflicts of Interest and Source of Funding: The authors have disclosed that they have no significant relationships with, or financial 
interest in, any commercial companies pertaining to this article.

HHS Public Access
Author manuscript
Am J Surg Pathol. Author manuscript; available in PMC 2015 March 07.

Published in final edited form as:
Am J Surg Pathol. 2014 June ; 38(6): 858–863. doi:10.1097/PAS.0000000000000179.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



papillary necrosis, nephrotic syndrome, renal infarction, the inability to concentrate urine, 

and pyelonephritis. In 1995, Davis et al3 described a distinctive subtype of renal cell 

carcinoma, renal medullary carcinoma (RMC), that occurs almost exclusively in these 

patients and termed it the seventh sickle-cell nephropathy. RMC is a highly aggressive 

carcinoma typically centered in the renal medulla which features an infiltrative growth 

pattern associated with prominent stromal desmoplasia and inflammation. The neoplastic 

cells may have solid, reticular, tubular, or cribriform architecture and typically demonstrate 

vesicular chromatin with prominent nucleoli. The morphology overlaps with that of 

collecting duct carcinomas in adults and, in some cases, pediatric rhabdoid tumor of the 

kidney.4–14 Interestingly, like rhabdoid tumors and a subset of collecting duct carcinomas, 

RMC typically demonstrates loss of the INI-1 protein by immunohistochemistry (IHC), a 

finding almost never seen in the more common renal cell carcinoma (RCC) subtypes.15–18

In the past 3 years, several examples of RCC demonstrating chromosome translocations 

resulting in rearrangements of the anaplastic lymphoma kinase (ALK) gene have been 

reported.19–22 ALK rearrangements are known to occur in several human cancers, including 

anaplastic large cell lymphoma (ALCL),23 inflammatory myofibroblastic tumor,24,25 and a 

subset of pulmonary adenocarcinoma.26,27 Two of the ALK-rearranged RCCs have occurred 

in young patients with sickle-cell trait, and on review these separately reported cases have 

many similarities. In both cases, the ALK gene was fused to the vinculin (VCL) gene, which 

functions as an adhesion protein that couples the extracellular matrix to the actinmyosin 

cytoskeleton.28,29 Both VCL-ALK RCC cases had solid architecture and featured polygonal 

to spindle-shaped cells with vesicular nuclei and abundant eosinophilic cytoplasm with 

prominent intracytoplasmic lumina. Both VCL-ALK RCC had a prominent 

lymphoplasmacytic infiltrate. Whereas the initial case reported was classified as RCC, 

unclassified, the second case was classified as an RMC given its association with sickle-cell 

trait. Subsequently, 4 cases of RCC associated with ALK rearrangements in which VCL was 

not the partner have been reported. All 4 of these neoplasms affected adults not afficted with 

sickle-cell trait, and their morphology has not been distinctive: 3 of the neoplasms have been 

classified as variants of papillary RCC, whereas the other was considered RCC unclassified. 

Given the small number of RCC with ALK rearrangements reported in the literature, the 

2013 International Society of Urologic Pathology's 2013 Vancouver classification of renal 

neoplasia considers ALK-rearranged RCC to be a provisional new entity, with study of 

further cases required before a distinctive subtype can be accepted.30

We report herein the third case of an RCC with a VCL-ALK gene fusion. Like the other 2 

cases reported in the literature, this RCC occurred in a young patient with sickle-cell trait 

and demonstrated similar distinctive morphologic and IHC features. We suggest that RCC 

with the VCL-ALK gene fusion may be a rare but distinctive complication of sickle-cell trait 

and thus potentially be considered the eighth sickle-cell nephropathy.

MATERIALS AND METHODS

All tissue samples were fixed in neutral-buffered formalin and embedded in formalin. 

Routine IHC labeling was performed on the Benchmark XT autostainer (Ventana Medical 

Systems Inc., Tucson, AZ) using the I-View detection kit. ALK IHC was performed using 2 
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methodologies. The standard methodology in our laboratory designed to detect ALK fusion 

proteins in ALCL and inflammatory myofibroblastic tumor uses the Dako Clone ALK1 

antibody (catalog #M7195, 1:50 dilution). The more sensitive methodology designed to 

detect neoplasms with variant ALK gene fusions uses the prediluted Ventana ALK01 

antibody (catalog #790-2918).

Fluorescence in situ hybridization studies were conducted using a dual-color, break-apart 

rearrangement probe (Vysis, Downers Grove, IL). A SpectrumOrange fluorophore-labeled 

250 kbp DNA probe was hybridized to the telomeric side of the ALK breakpoint, and a 

SpectrumGreen fluorophore-labeled 300 kbp DNA probe was hybridized to the centromeric 

side of the ALK breakpoint. Unbound probe was removed by a series of washes, and the 

nuclei were counterstained with 4,6-diamidino-2-phenylindole. Hybridization of the ALK 

probes were viewed using a fluorescence microscope equipped with appropriate excitation 

and emission filters allowing visualization of the fluorescent signals. For 200 nuclei, the 

normal cutoff is <3.1% for split ALK signals.

Reverse transcriptase polymerase chain reaction (RT-PCR) and Sanger sequencing of PCR 

products were performed as previously described,20 on RNA extracted from formalin-fixed, 

paraffin-embedded tumor tissue. The following primers were designed to amplify a 

predicted 168-nucleotide-long fragment spanning the fusion site: VCL E16–68F 

(TGTGAAAGCTGCCTCTGATG) and ALK E20+60R (CGGAGCTTGCTCAGCTTGTA). 

RNA from a previously reported VCL-ALK-positive RCC was used as positive control.

CASE REPORT AND PATHOLOGIC FINDINGS

The patient is a 6-year-old African-American boy with sickle-cell trait who presented with a 

3-week history of frank hematuria and blood clots in the urine. An ultrasound revealed a 

small mass in the upper pole of the right kidney that involved the collecting system and 

renal pelvis, for which the patient underwent a right radical nephrectomy. He was disease 

free by computed tomography scan and magnetic resonance imaging after 16 months and is 

disease free on clinical examination at 19 months.

The nephrectomy specimen revealed a localized 3 cm, well-circumscribed tumor involving 

the renal pelvis. Histologic examination revealed sheets of spindled to polygonal, dis-

cohesive large cells with eosinophilic cytoplasm and indistinct cell borders but conspicuous 

intracytoplasmic vacuoles (Figs. 1A–D). Slit-like spaces separated aggregates of neoplastic 

cells. Only rare mitotic figures were identified (< 1/10 high-power fields). Nuclei were 

round to oval and vesicular with variably prominent nucleoli and occasional nuclear 

grooves. Mature lymphocytes were admixed throughout the tumor. Prominent sickled 

erythrocytes were noted within the vasculature and in thin slit-like spaces separating clusters 

of neoplastic cells. The resected perirenal lymph nodes contained rare displaced renal 

tubular epithelium associated with more abundant proteinaceous material consistent with 

Tamm-Horsfall protein (commonly seen in association with pediatric renal tumors that 

involve the medulla and obstruct lymphatic flow)31 but no evidence of metastatic disease.

By IHC, the neoplasm was positive for PAX8, focally positive for cytokeratins Cam5.2 and 

AE1/3, and negative for cathepsin K, Mart1, HMB45, p63, CD31, CD34, and desmin. p53 
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was not overexpressed. Nuclear labeling for INI-1 was intact. Epithelial membrane antigen 

accentuated the circumference of the prominent intracytoplasmic vacuoles (Fig. 1E). 

Consistent with the observed low mitotic rate, the neoplasm's Ki-67 index was relatively low 

at 5%. There was no labeling with the Dako ALK1 antibody, but Ventana ALK01 antibody 

demonstrated discrete, focal, noncircumferential ALK labeling at the cell membrane (Fig. 

1F). Fluorescence in situ hybridization demonstrated that 95% of scored nuclei showed split 

ALK signals consistent with a rearrangement involving the ALK locus on chromosome 2p23 

(Fig. 2).

RT-PCR using specific primers detected the presence of a 168-nucleotide band that 

corresponded to VCL-ALK fusion transcripts, as confirmed by direct sequencing (Fig. 3). 

The chromosomal breakpoints and the resulting fusion (VCL exon 16 to ALK exon 20) were 

the same as in the 2 previously reported cases.19,20

DISCUSSION

The ALK gene product is a receptor tyrosine kinase which is thought to mediate signal 

transduction in a regulated manner on the basis of ligand binding. In cancers, ALK fusion 

proteins generally consist of a portion of the ALK tyrosine kinase domain at the C-terminal 

end and a fusion partner at the N-terminal end. The N-terminal fusion partners generally are 

expressed at high levels and have the ability to self-oligomerize, thereby fostering close 

association and cross-activation of the ALK kinase domains. This process results in 

constitutive ligand-independent activation of the ALK tyrosine kinase. Constitutive 

activation of ALK in turn leads to unfettered activation of downstream signaling pathways 

that promote cell survival and replication, such as JAK3/STAT3, Ras/Mek/Erk, and PI3K/

AKT.32,33 Neoplasms demonstrating ALK fusion proteins include ALCL,23 which typically 

harbors an NPM-ALK gene fusion, inflammatory myofibroblastic tumor,24,25 which most 

often harbors a TPM3-ALK or TPM4-ALK gene fusion, and a subset of pulmonary 

adenocarcinomas, which preferentially affect nonsmokers, have signet ring cell 

morphology,26,27 and most commonly harbor an EML4-ALK gene fusion.

Recently, VCL-ALK gene fusions were independently reported in 2 cases of RCCs occurring 

in young patients with sickle-cell trait.19,20 In 2010, Debelenko et al19 reported a 16-year-

old African-American boy with sickle-cell trait who was found to have a 6.2 cm mass in the 

right renal collecting system causing hydro-nephrosis. Core biopsy was interpreted as 

consistent with RMC. Resection of the mass revealed a diffuse, sheet-like growth 

proliferation of discohesive, polygonal cells with round to oval vesicular nuclei, abundant 

eosinophilic cytoplasm, and prominent intracytoplasmic vacuoles. The resected neoplasm 

was diagnosed as RCC, indeterminate subtype on the basis of the unique constellation of 

histologic features. The pathologic stage was pT1N1MX. Cytogenetic studies revealed a 

complex karyotype including a t(2;10)(p23;q22) translocation with a resultant VCL-ALK 

fusion gene identified by RT-PCR and bidirectional cDNA sequencing. The patient was 

alive and well 4 months after surgery with no evidence of residual disease. Mariño-Eñquez 

et al20 shortly thereafter reported the case of a 6-year-old African-American boy with sickle-

cell trait who was found to have a 4.6 cm mass centered in the renal medulla involving the 

upper pole of the left kidney. Histologically, the tumor was similarly characterized by sheets 
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of polygonal to spindle-shaped cells with large vesicular nuclei, abundant eosinophilic 

cytoplasm, and frequent intracytoplasmic lumina. Ultra-structural examination showed that 

the intracytoplasmic lumina were lined by microvilli. The second case was classified as an 

RMC on the basis of the clinical association with sickle-cell trait. RT-PCR again identified a 

characteristic VCL-ALK gene fusion. The patient underwent a radical nephroureterectomy 

and was alive and disease free 21 months after surgery.

Subsequently, 2 groups have reported RCC associated with ALK translocations for which 

VCL was not the fusion partner. The histologic findings of these RCCs were different, 

however, from those seen in VCL-ALK RCC. Sugawara et al21 screened 355 adult RCCs for 

ALK IHC labeling using an intercalated antibody-enhanced polymer method and found that 

2.3% of non–clear cell RCCs (2 of 88 tumors tested) were positive. Subsequent studies 

showed a TPM3-ALK fusion protein and an EML4-ALK fusion protein in these RCCs. Both 

adult patients (ages 36 and 53 y) with these tumors were alive and well 2 and 7 years after 

their initial diagnoses, respectively. The TPM3-ALK RCC displayed a papillary, tubular, and 

cribriform growth pattern, whereas the EML4-ALK RCC showed areas of both papillary and 

clear cell morphology. Sukov et al22 then reported 2 adult patients (ages 61 and 59 y) with 

papillary RCC associated with ALK gene fusions and later showed that VCL was not the 

fusion partner for either of these.34 Both of these RCCs behaved aggressively, and the 

patients died of disease at 1.4 and 4 years, respectively. Importantly, in none of the non-

VCL-ALK–associated RCCs was a history of sickle-cell trait provided, and in no case were 

sickled red blood cells noted in the histologic sections.

Our case adds to the existing data regarding ALK-associated RCC and supports the 

possibility raised by Debelenko35 that VCL-ALK RCCs represent a distinctive entity. 

Distinctive features of the 3 reported VCL-ALK RCCs (including the current case) are listed 

in Table 1. Distinctive features of VCL-ALK RCC include their occurrence in young patients 

with sickle-cell trait, medullary epicenter, distinctive morphology featuring discohesive 

polygonal to spindle-shaped cells with prominent cytoplasmic vacuoles, prominent 

lymphoplasmacytic infiltrate, intact INI-1 protein, and low Ki-67 index. Debelenko et al19 

have postulated that the distinctive intracytoplasmic vacuoles may be due to the structural 

effects of the VCL-ALK fusion protein. Vinculin is a protein crucial for the structural 

integrity of the cell and acts as a bridge between integrins on the cell surface and the actin 

cytoskeleton. The N-terminal head of vinculin binds to talin, which in turn links to integrins 

on the cell surface. The tail region of vinculin binds to α-actinin, thus acting as an 

intermediary between the cytoskeleton and talin.28,29 The VCL-ALK fusion protein created 

by the fusion of VCL exon 16 to ALK exon 20 lacks the tail region of vinculin and therefore 

lacks actin-binding ability, and thus the cells are functionally VCL haploinsufficient. The 

resulting disruption of cytoskeleton integrity could potentially promote the prominent 

intracytoplasmic lumina that these tumors show histologically.19 Integrins are also crucial 

for cellular cohesion with both the extracellular matrix and neighboring cells. Disruption of 

this cytoskeletal linkage may also explain the poor intercellular cohesion seen in the VCL-

ALK RCC. These mechanisms provide a biological rationale for the concept that the 

distinctive histologic pattern found in VCL-ALK RCC is conferred by the specific biological 

properties of the vinculin component of the fusion oncoprotein. The normal multivalent 
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binding of vinculin to talin also suggests the mechanism by which ALK may become 

constitutively active in these RCCs.28 The ability of the vinculin head domains of the 

VCLALK fusion protein to bind to talin in close association may promote phosphorylation 

of the associated ALK domain leading to activation of downstream proliferation and 

survival signals. This hypothesis is in keeping with the observation that ALK 

immunolabeling was restricted directly beneath the cellular membrane in all 3 VCL-ALK 

RCCs, including the current case. Furthermore, ALK and VCL were found to colocalize 

beneath the cellular membrane in the case reported by Debelenko et al.19

Given the myriad morphologic patterns reported in RMC (including one with 

intracytoplasmic vacuoles) and the occurrence of RMC in young patients with sickle-cell 

trait, it has been proposed34 that VCL-ALK RCC might represent a subtype of RMC. 

However, several features distinguish VCL-ALK RCC from classic RMC. First, INI-1 

protein is intact in VCL-ALK RCC and consistently lost in RMC. Second, RMCs are high-

grade cancers characterized by an extremely high mitotic rate and Ki-67 proliferation index, 

whereas proliferative activity of the VCL-ALK RCC is relatively low. In a series of 14 

RMCs, the median Ki-67 labeling was 87.5%.36 Conversely, the Ki-67 index was 5% in the 

case of VCL-ALK RCC reported by Debelenko and colleagues and 5% in our case. Two 

classic RMC comparison cases in the report by Debelenko et al19 showed 60% and 80% 

proliferation indices. Although follow-up is limited, none of the VCL-ALK RCCs have 

recurred, which contrasts with the 15-week mean survival from RMC.3 As Marinño-

Eñríquez et al20 have indicated, it would be of interest to examine classic RMC for ALK 

rearrangements.

Identification of ALK-translocation RCC may have potential therapeutic implications. An 

ALK fusion protein inhibitor (crizotinib) was recently approved by the United States Food 

and Drug Administration for the subset of adenocarcinoma of the lung harboring an EML4-

ALK fusion protein. Clinical trials showed a partial or complete tumor response in 57% of 

patients receiving the drug and stabilized disease in 33% of patients. This is compared with 

a 10% response rate in patients receiving conventional chemotherapy.37 It may be possible 

that ALK-translocation renal carcinomas may similarly benefit from targeted therapeutics, 

underscoring the importance of their recognition by surgical pathologists.
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FIGURE 1. 
Morphology of VCL-ALK RCC. The neoplasm is fairly well delineated and consists of a 

sheet-like proliferation of polygonal cells (A and B) with areas of spindling (C). Many of the 

cells have prominent intracytoplasmic vacuoles (D), which are highlighted on IHC for 

epithelial membrane antigen (E). F, Immunostaining for ALK showing discrete localization 

beneath the cell membrane.
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FIGURE 2. 
FISH analysis of a representative tissue section of the neoplasm using an ALK dual-color 

break-apart probe set demonstrates split orange and green signals in the tumor nuclei 

indicative of a rearrangement of the ALK gene locus as well as juxtaposed or fused orange 

and green signals corresponding to a nonrearranged ALK locus.

Smith et al. Page 10

Am J Surg Pathol. Author manuscript; available in PMC 2015 March 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 3. 
Sequencing trace of the VCL-ALK RT-PCR product, confirming an in-frame fusion of VCL 

exon 16 with ALK exon 20 (forward sequence is shown).
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TABLE 1

Distinctive Features of VCL-ALK RCC

Occurrence in sickle-cell trait

Young age (mean 9.3 y)

Epicenter in renal medulla

Polygonal to spindle-shaped cells with cytoplasmic vacuoles

Prominent intratumoral lymphocytic infiltrate

Intact INI-1

Low Ki-67 index
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