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with protrusion of the middle lobe into 
the bladder. The ultrasound also demon-
strated multiple hypoechogenic lesions in 
the liver. Abdominal computed tomogra-
phy confirmed the presence of the hepatic 
lesions which were enhanced by contrast 
dye, and also revealed a hypodense mass 
with diameter of 20 mm and 70 Hounsfield 
units in the tail of the pancreas. Biopsy of 
one of the liver masses showed tumor cells 
compatible with metastatic adenocarci-
noma. The cells stained positive for CK7 
and MNF116, and negative for prostatic 
specific antigen (PSA), TTF1 and CK20. 
They were also negative for neuroendo-
crine markers (chromogranin, synaptophy-
sin, neuron-specific enolase) as well as for 
CDX2 and CEA. An attempted biopsy of 
the pancreatic mass yielded inadequate tis-
sue. Based on these results, the origin of the 
carcinoma could not be determined. The 
patient refused chemotherapy. In January 
2013, transrectal ultrasound and prostatic 
biopsy were performed. Peak PSA blood 
level reached 9.0 ng/ml. The biopsy showed 
prostatic adenocarcinoma, Gleason score 
7(3+4) present in five of six cores involv-
ing 35% of core tissue. Treatment with the 
luteinizing hormone blocker buserelin was 
started, resulting in a reduction of PSA to 
0.05 ng/ml but no regression of metastases.

On his current admission, the patient 
appeared well, blood pressure was 140/80 
(on treatment), and a mass was palpable 
in the left lobe of the liver. Laboratory data 
showed hemoglobin 9.0 g/dl, creatinine 3.8 
mg/dl, calcium 9.1 mg/dl, phosphorus 4.2 
mg/dl, total protein 6.5 g/dl with albumin 
3.1 g/dl, alkaline phosphatase 115 U/L 
(range 30–120), aspartate aminotransferase 
26 U/L, alanine aminotransferase 10 U/L, 

C ast nephropathy, previously named 
myeloma kidney, refers to either acute  

or chronic kidney injury produced by mono- 
clonal urinary immunoglobulin light chains 
(Bence-Jones proteins). The characteris-
tic renal histological appearance shows 
fractionated, eosinophilic intratubular 
casts surrounded by a giant cell reaction. 
Although this histological picture is virtu-
ally diagnostic of myeloma or plasma cell 
dyscrasia, it has rarely been described in 
conditions other than multiple myeloma. 
Specifically, such an appearance has been 
published in association with heavy albu-
minuria [1] and pancreatic and thyroid 
malignancies [2-4]. We report a case of 
typical cast nephropathy in a patient with 
diffuse metastatic adenocarcinoma of 
unknown origin in the absence of any 
monoclonal gammopathy.

PATIENT DESCRIPTION
A 79 year old Caucasian male was admit-
ted in November 2013 for the investiga-
tion of rapidly progressive renal failure, 
serum creatinine having increased from a 
basal level of 1.0 to 2.0 mg/dl and within 
a month to 3.8 mg/dl. Two years previ-
ously, renal sonography showed two kid-
neys of normal size and structure without 
hydronephrosis and an enlarged prostate 

gammaglutamyl transferase 100 (7–49) 
U/L, and lactate dehydogenase 871 U/L 
(230–460). Tumor marker CA 19-9 was 
elevated at 249 U/ml.

Serum antinuclear antibody, comple-
ment C3, C4, cytoplasmic antineutrophil 
cytoplasmic antibodies (c-ANCA), periph-
eral-ANCA, quantitative immunoglobulin 
(Ig), IgG4, HBsAg, hepatitis C virus and 
human immunodeficiency virus were all 
negative or within normal limits. Serum 
electrophoresis and immunofixation was 
normal without any demonstrable mono-
clonal peak. Free light chain assay showed 
kappa 88 mg/L (3.3–19.4) and lambda 91.2 
mg/L (5.7–26.3), with a normal kappa/
lambda ratio of 0.96 (0.26–1.65). Bone 
marrow examination was normal regard-
ing all three blood lines with no atypical 
plasma cells.

Urine 24 hour protein collection yielded 
5 g of protein per day; albumin/creatinine 
ratio was 731 µg/mg and creatinine 1735 
mg/day. Bence-Jones proteinuria was nega-
tive.

A repeat renal sonography showed the 
kidneys to be of normal size and structure 
with mildly hyperechogenic parenchyma 
and no hydronephrosis. Renal biopsy 
was performed. On light microscopy 
there were 20 glomeruli, 3 of which 
were totally hyalinized. The remainder 
showed a mildly increased thickness of 
the glomerular basement membrane 
(GBM) and mild focal mesangial prolif-
eration. The interstitium was studded by 
many foci of both an acute and chronic 
inflammatory infiltrate. There were many 
intratubular fractionated eosinophilic 
casts surrounded by macrophages and 
a giant cell reaction [Figure 1 A & B]. 
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Immunohistochemically, these cells 
stained positively for CD68 [Figure 
1C] and myeloperoxidase [Figure 1D]. 
Immunofluorescence was essentially neg-
ative with non-specific lambda and kappa 
staining of the casts. Electron microscopy 
demonstrated widespread effacement of 
visceral epithelial cell foot processes in 
keeping with the presence of nephrotic 

range proteinuria. The GBM was of nor-
mal appearance with no electron dense 
deposits. Tubular cells were seen to con-
tain crystal-like structures situated within 
lysosomes [Figure 1E]. In addition, within 
the cytoplasm of these cells were irregular 
foci of fibrillar material (size not compat-
ible with amyloid) some of which were 
surrounded by a membrane [Figure 1F]. 

COMMENT
Our patient presented with rapidly dete-
riorating renal function in the context 
of diffuse metastatic adenocarcinoma of 
unknown origin. Although it is tempting 
to assume that the biopsy-proven car-
cinoma of the prostate was the primary 
tumor, immunostaining of the hepatic 
metastasis did not support this conjecture 
nor did the failure of regression of lesions 
on buserelin treatment. The most obvious 
cause of renal failure in such a setting is 
obstructive uropathy. However, repeated 
imaging modalities in a normovolemic 
state did not demonstrate any dilatation of 
the urinary tract.

Renal biopsy was distinct as it showed 
the characteristic features of cast nephro-
pathy. The term, cast nephropathy, is 
typically indicative of multiple myeloma 
or plasma cell dyscrasia as it is monoclonal 
urinary immunoglobulin light chains that 
produce the renal injury. Light chains pre-
cipitate in the distal and collecting tubules 
in conjunction with Tamm-Horsfall muco-
protein (uromodulin) which constitutes 
the matrix of all urinary casts. The binding 
and precipitation result in the formation 
of obstructing intratubular casts which 
may trigger a giant cell reaction and lead 
to interstitial inflammation and fibrosis. 
Hypovolemia is an established contrib-
uting factor to cast nephropathy. Other 
important determinants of the ability of a 
particular light chain to form intratubular 
casts are the affinity of its binding to uro-
modulin and its isoelectric point. 

Although cast nephropathy is almost 
pathognomonic of myeloma, the histo-
logical picture has rarely been described 
in association with conditions lacking 
the presence of monoclonal light chains. 
Among these are heavy albuminuria and 
notably pancreatic and thyroid malignan-
cies [1-3]. Min et al. [1] reported a case 
of acinar cell carcinoma of the pancreas 
and myeloma-like lesions of the kidney in 
which serum electrophoresis was normal. 
A remarkably similar case was described by 
Reducka and colleagues [4]. In that case, the 
protein electrophoretic patterns of a frozen 

[A,B] Renal biopsy, light microscopy, showing intratubular fractionated eosinophilic casts 
(arrowhead) surrounded by macrophages and a giant cell reaction (arrow).  
[C,D] Immunohistochemical staining of the same biopsy showing positive staining for 
myeloperoxidase (C) and for CD68 (D) (both specific for macrophages). [E] Electron 
microscopy showing bizarre crystal-like structures within tubular cell lysosomes.  
[F] Electron microscopy showing foci of fibrillar material (asterisk) within these tubular cells
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extract of tumor (acinar cell carcinoma) 
and kidney were different from those of a 
normal pancreas and kidney. However, a 
common morphologic association between 
the pancreatic neoplasm and renal tubular 
casts could not be found. Hobbs et al. [2] 
published a case of ductal adenocarci-
noma of the pancreas and cast formation 
in which the urine concentrate and tumor 
extract had identical electrophoretic bands. 
Notably, the ultrastructural examination 
of the acinic cell tumor in Reducka’s case 
revealed zymogen granules of variable size 
and dense bundles of tightly packed kera-
tin filaments. In Min’s case report, fibrillar 
cytoplasmic inclusions consisting of parallel 
stacks of microtubules were described. In a 
clinicopathologic review of acinar cell carci-
noma of the pancreas by Klimstra et al. [5], 
in many of the tumors electron microscopy 
showed cytoplasmic pleomorphic granules 
often of bizarre shapes which contained 
parallel arrays of electron dense filamentous 
material. These findings are remarkably 

similar to those demonstrated in our case. 
Although pancreatic adenocarcinoma 

was considered the primary tumor in our 
patient, this could not be determined with 
certainty. Furthermore, the rather long sur-
vival of our patient with diffuse metastases 
is at odds with this diagnosis. In view of the 
above, it appears that under certain condi-
tions, cast formation might be related to the 
filtration and deposition of an abnormal 
protein produced by the tumor, in particular 
pancreatic tumors. This pathogenic mecha-
nism also appears to have been the case in 
our patient. 

The positive immunofluorescence stain-
ing for both lambda and kappa light chains 
in our patient probably reflects the presence 
of polyclonal light chains in this nephrotic 
urine. 

This case serves to highlight the fact that 
myeloma-like cast nephropathy may occur 
in association with malignancies other than 
plasma cell dyscrasias. In the absence of the 
usual clinical and laboratory parameters of 

plasma cell dyscrasia, cast nephropathy 
does not necessarily denote myeloma.
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The nervous system is vulnerable to perturbations during 
specific developmental periods. Insults during such sus- 
ceptible time windows can have long-term consequences, 
including the development of neurological diseases such as 
epilepsy. Marguet et al. report that a pharmacological inter- 
vention timed during a vulnerable neonatal period of cortical 
development prevents pathology in a genetic epilepsy 
model. By using mice with dysfunctional Kv7 voltage-gated 
K+ channels, which are mutated in human neonatal epilepsy 
syndromes, they demonstrated the safety and efficacy of the 
sodium-potassium-chloride co-transporter NKCC1 antagonist 
bumetanide, which was administered during the first two 

postnatal weeks. In Kv7 current-deficient mice, which normally 
display epilepsy, hyperactivity and stereotypies as adults, 
transient bumetanide treatment normalized neonatal in vivo 
cortical network and hippocampal neuronal activity, prevented 
structural damage in the hippocampus, and restored wild-
type adult behavioral phenotypes. Furthermore, bumetanide 
treatment did not adversely affect control mice. These results 
suggest that in individuals with disease susceptibility, timing 
prophylactically safe interventions to specific windows during 
development may prevent or arrest disease progression. 

Nature Med 2015; 21: 1436
Eitan Israeli

Capsule

Treatment during a vulnerable developmental period rescues a genetic epilepsy

“The mind is its own place, and in itself
Can make a heaven of hell, a hell of heaven”

John Milton (1608-1674), English poet, polemicist, man of letters, and a civil servant under Oliver Cromwell. He wrote at a time of 
religious flux and political upheaval, and is best known for his epic poem Paradise Lost. Milton’s poetry and prose reflect deep  

personal convictions, a passion for freedom and self-determination, and the urgent issues and political turbulence of his day

“If you want a symbolic gesture, don’t burn the flag, wash it”
Norman Thomas (1884-1968), American Presbyterian minister who achieved fame as a socialist, pacifist, and six-time presidential 

candidate for the Socialist Party of America




