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Abstract

Heavy-chain deposition disease (HCDD) is the least common of the monoclonal immunoglobulin
deposition diseases with only 24 reported cases in English literature, including the present case.
The rarity of this disease merits its documentation. We present a case of HCDD from our archival
material, who presented with rapidly progressive renal failure and nephrotic syndrome and was
found to have nodular glomerulosclerosis on renal biopsy which on immunofluorescence and
electron microscopy confirmed HCDD of immunoglobulin G1 type without any light-chain depo-
sition. We also present an in-depth literature review on HCDD.
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Introduction

Heavy-chain deposition disease (HCDD) is the least
common non-organized monoclonal immunoglobulin
deposition disease (MIDD), with only 23 documented
cases in world literature to date. The existence of this
entity was postulated for many years until the first case
was reported by Tubbs et al. [1] in 1982 followed by
another report by Aucouturier et al. [2] in 1993. Unlike
the more common light chain immunoglobulin depo-
sition disease, an association of multiple myeloma or
plasma cell dyscrasias with HCDD is less common, with
only 7 of 23 (30%) reported cases being associated with
development of demonstrable monoclonal plasmacyto-
sis. Nodular glomerulosclerosis is the classic glomerular
pattern of injury of all monoclonal immunoglobulin dis-
orders, and the disease (though suspected on light
microscopy) can be conclusively diagnosed only by an ex-
tended panel of immunofluorescence that includes anti-
bodies against heavy-chain isotypes and heavy-chain
constant domains. y heavy-chain deposition is the most
common among these; however, deposition of o- [3, 4]
and p- [5, 6] heavy chains is also reported.

Materials and methods

A single case of HCDD was identified from the archives of
the Department of Histopathology, PGIMER, Chandigarh,
India, during a 5-year period from 2007 to 2011. During
this time, there were 5536 native and allograft kidney
biopsies, among which there were 12 cases of light-chain
deposition disease (LCDD). All cases were studied by light

microscopy, immunofluorescence microscopy and trans-
mission electron microscopy. A literature search on
Pubmed showed 23 previously reported cases of HCDD.

Case

The present case was a 72-year-old woman, who pre-
sented with progressively increasing shortness of breath
of 1-year duration associated with anasarca and inter-
mittent fever with chills of 6-month duration and de-
creased urine output of 1-month duration. The patient
was diagnosed with hypertension 6 months previously
and was maintained on an alpha blocker (prazosin).
There was no cough, jaundice or gastrointestinal symp-
toms. General physical examination showed pallor with
anasarca and pitting edema, with a pulse of 94 bpm,
blood pressure of 130/90 mm of mercury and respiratory
rate of 18 breaths per minute. Systemic examination re-
vealed pleural effusion, ascites and mild pericardial effu-
sion. Pleural fluid analysis revealed a transudative fluid
with SPAG of 1.9, sugar of 7.78 mmol/L (140 mg/dL) and
adenosine deaminase levels of 7 U/L. Laboratory workup
revealed abnormal renal function with serum BUN of
15.7 mmol/L (44 mg/dL) and creatinine of 167.96 pmol/L
(1.9 mg/dL). Urine examination revealed nephrotic-range
proteinuria and 30-35 white blood cells/high power field
magnification. There were no dysmorphic red blood cells.
Bence Jones proteins were absent. Twenty-four-hour
urine proteins were 1.8 g/total volume (260 mL). Her
serum protein was 51 g/L (5.1 g/dL) with serum albumin
of 24 g/L (2.4 g/dL). Ultrasound examination revealed
normal-sized kidneys (right kidney 10.5cm and left
kidney 9.5 cm) with normal echotexture along with mild
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hepatomegally. Hemogram showed a hemoglobin of 62
g/L (6.2 g/dL), total leukocyte count of 10x 10%/L with a
normal differential count and platelets of 1.51x 10%/L. A
review of her previous records revealed persistently low
hemoglobin for which she was given two units of blood
transfusion and also given erythropoietin twice weekly
for 2 months prior to being referred to our center. Fasting
and post-prandial blood sugars were within normal
limits. Liver function tests were within normal limits and
coagulation workup revealed a prothrombin index of
100%. Lipid profile showed a serum cholesterol of 3.34
mmol/L (129 mg/dL), triglycerides of 1.07 mmol/L (95
mg/dL), high-density lipoprotein of 0.8 mmol/L (31 mg/
dL) and low-density lipoprotein of 1.66 mmol/L (64 mg/
dL). Anti-nuclear antibody was strongly positive with a
diffuse pattern. Abdominal fat pad biopsy for amyloid
was negative and serum electrophoresis did not show an
‘M-band’. Urine electrophoresis showed a band in the
albumin region and a faint band in the B region without
any ‘M-band’. Human immunodeficiency virus, hepatitis B
surface antigen and anti-hepatitis C virus antibodies were
negative.

The renal biopsy performed showed nodular glomeru-
losclerosis and on immunofluorescence it showed strong
positivity for polyclonal antibody against immunoglobulin
G (IgG) without any positivity for light chains in the glo-
merular capillary walls, mesangium, Bowman’s capsule,
tubular basement membrane and blood vessels. Further
immunofluorescence examination for IgG heavy-chain
subtypes (IgG1-IgG4) showed positivity only for IgGl.
Transmission electron microscopy showed powdery elec-
tron dense deposits in the lamina rara interna of the glo-
merular basement membrane, mesangium, tubules and
blood vessels.

Bone marrow examination revealed 8% plasma cells.
Radiological evaluation did not reveal any lytic lesions or
any lymphadenopathy. The patient was started on thali-
domide and dexamethasone as she could not afford bor-
tezomib. At the last follow-up (8 months after diagnosis),
there was no remittance and she had progressed with a
serum creatinine of 565.76 pmol/L (6.4 mg/dL).

Discussion

Incidence and frequency

HCDD is one of the least frequent manifestations of
MIDDs. Also, HCDD is the least common immunoglobulin
deposition disease according to a review from the Presby-
terian Hospital in New York with just 0.33% (six cases)
among 7241 biopsies over a period of 19 years [7]. In the
same study, LCDD accounted for 12 cases while 5 cases
of LHCDD were seen. In our center, we have documented
only one case of HCDD in comparison to 12 cases of
LCDD in the last 5 years. Just 24 cases have been re-
ported to date with only 8 of 24 (33.3%) patients having
developed a plasma cell dyscrasia. In a recent review,
HCDD was noted in just 1 of 30 cases in which renal his-
tology was evaluated among 289 cases of paraproteine-
mias [8]. Analyzing all the HCDD cases reported to date
(24, including the present case), the mean age of presen-
tation was 58.41+14.32 years with no significant sex
predilection (F:M=1.2:1). IgG1 (8 of 24 cases) was the
most common heavy-chain isotype with IgG4 (4/24) and
IgG3 (3/24) being the next common. IgG2 was reported
in one case while three cases of IgA HCDD have been
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reported. Crescentic glomerulonephritis was consistently
reported with IgA HCDD in addition to the nodular glo-
merulosclerosis pattern of the underlying capillary tufts.
The clinical profile of HCDD is very similar to that of other
MIDD, except for a higher incidence of hypertension and
less-frequent association with either a demonstrable
plasma cell dyscrasia (~25% cases when compared with
50% cases of LCDD) or circulating monoclonal free light
or heavy chain [7]. A summary of all reported cases of
renal HCDD is presented in Table 1.

Aetiopathogenesis

Current evidence suggests that the loss of C41l domain
leads to secretion of heavy chains from the plasma cells
prior to their association with the light chains, which
under normal circumstances are held in the endoplasmic
reticulum via the interaction between C41 domain and
heavy-chain-binding protein (BiP) and are released only
after binding of light chains [9, 10]. In the presence of a
normal Cyl domain and normal interaction with BiP,
failure of association of the light and heavy chains leads
to destruction of the unbound heavy chains within the
endoplasmic reticulum and these are not secreted.
However, what exactly causes the marked predisposition
for tissue deposition and rapid clearance from the circu-
lation is unclear. In a study by Khamlichi et al. [11], the
authors demonstrate that in addition to the Cy1 domain
abnormalities, deletions of the variable regions of the
heavy chains (V4 domains) lead to alterations in the
physicochemical properties of the immunoglobulin heavy
chains altering the hydrophobicity and total charge and
hence the tissue affinity. This mechanism is similar to the
postulated cause of deposition of abnormal light chains
in LCDD, in that mutations in the V| chain leads to
accumulation of hydrophobic amino acids and alteration
of the tertiary and quarternary structure of the protein,
resulting in accentuation of the hydrophobicity of the ab-
normal light chains. In addition, contribution of abnormal
N-glycosylation has already been suggested to be the
cause of tissue deposition of the light chains as well as
the reason for the absence of demonstrable circulating
abnormal immunoglobulins in many cases [7, 12].

As in other MIDDs, the deposition of monoclonal im-
munoglobulins induces accumulation of extracellular
matrix material, leading to glomerular and tubular base-
ment membrane thickening, nodular glomerulosclerosis
and interstitial fibrosis. Although there are no studies de-
tailing the exact mechanisms of tissue injury in HCDD
specifically, it is most likely similar to the mechanism of
tissue injury in other MIDDs like LCDD and LHCDD. There
is an excess accumulation of normal extracellular matrix
proteins viz. fibronectin, collagen type IV, laminin and te-
nascin [13, 14], by enhancing their production in mesan-
gial cells [15]. The same study attributes a significant role
to tenascin for the irreversibility of glomerular lesions in
MIDD. In vitro studies have also shown transformation of
the mesangial cell to a myofibroblastic phenotype, with
an increase in rough endoplasmic reticulum, increased
production of cytokines viz. platelet-derived growth
factor, transforming growth factor-g and monocyte che-
motactic peptide-1, decrease in matrix metalloprotei-
nases as well as increase in the proliferation markers like
Ki-67 index, when mesangial cells are incubated with
light chains obtained from patients with LCDD while no
such effect was seen when they were incubated with tu-
bulopathic light chains from patients with cast
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nephropathy. Furthermore, mesangial cells incubated
with light chains of AL-amyloid show transformation to a
macrophage phenotype with an increase in matrix me-
talloproteinases and a decrease in extracellular matrix
production [16-18]. These divergent phenotypes result
from the differential processing of the abnormal immu-
noglobulins through the receptors on mesangial cells
which lead to internalization and delivery of the light
chains of AL-amyloid to the lysosomes, where production
of amyloid occurs while the abnormal immunoglobulins
associated with MIDD are not internalized significantly
[17, 19, 20]. However, there is no in vivo study that con-
firms these events.

erythropoeitin
bortzomib +

Thal, dexa,
dexa

Treatment
Thal, dexa

Other organ
disease

ND
ND

Clinical presentation

BM bx/aspirate
4% plasma

1% plasma
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cells/IgAk
MM/IgAk

Although HCDD as well as other MIDDs are systemic dis-
eases with deposition of abnormal Igs in a variety of
organs, it is the deposition of abnormal immunoglobulins
in the renal parenchyma which most often leads to clini-
cal dysfunction. Extra-renal deposits in HCDD are very un-
common; however, they have been reported in the heart
[21], joints [21-23], skin, striated muscle [24], pancreas
and thyroid as well as liver. Most of the non-renal visceral
organ depositions are usually asymptomatic, and hence
the incidence of these deposits is likely to be under-esti-
mated. Skin is the next common organ to be affected by
HCDD, with o-HCDD being the commonest and less com-
monly y-HCDD presenting as cutis laxa [4, 25, 26]. Depo-
sition of abnormal chains in LCDD and LHCDD has been
documented in the liver and heart ~25% cases [27]. Mild
alterations in the liver function tests are common, but
hepatic failure is distinctly rare. In the liver, deposition of
abnormal immunoglobulins is commonly minimal and si-
nusoidal, but can be massive.

Serum Ig
IgAk
IgAk

Missing
domains
in CH

D

D
ND

GBM TBM Ves

EM deposits

TBM  Ves

Renal manifestations. Renal involvement is a constant
feature in HCDD with most patients presenting with renal
failure (~90% cases), recent onset hypertension (~70%
cases) and proteinuria (80%) most of whom had nephro-
tic range proteinuria (60%) (Table 1). Most patients
present with rapidly progressive renal failure. Hematuria
is variably present in 25% of cases reported to date. The
manifestation of HCDD are very similar to other MIDD,
except for a stronger association with hypertension, glo-
merulosclerosis and hematuria [7].
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GBM  Mes
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A
A
Gl

Renal biopsy findings
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Histopathology. Nodular glomerulosclerosis is the classi-
cal histological pattern (Figure 1), although other pat-
terns like crescentic pattern of glomerular injury [3, 4] as
well as a predominantly diffuse proliferative pattern of
injury [28] is also reported. No cases have been reported
of pure HCDD with either membranous pattern of injury
or normal morphology on light microscopy. The glomeruli
show nodular mesangial expansion by deposition of Peri-
odic Acid Schiff (PAS) positive material which is Congo-
red negative, can be fuschinophilic on trichrome stain
and stains avidly with silver stains, unlike amyloid
which is only weakly PAS positive and silver negative in
addition to being congophilic and showing apple-green
birefringence. Nodular glomerulosclerosis brings a histo-
logical differential diagnosis of diabetic nephropathy,

sCr
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Clinical features and biochemistry
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sex
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72F

67F
phalan, cyclophosphamide and prednisone.

described; N, normal; MM, multiple myeloma; Cy, heavy chain; HTN, hypertension; GBM, glomerular basement membrane; Mes, mesangium; TBM, tubular basement membrane; Ves, vessel; EM, electron microscopy;
MP, methyl prednisolone; Thal, thalidomide; VAD, vincristine, adriamycin and dexamethasone; dexa, dexamethasone, cyclo, cyclosporine; AZ, azathioprine; ABSCG, autologous blood stem cell graft; VMCP, vincristine,

°RI, renal insufficiency; NS, nephrotic syndrome; He, hematuria; NSG, nodular glomerulosclerosis; NSGC, nodular glomerulosclerosis with crescentic pattern of injury; PGN, proliferative glomerulonephritis; ND, not

Confirmed by immunofixation.

Table 1. Continued
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Fig. 1. (a) Light microscopy shows nodular glomerulosclerosis with mesangial nodules, thickening of glomerular capillary walls and the Bowman’s
capsule (H&E, x400 original magnification). (b) The mesangial expansion and basement membrane thickening is due to PAS-positive material (x200

original magnification) and (c) is not congophilic (x200 original magnification). (d) Similar material is also identified in the tubular basement
membranes of some of the tubules (H&E, X200 original magnification).

Fig. 2. Direct immunofluorescence shows strong positivity for (a) IgG; and (b) C1q without any (c and d) light-chain positivity in the mesangial nodules,

GBM, TBM, Bowman’s capsule and blood vessels. 19G2, 1gG3, 1gG4, IgA, IgM and C3 were also negative. (X400 original magnification, fluorescein
isothiocyanate-tagged antibodies).

membrano-proliferative glomerulonephritis (GN), amyloi-
dosis and Congo-red-negative amyloid-like deposits (fi-
brillary GN, immunotactoid GN), MIDD of either LCDD or

LHCDD type, idiopathic type I or III collagenofibrotic GN
and fibronectin GN. Milder forms of the disease may
show only a mild increase in mesangial matrix with
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Fig. 3. (a) Transmission electron microscopy shows the presence of powdery, non-organized, electron dense deposits along the endothelial aspect of
the GBM. (b) Similar deposits are also noted in the TBM (X2000 original magnification).

basement membrane thickening. Although glomerular
disease is the most common reason for clinical impair-
ment, HCDD is not a pure glomerular disease. Tubular
lesions are usually present in the form of PAS-positive, re-
fractile thickening of the tubular basement membrane.
There is some predominance of deposition in the distal
tubules and loop of Henle. Advanced cases usually have
significant fibrosis.

Immunofluorescence. An appropriate immunofluores-
cence evaluation is essential in diagnosing HCDD and dif-
ferentiating it from its other differential diagnoses. The
diagnosis may be suspected in an initial panel which
does not include the IgG/IgA subtypes, when anti-IgG/
IgA are positive while there is no light-chain positivity.
The definitive diagnosis however requires demonstration
of monoclonality of the heavy chains by using a wider
immunofluorescence panel of antibodies identifying dis-
tinctly the four IgG subtypes and/or two IgA subtypes.
Since there is only one IgM subtype, the presence of IgM
positivity without any light-chain positivity should lead to
a diagnosis. Any of the IgG or IgA subtypes may be
present. The most common IgG subtype implicated is the
IgG1 (8 of 24 cases) among all the cases reported to
date with IgG4 being the next most common (4 of 24).
Positivity is usually linear with stronger positivity in the
glomerular basement membrane when compared with
the mesangial nodules (Figure 2). Positivity along the
tubular basement membrane is a rule. Similar positivity
may be seen within the blood vessels. Complement posi-
tivity is variable with maximum positivity being seen in
cases with IgG1l and IgG3 (Table 1). Demonstration of
deletion of Cy1 domain of the IgG is however not necess-
ary for the diagnosis. Deletion of the C41 domain has
been documented in all cases which were evaluated
using antibodies specific to each Cy; domain (Table 1).

Ultrastructure. Transmission electron microscopy de-
monstrates the deposition of non-fibrillar, powdery, elec-
tron dense deposits along the tubular basement
membrane, glomerular basement membrane and blood
vessels. The deposits usually form a continuous band on
the endothelial aspect of the glomerular basement
membrane and on the outer aspect of the tubular base-
ment membrane, facing the interstitum (Figure 3). But
unlike amyloid deposits, they do not invade into the

lamina densa. Deposits may also be found in the
Bowman’s capsule. Immunoelectron microscopy can be
helpful in difficult cases.

Treatment and outcome

Most patients reported have been treated with pulse
methyl prednisolone or with a combination of methyl
prednisolone and melphalan. Many patients also received
other cytotoxic agents such as cyclophosphamide or
chlorambucil, with just an occasional patient having re-
ceived dexamethasone, thalidomide or bortezomib.
Among all 24 cases recorded in the literature to date, just
3 cases responded apparently completely to the treat-
ment given, which included melphalan and methyl pre-
dnisolone in 2 cases [29-31] and low-dose steroids in the
third [32]. Only one of these cases [30] has been shown
to be free of disease 2 years after the initial diagnosis on
a follow-up biopsy. Another three cases showed partial
improvement of symptoms and laboratory values, one of
which was treated with melphalan along with cyclopho-
sphamide [3], another with melphalan alone [33], while
the third patient received combination chemotherapy
with vincristine, adriamycin and dexamethasone, fol-
lowed by autologous blood stem cell graft [32]. One
patient [6] showed stable disease at 2 years of follow-up
despite not receiving any therapy. The remaining 18 of
24 patients failed to show any response to treatment,
most of whom received combination of methyl predniso-
lone with melphalan and/or other chemotherapeutic
agents like cyclophosphamide, vincristine, adriamycin,
chlorambucil etc. Our patient was treated with thalido-
mide with dexamethasone, but showed progressive wor-
sening of renal failure and proteinuria at the last follow-
up, 8 months after diagnosis. Significant long-term
follow-up is unavailable in nearly all cases.

It is possible that the patients who responded comple-
tely (clinically as well as pathologically) or partially to
treatment were in the initial stages of the disease as
suggested by Soma et al. [30]. The response to treatment
would probably also depend on the presence of an overt
plasma cell dyscrasia. Whether patients with HCDD are
poor candidates for renal transplantation is unknown;
however, one patient who received renal graft, developed
recurrent disease 2% years post-transplant [34].

Conclusion

In conclusion, HCDD is a rare monoclonal immunoglobu-
lin deposition disorder due to the deposition of abnormal
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heavy chains with C4yl and Vy region abnormalities,
which leads to their early secretion from the plasma cells
prior to conjugation with light chains. Patients present
with renal failure, hypertension and hematuria and have
a considerably lesser association with an overt plasma
cell dyscrasia. Early diagnosis and treatment might by
the key to complete remission of disease with long-
standing disease being practically incurable as of today.

Conflict of interest statement. None declared.
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