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Abstract

We report a rare and atypical case of essential cryoglobulinemic glomerulonephritis with crescent formation in
an 18yo African-American male that presented with recurrent microscopic hematuria, proteinuria, and mildly elevated
creatinine. There was no antecedent history of purpura, rashes, or arthralgia/ myalgia, and autoantibodies as well as
viral serology for HCV, HIV, and CMV were negative. Quantification of serum immunoglobulins was significant for an
elevated IgM without the presence of rheumatoid factor and elevated kappa and lambda light chains. Kidney biopsy
demonstrated sclerosis, interstitial inflammation, endocapillary and mesangial proliferation, and crescent formation.
Immunofluorescent studies demonstrated granular deposits within the glomerular basement membrane and mesangium.
Electron microscopy revealed podocyte foot process effacement and the presence of mesangial and subendothelial
electron dense deposits of randomly arranged, slightly curved microtubular/ fibrillary structures that formed occasional
fingerprints consistent with a diagnosis of cryoglobulinemic glomerulonephritis. The diagnosis was confirmed by the
identification of serum cryoglobulins with subsequent immunofixation electrophoresis of the cryoprecipitate revealing a
mixed cryoglobulinemia type Ill. Treatment with IV methylprednisolone, followed by oral prednisone and Rituximab was

initiated with resolution of hematuria and normalization of creatinine.
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Introduction

Cryoglobulinemic glomerulonephritis is a rare and particular
subtype of membranoproliferative glomerulonephritis that occurs
following the deposition of cryoglobulins in the kidney [1-5E It is
specifically characterized by a variety of histopathological phenomenon
including glomerular hypercellularity, increased cellular matrix,
duplication of the glomerular basement membrane, inflammatory cell
invasion, eosinophilic subendothelial deposits, and a characteristic
pattern of immunohistological and ultrastructural findings on
fluorescent and electron microscopy, respectively [1-4,6-9]. In a
limited number of cases, cryoglobulinemic glomerulonephritis has
been associated with crescent formation [3,10-12], a rare pathological
phenomenon characterized by damage to the glomerular basement
membrane and progressive scarring of the functional kidney unit, the
nephron. On a structural level, this phenomenon involves a delicately
orchestrated series of events including a sustained inflammatory
reaction resulting in epithelial, mesangial, and endothelial cell
proliferation, leukocyte and fibroblast invasion, and deposition of
fibrin and collagen, leading to hematuria, proteinuria, and gradual loss
of kidney function [13-18].

Though the pathophysiological mechanisms leading to
the progressive decline of kidney function in the setting of
membranoproliferative glomerulonephritis involve a myriad of factors,
cryoglobulin-containing immune complex deposition is an inciting
event. Cryoglobulinemia is often associated with lymphoproliferative
disorders, such as multiple myeloma or Waldenstrom’s
macroglobulinemia, connective tissue disorders, such as Systemic
Lupus, or infectious etiologies, such as Hepatitis C, with the majority
of cases manifesting in middle aged females in the 4"-5" decade of life
[6]. In these cases a classical clinical triad of purpura, arthralgia, and
weakness has been described [19-23], which generally precedes and
progresses to renal involvement in approximately one-third of cases
[24,25]. Intriguingly, in less than ten percent of cases no underlying
cause for cryoglobulinemia has been found, and such cases have

been termed ‘essential’ [21,23,26]. Furthermore, a rare subset of cases
present with renal involvement in the form of microscopic hematuria
or proteinuria, in the absence of systemic signs or symptoms [3,27].
In this report, we present a case of an 18y African-American male
with recurrent microscopic hematuria and proteinuria, without other
systemic symptoms, and who was found to have pathology consistent
with cryoglobulinemic glomerulonephritis.

Case Presentation

An 18yo incarcerated African-American male with a past medical
history significant for intermittent asthma presented to our hospital
following repeated urine dipsticks and urinalyses significant for
hematuria and proteinuria found incidentally on routine laboratory
studies dating from five months prior to admission. The patient denied
significant symptomatology and also denied significant past medical/
surgical history, medication use, or family history of renal disease
or connective tissue diseases. The patient denied alcohol and illicit
substance use, but assented to smoking approximately 1-2 cigarettes on
a daily basis.

Throughout the course of hospitalization, the patient remained
afebrile, maintained a heart rate of 60-70bpm and a blood pressure that
ranged from 110-135 systolic / 60-85 diastolic, and an oxygen saturation
above 98%. On physical exam, the patient was a healthy appearing male
in no acute distress, with no abnormalities appreciated. Of note, there
were no oral ulcers, no observable rashes, petechiae, or purpura, no
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lymphadenopathy, no hepatosplenomegaly, no CVA tenderness, and no
edema. Laboratory studies were performed and are reported in Table 1.
Antibodies to ANCA, dsDNA, Glomerular Basement Membrane, SS-
A, SS-B, Smith, RNP, Scleroderma (Scl70), Rheumatoid Factor, Anti-
Streptolysin O, and Anti-cyclic Citrullinated Peptide (CCP) were all
negative. Hepatitis B and Hepatitis C panel (antigens and antibodies)
were non-reactive and there was no evidence of viral titers. HIV status
and TB was also negative. Immunoglobulins of the IgG subtype were
elevated to EBV Viral Capsid Antigen and Nuclear antigen, however
EBV IgM and early IgG antibodies, as well as viral DNA PCR analyses,
were negative, consistent with prior infection. Levels of serum
immunoglobulins of the IgM subtype as well as kappa and lambda light
chains were elevated. Serum protein electrophoresis was significant
only for decreased albumin without any abnormalities in total globulin,
alpha globulins, beta globulins, gamma globulins, or the presence of
an M-spike. Analyses for cryoglobulins were positive at 72 hours, with
resultant cryoprecipitate immunofixation electrophoresis revealing a
type III mixed cryoglobulinemia. Total complement, C3, and C4 were
all within normal limits.

Urine analyses included a urine dip, microscopy, urine chemistry,
and 24h urine electrophoresis. Urine dip was significant for the presence
of 2+ protein and 3+ blood in the setting of a urine specific gravity
of 1.013, with 31-50 RBC and 1-4 hyaline casts/hpf on microscopic
analysis. Urine chemistry and urine protein electrophoresis were
significant only for the presence of elevated protein. Random urinary
protein to creatinine ratio at presentation was 1.60, serving as a
surrogate marker of daily protein excretion. Urine drug screen was
negative for illicit substances.

Bilateral renal ultrasound with color Doppler imaging revealed
normally sized kidneys with increased cortical echogenicity and no
evidence of hydronephrosis, contour-deforming masses, calculi, or
perinephric fluid accumulations. The patient subsequently underwent
a percutaneous ultrasound guided biopsy of the left kidney, with
specimens sent for histological, immunological, and electron
microscopy analysis. Light microscopy of H&E stained sections
revealed moderate interstitial fibrosis, tubular atrophy, and mixed
interstitial inflammation composed of lymphocytes, plasma cells,
neutrophils, eosinophils, and rare macrophages. Thirty-two glomeruli
were identified, of which the vast majority were enlarged with
endothelial and mesangial hypercellularity and shrunken Bowman’s
spaces. Eight glomeruli demonstrated significant amounts of sclerosis
and an additional eight glomeruli demonstrated crescent formation
(Figure 1). Jones silver staining revealed focal basement membrane
duplication, while trichrome staining demonstrated the presence of
eosinophilic intraglomerular deposits as well as collagen deposition
within Bowman’s space (Figure 2). There was no evidence of wire-loop
lesions of intracapillary protein thrombi. Immunofluorescence staining
revealed the presence of granular deposits that were strongly positive
for IgG, IgM, C3, Clq and kappa light chains with mild staining for
IgA, C4, and lambda light chains (Figure 3). Electron microscopy
revealed effacement of over 80% of podocyte foot processes and the
presence of substantial subendothelial electron dense deposits of
randomly arranged, slightly curved microtubular/ fibrillary structures
20-20.5 nm in diameter that formed occasional fingerprints (Figure 4).
Taken together, the spectrum of clinical and pathological findings was
suggestive of a diagnosis of membranoproliferative glomerulonephritis
secondary to cryoglobulinemia (cryoglobulinemic glomerulonephritis).

Outcome and Follow-Up
The patient was loaded with IV methylprednisolone 500 mg daily

for three days and subsequently received 60 mg prednisone and 1000
mg Rituximab. Flow cytometry following Rituximab administration
revealed no immunophenotypically abnormal cell populations with a
complete absence of CD20+ cells. One month following admission the
patient presented for a second course of Rituximab therapy and was
found to have diminished microscopic hematuria (11-20 RBC/hpf),
diminished urinary protein (191 mg/dL) to creatinine (189 mg/dL)
ratio of 1.01 from 1.60, and stabilization of his serum creatinine (1.21
mg/dL). Repeat analysis three months following initial presentation
revealed a sustained suppression of CD20+ B cells and continued
improvement in laboratory parameters with further reductions in
microscopic hematuria (6-11 RBC/hpf) and serum creatinine (1.00
mg/dL).

Discussion

In the most straightforward terms, cryoglobulinemia is defined as
the presence of cryoglobulins in the blood [6]. In the clinical laboratory
setting, cryoglobulins immunoglobulins that undergo reversible
precipitation following exposure to cold temperature [26], assuming
appropriate and strict handling techniques [26,28]. In reality, however,
the precipitation of cryoglobulins and their deposition in situ likely
involves a complex interplay of a variety of factors affecting protein
solubility - primary protein structure, abundance of hydrophobic
residues, steric conformation, decreased galactose or sialic acid in
glycosylated regions, serum pH, serum chloride concentration, and
immune complex formation [21,26,28-32]. The deposition of these
immune complexes in end organs has been shown to mediate end organ
damage via a variety of different mechanisms including activation
of innate Toll-like receptors, complement, and engagement of Fc
receptors. Together, activation of these pathways results in propagation
of an inflammatory cascade leading to cellular injury and the secretion
of growth factors, such as PDGF and TGEFp, that promote epithelial
cell proliferation and matrix deposition [1,14,16-18,33]. Furthermore,
monocytes appear to play a critical role in the clearance of deposited
cryoglobulins and are often found not only in close proximity to
such deposits, but also to be laden with amorphous protein droplets
[34], prompting one study to highlight the potential for monocyte
dysfunction as an underlying etiology of end organ damage [11,35].

Brouet and colleagues have classified cryoglobulinemia into three
main categories, with the latter two categories classified as “mixed
cryoglobulinemia” due to the presence of multiple antibodies [6,25]. Type
I cryoglobulinemia is a monoclonal immunoglobulinemia commonly
found in multiple myeloma, Waldenstrom’s macroglobulinemia, or
idiopathic monoclonal gammopathy, whereas the Type II and Type
III mixed cryoglobulinemias contain monoclonal IgM and polyclonal
IgG or polyclonal IgM and polyclonal IgG, respectively [25]. Mixed
cryoglobulinemia has been associated with a variety of etiological
factors - autoimmune (e.g. Systemic lupus erythematosus and Sjogrens
Syndrome) and infection (e.g. HCV) - with less than 10% of cases
labeled as ‘essential, with no underlying etiology. Despite the absence
of an underlying etiology, a variety of reports have suggested that
cryoglobulinemia is a disorder of B lymphocyte expansion, whether
in the context of lymphoproliferative disorders or in the context of
persistent immune stimulation in the setting of autoimmunity or
chronic infection [1,21,36]. Infection with Epstein Barr Virus (EBV)
and the production of IgG subtype antibodies to the viral capsid
antigen, as seen in our patient, was also seen in patients with essential
mixed cryoglobulinemia [36]. Furthermore Fiorini and colleagues
hypothesized that not only are EBV-infected B lymphocytes cleared
more slowly, resulting in a greater number of antigen-bearing cells that
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Serum Chemistry

Sodium 137 mmol/L
Potassium 4.1 mmol/L
Chloride 102 mmol/L
CO, 28 mmol/L
Calcium 9.3 mg/dL
Blood Urea Nitrogen 17 mg/dL
Creatinine 1.23 mg/dL
Total Protein 7.5 g/dL
Albumin 3.2 g/dL (L)
Bilirubin Total 0.32 mg/dL
Alkaline Phosphatase 37 IU/L
ALT 10 IU/L
AST 22 UL
Magnesium 1.8 mg/dL
Phosphate 3.0 mg/dL
Iron 47 mcg/dL
Total Iron Binding Capacity 305 ng/mL
Ferritin 108 ng/dL
Transferrin 218 mg/dL
CRP 4.1 mg/L
ESR 49 mm/hr
Coagulation Studies

PT 11.8s
PTT 37.2s
INR 1.09

C3 complement 149 mg/dL
C4 complement 30 mg/dL
Total Complement 49 Units/mL
Fibrinogen 464 mg/dL

Immunology/ Serology

Anti-streptolysin O

77.9 IN Units/mL

Atypical p-ANCA <1:20
Cytoplasmic C-ANCA <1:20
Perinuclear P-ANCA <1:20
Glomerular Basement Membrane Antibody 7 Units
Cyclic Citrullinated Peptide 1gG/ IgA 10 Units
Antinuclear (ANA) Screen Negative
Scleroderma CL70 0.2 Units
Smooth Muscle 6 Units
Double-stranded DNA 41U
SS-A <0.2 Units
SS-B 0.4 Units
Ribonuclear Protein <0.2 Units
Rheumatoid Factor <10 IU/mL
Smith <0.2
Immunoglobulin A 268 mg/dL
Immunoglobulin G 1580 mg/dL
Immunoglobulin M 518 mg/dL (H)
CMV DNA Quant <200 copies
EBV Early IgG <9 Units/mL

EBV Viral Capsid Antigen IgM

<36 Units/mL

EBV Viral Capsid Antigen IgG

97.9 Units/mL (H)

EBV Nuclear IgG

155 Units/mL (H)

EBV DNA PCR RT

Negative

Hepatitis A IgM

Non-reactive

Hepatitis B Surface Antigen

Non-reactive
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Hepatitis B Core IgM Non-reactive
Hepatitis B Surface Antibody Non-reactive
HBV IU/mL <20
HBV log 10 Negative
Hepatitis C Antibody Non-reactive
Hepatitis C PCR RT Not detected
HIV 1/2 Screen Non-reactive
HIV1 RNA PCR Quantification Not detectable
TB Screen Negative
Additional Serology

Lambda Light Chain 49.97 mg/L
Kappa Light Chain 22.52 mg/L
Kappa/ Lambda R 0.45
Cryoglobulin Quantification Positive @ 72h
Immunofixation Mixed Cryoglobulinemia, Type Il
Serum Protein Electrophoresis

Globulin Total 3.7 g/dL
Albumin 3.0 g/dL (L)
Alpha 1 Globulin 0.2 g/dL
Alpha 2 Globulin 1.0 g/dL
Beta Globulin 0.9 g/dL
Gamma Globulin 1.5 g/dL
M-spike Not Observed
Protein Total 6.7 g/dL
Urinalysis

UA Specific Gravity 1.013

UA pH 6.0

UA Protein 2+

UA Blood 3+
UAWBC 6-10
UARBC 31-50

UA Hyaline Casts 1-4
Urine Chemistry

Urine Chloride 128 mmol/L
Urine Creatinine 154 mg/dL
Urine Osmolality 657 mOsm/kg
Urine Potassium 24.9 mmol/L
Urine Protein 246 mg/dL
Urine Sodium 141 mmol/L
Urine Protein/ Creatinine Ratio 1.60
Urine Protein Electrophoresis

Protein Total 178.8 mg/dL
Albumin 80%
Alpha 1 Globulin 3.4%
Alpha 2 Globulin 4.1%
Beta Globulin 9.1%
M-spike Not Observed

Table 1: Laboratory findings at presentation.

provide a continuous stimulus for antibody production [6,36], but also
that EBV viral DNA is incorporated into marrow blasts, providing a
continuous reservoir for chronic, recurrent infection and cryoglobulin
production [34,37].

The prevalence of ‘essential mixed cryoglobulinemia has been
reported to be less than 1:100,000 [1,38] and is characterized as a myriad
of clinical manifestations including purpura, arthralgia and weakness,
with variable end-organ involvement [1,6,21,38]. Renal involvement
takes an indolent course, presenting with microscopic hematuria,

proteinuria, and an elevated serum creatinine in approximately 50% of
patients [11,21-23,26,34,38]. Histologically, renal involvement manifests
as a particular subtype of membranoproliferative glomerulonephritis
in the setting of systemic symptoms, but rare cases, present with renal
disease as the sole manifestation of the disease [3,6,10], as seen in our
patient. Furthermore, a small number of reports have demonstrated
crescent formation on the background a cryoglobulinemic
glomerulonephritis, a hallmark of severe disease [3,10,11,13,21].

The diagnosis of mixed cryoglobulemia revolves around
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reveal moderate interstitial fibrosis, tubular atrophy, mixed interstitial
inflammation in the peri-glomerular region (A) with interstitial inflammation
highlighted in Panel B (arrowhead). The majority of glomeruli are enlarged
with evidence of endothelial and mesangial hypercellularity and obliteration
of Bowman’s space (A). Significant focal and global glomerular sclerosis is
apparent (Panel C, arrowhead) with evidence of crescent formation (Panel
D, arrowhead). Panel A, 40x; Panels B-D, 100x.

i ~- = ] 1S RS 2 %d., s P s
Figure 2: Immunohistological preparation of kidney biopsy sections with
PAS, Trichrome, and Jones’ silver stains. Histological preparation of kidney
biopsy sections with PAS (A) reveals significant mucopolysaccharide
deposition. Trichrome stain (B) reveals eosinophilic intraglomerular
deposits (arrow) and collagen deposition (arrowhead), with obliteration of
Bowman'’s space. Jones’ silver stain (C) demonstrates diffuse thickening of
the glomerular basement membrane with double-contours in the setting of
focal/ global sclerosis and crescent formation. Panels A-C, 400x.

Figure 3: Immunofluorescent preparation of kidney biopsy sections with
complement and Immunoglobulin antibodies.Staining with C1q (A), C3 (B),
IgG (C), and IgM (D) reveals the presence of granular deposits found within
similar regions on adjacent tissue sections. Panels A-D, 400x.

!

Figure 4: Electron Microscopy of kidney biopsy sections.Electron
microscopy imaging reveals effacement of over 80% of podocyte foot
processes and presence of substantial subendothelial (A) and mesangial
(B), with rare subendothelial (C) electron dense deposits of randomly
arranged, slightly curved microtubular/ fibrillary structures of approximately
20-25nm in diameter. High magnification images are shown in D and E, and
revealed that occasionally, these structures formed a fingerprint pattern (E),
consistent with a diagnosis of cryoglobulinemic glomerulonephritis. A-C =
30000x, D-E = 120000x.

characteristic clinical (e.g. purpura, arthritis, and glomerulonephritis)
and laboratory findings (e.g. isolation of cryoglobulins, low levels of
C4 and Clq, and high titers of rheumatoid factor) [6,21]. A variety
of reports, however, have noted variable serological patterns [38]
ranging from the complete absence of serum cryoglobulins [34,38-
40] to completely normal levels of complement proteins [3]. Of note,
it has been demonstrated that levels of cryoglobulins can fluctuate
significantly resulting in the potential for false-negative results, making
serial assays necessary for proper diagnosis [21,26,28]. Intriguingly,
four initial serum samples for cryoglobulins were negative, whereas a
fifth sample demonstrated the presence of cryoglobulins at 72 hours
of incubation, highlighting the need to repeat laboratory analyses in
the setting of high clinical suspicion. It is important to recognize
that in cases where the clinical suspicion for cryoglobulinemia is
high, a negative test for cryoglobulins does not exclude a diagnosis of
cryoglobulinemia [21,28].

The course of cryoglobulinemic glomerulonephritis is variable.
One-third of patients achieve partial or complete remission, another
third have an indolent disease course that may progress to renal
insufficiency years later, while one-third experience reversible clinical
exacerbations even in the setting of appropriate treatment [3,34].
Progression to end stage renal disease and sclerosing nephritis has
been reported as an uncommon event [10]. Though a variety of
prognostic indicators have been proposed as independent risk factors
for progression to end stage renal disease and mortality — older age,
purpura, elevated plasma creatinine on presentation, and low C3, the
subjects of this study were primarily Italian, middle-aged, co-infected
with HCV, and had systemic signs of disease [10]. The patient in this
case report, in contrast, was a young African-American male who
presented with recurrent microscopic hematuria and proteinuria in
the absence of systemic signs or symptoms, a negative HCV status, and
normal complement levels. Furthermore, on renal biopsy the patient
was noted to have significant crescent formation as well has focal and
global glomerulosclerosis in 25% of his glomeruli at presentation,
suggesting a more advanced disease process. Intriguingly, mixed
cryoglobulinemia has been regarded as continuum along a spectrum
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that spans autoimmunity/ persistent infection and cancer [21,41], with
B cell lymphoma the most frequent neoplastic manifestation [3,21-
23,38,42,43]. In these studies, lymphomas were found to arise in the
setting of persistent B lymphocyte infection, such as in the setting of
chronic infection and also due to lymphocytic infiltration in major
organs, such as the bone marrow [41,42,44] and heralded by a sudden
decrease or disappearance of serum cryoglobulins [45]. Given the
potential for malignant transformation, repeated longitudinal clinical
evaluation is warranted.

Though no clinical trial has evaluated their efficacy, the mainstay of
therapy for individuals with cryoglobulinemic glomerulonephritis has
been the use of high dose conventional immunosuppressants such as
methylprednisolone followed by prednisone [21,38,46]. In an increasing
number of cases biological therapies, targeting specific aspects of
disease pathogenesis, have emerged as concomitant first line therapies.
Given the intricate link between mixed cryoglobulinemia and aberrant
B lymphocyte antibody production, proliferation, and elimination, the
anti-CD20 monoclonal antibody, Rituximab, has been frequently used
to control disease. A variety of small reports have demonstrated clinical
efficacy in the setting of moderate disease and have highlighted that
relapses recur in the setting of B lymphocyte recovery [13,21,47,48]. The
patient presented in this report received successful Rituximab therapy
that led to a complete elimination of peripheral CD20+ B lymphocytes,
as verified by flow cytometry. In addition to conventional therapy, a
variety of other interventions targeting improved monocyte clearance
of circulating cryoglobulins and deposited complexes of cryoglobulins,
via dietary modification, and reduction of intraglomerular filtration
pressure, via ACE inhibitors, have been proposed [30,38], and require
further evaluation in carefully designed clinical trials.

Conclusion

The patient in this report represented a rare and atypical case of
cryoglobulinemic glomerulonephritis. The uniqueness of this case is
underscored by a variety of factors such as his clinical presentation,
laboratory and serological studies, and pathology. In contrast to the
vast majority of patients with cryoglobulinemia that present with
systemic manifestations of cryoglobulinemia, the subject of this
report did not have the classic clinical triad of purpura, arthralgia,
or weakness. In contrast, the patient was of the minority of patients
presenting with renal involvement, characterized a persistent
microscopic hematuria and proteinuria as the presenting symptom.
Furthermore, while the overwhelming majority of patients presenting
with cryoglobulinemia are middle-aged Caucasian females, our patient
was an 18yo African-American male without an underlying etiology
for cryoglobulinemia. Only a single prior report has demonstrated
a diagnosis of cryoglobulinemia in a patient under 20y [6,49].
Laboratory and serological studies in cryoglobulinemia generally
follow a characteristic pattern - detection of circulating cryoglobulins,
low levels of complement, and the presence of rheumatoid factor -
yet a limited number of cases have presented with varied serological
results, similar to the case presented here. Pathological analysis of
kidney biopsy samples obtained from our patient demonstrated
findings consistent with cryoglobulinemic glomerulonephritis on light,
immunofluorescent, and electron microscopy. Importantly histological
specimens also demonstrated the presence of a significant number of
crescents, a rare pathological finding in the context of cryoglobulinemia
and cryoglobulinemic glomerulonephritis. In sum, the case presented
here represented a particular diagnostic challenge that required the
coordinated efforts of internal medicine, nephrology, and pathology
to accurately diagnose and formulate a therapeutic regimen to prevent

further decline in kidney function.
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