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Abstract

basis of these findings.

Background: Cryofibrinogenemia is a rare disorder that mainly affects the skin and occasionally the kidney.
However, there are few published reports of cryofibrinogenemia-associated renal pathology. We therefore report a
patient with cryofibrinogen-associated glomerulonephritis. Samples from this patient were examined by electron
microscopy, laser microdissection, and liquid chromatography-tandem mass spectrometry (LC-MS/MS).

Case presentation: A 78-year-old Japanese man presented with declining renal function, proteinuria, and gross
hematuria. Kidney biopsy showed a membranoproliferative pattern with crescent formation and dominant C3c
deposition in which subendothelial deposits with uniquely organized electron-microscopic features were observed.
Additional ultrastructural analysis of cryoprecipitates extracted from plasma revealed similar structures of the
glomerular subendothelial deposits. LC-MS/MS identified an increase in fibrinogen a, 3, and y chains, fibronectin,
filamin-A, and C3. The glomerular lesions were diagnosed as cryofibrinogen-associated glomerulonephritis on the

Conclusions: Although there are few reports of cryofibrinogen-associated glomerulonephritis, we believe that
accurate diagnosis can be achieved by performing LC-MS/MS and ultrastructural analysis.

Keywords: Cryofibrinogen, Cryofibrinogen-associated glomerulonephritis, Membranoproliferative
glomerulonephritis, Organized deposit, Microtubular structure

Background

Cryofibrinogen is an abnormal protein that precipitates
when plasma is stored at 4°C and redissolves at 37 °C
[1]. Cool temperature-induced precipitation of proteins
including fibrinogen, in plasma but not in serum, en-
ables differentiation of cryofibrinogens and cryoglobu-
lins. Cryoprecipitates from plasma consist of fibrinogen,
fibrin, fibronectin, factor VIII, and smaller amounts of
various plasma proteins [2], whereas cryoprecipitates
from serum consist mainly of cryoglobulins. Cryofibrino-
genemia may be primary or secondary to malignancies,
infections, autoimmune diseases, thromboembolic dis-
eases, or other processes. Clinical manifestations of
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cryofibrinogenemia vary from no symptoms to thrombo-
embolic phenomena. The skin is usually the target
organ: manifestations including purpura, livedo reticu-
laris, Raynaud’s phenomenon, ulceration, and gangrene
[3]. Although the kidney can also be a target organ,
there are few reports describing the renal pathology of
cryofibrinogenemia-related glomerulopathy [4-7]. Sethi
et al. described two cases [6] and Sudo et al. one case of
cryofibrinogen-associated glomerulonephritis [7]. Orga-
nized deposits were observed in the subendothelial area
in all three cases. In addition, in one case reported by
Sethi et al. and in the case described in this report,
deposits found in the kidney biopsy specimen and cryo-
precipitates extracted from the patient’s plasma had
identical ultrastructural features.

In this report, we describe a case of cryofibrinogen-
associated glomerulonephritis in which electron microscopic
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findings, laser microdissection, and liquid chromatography-
tandem mass spectrometry (LC-MS/MS) were useful for
diagnosis.

Case presentation

A 78-year-old Japanese man presented with declining
renal function, proteinuria, and hematuria. He had started
to experience gross hematuria 7 months before admission.
Examination by the Urology Department revealed no evi-
dence of urinary tract neoplasia. He was therefore trans-
ferred to the Nephrology Department.

His medical history included hepatitis B virus and
hepatitis C virus carrier status with an undetectable viral
titer, gastric carcinoma (post-surgery), cerebral infarction,
hypertension, paroxysmal atrial fibrillation, and non-
tuberculous mycobacterial infection. The patient had no
history of cutaneous rashes or ulcers. He was under medi-
cation with apixaban, amlodipine, losartan and febuxostat.
However, to perform a kidney biopsy, apixaban was dis-
continued at his first visit to the Nephrology Department.

Laboratory investigations at the time of kidney biopsy are
shown in Table 1. A serum creatinine concentration of
3.51 mg/dL corresponded to an estimated glomerular filtra-
tion rate (eGFR) of 14 mL/min/1.73m? (revised equations
for estimated GFR from serum creatinine in Japan [8]). The
patient had anemia with a hemoglobin concentration of
7.9 g/dL. White blood cells, platelet counts and liver func-
tion were within normal ranges. C-reactive protein was
0.33 mg/dL. Serologic testing for antineutrophil cytoplasmic
antibodies, antinuclear antibodies, and cryoglobulins were
all negative, and C3, C4 and CH50 titers were within the
reference ranges. Urinalysis showed protein (4+) and blood
(3+), and 24-h urinary protein was 4.5 g. Serum and urine
electrophoresis and immunofixation showed the presence
of an IgG-x band (serum IgG 1.177 mg/dL, «/\ ratio 2.8).
However, no proliferation of monoclonal plasma cells was
detected in a bone marrow aspirate (only 3.2% plasma
cells). Accordingly, a diagnosis of IgG-k type monoclonal
gammopathy of unknown significance was made. Addition-
ally, computed tomography scanning revealed no evidence
of malignancy.

Fifteen glomeruli were identified in a renal biopsy,
three of which showed global sclerosis under light mi-
croscopy. The remaining glomeruli showed lobular ac-
centuation of the glomerular capillary tufts with diffuse
mesangial expansion. Endocapillary proliferation with
neutrophilic infiltration was noted. Peripheral capillary
walls were thickened and had double contours. Suben-
dothelial deposits negative for periodic acid methena-
mine silver staining and positive for periodic acid Schiff
(PAS) staining were observed. Cellular crescents were
also present in six glomeruli. There was moderate inter-
stitial fibrosis and tubular atrophy (50%) (Fig. la—c).
There were no remarkable changes in vessels.
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Immunofluorescence studies showed that C3c was
dominantly positive between the capillary walls and
mesangial area. Capillary walls were also positive for
IgM and regions of the mesangial area were weakly posi-
tive for fibrinogen. IgG, IgA, Clq, kappa and lambda
light chains were all negative (Fig. 1d—f).

Ultrastructural examination revealed the presence of
unique subendothelial deposits characterized by ran-
domly arranged large fibrils with large central bores and
double layer structures (Fig. 3a, b). The mean diameter
of the fibrils was 185 nm (range, 150—220 nm). These de-
posits resembled those described in two patients diag-
nosed with cryofibrinogen-associated glomerulonephritis
[6]. In addition, diffuse foot process effacement and a
mild increase in mesangial matrix were present. Electron
dense deposits characteristic of C3 nephropathy and
hump-like subepithelial deposits were not observed.

Cryofibrinogen was detected in this patient’s serum
(Fig. 2). Using prewarmed equipment, the patient’s blood
was collected into both anticoagulant-free tubes and
tubes containing EDTA. Both serum and plasma were
prepared by centrifuging at 2000xg for 30 min at 37 °C.
Serum and plasma were chilled to 4 °C for 48 h and ana-
lyzed for precipitation. Precipitate was found only in
plasma, not in serum. When the precipitate was warmed
to 37°C, it redissolved. Ultrastructural examination of
the cryoprecipitate revealed similar structures to the
glomerular subendothelial deposits (Fig. 3c).

Furthermore, LC-MS/MS on laser microdissected
glomeruli from paraffin sections was performed as previ-
ously described [9], and revealed increased levels of fi-
brinogen «, B, and y chains, fibronectin, filamin-A, and
C3 (Fig. 4). These substances have been detected in pa-
tients previously reported as having cryofibrinogen-
associated glomerulonephritis [6, 7]. IgG1, IgAl, and
kappa light chain were also detected at levels compar-
able to those in a control. There were small amounts of
proteins associated with amyloidosis such as amyloid P
component and apolipoprotein A. We measured the
peptide concentrations of the samples by fluorometric
peptide assay (Thermo Scientific, San Jose, CA, USA)
prior to LC-MS/MS analysis.

A diagnosis of cryofibrinogen-associated glomerulo-
nephritis was made on the basis of the characteristic
electron microscopic findings in the glomeruli and cryo-
precipitate and results of LC-MS/MS.

After diagnosis, the patient refused to receive any
additional treatment, and his renal function rapidly
decreased (Fig. 5). He underwent hemodialysis 4 months
after diagnosis. One month after the initiation of
hemodialysis, he suddenly died, but an autopsy was not
performed. Clinical data were extracted by electronic
health record under the consent of the patient and pa-
tient’s family.
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Table 1 Laboratory data at the time of kidney biopsy
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Data Value Units Upper limit Lower limit
White blood cells 7600 /uL 8700 4700
Red blood cells 258 x 10%/uL 540 400
Hemoglobin 79 g/dl 17.0 13.0
Hematocrit 236 % 50.0 40.0
Platelets 27.2 x10%/uL 350 150
C-reactive protein (CRP) 033 mg/dl 0.20 0.00
Total protein 58 g/dl 8.2 6.5
Albumin 25 g/dl 55 35
Total bilirubin 0.3 mg/dl 1.2 0.1
Alkaline phosphatase (ALP) 202 IU/L 340 100
Aspartate aminotransferase (AST) 35 U/L 35 10
Alanine aminotransferase (ALT) 15 U/L 40 5
Lactate dehydrogenase (LDH) 259 1U/L 220 110
y-glutamyl transpeptidase (GTP) 14 U/L 60 0
blood urea nitrogen (BUN) 55.6 mg/dl 20 7
Creatinine 351 mg/dl 1.30 0.70
Uric acid 50 mg/dl 8.2 43
eGFR 14.0 ml/min

Sodium 142 mEg/L 146 135
Potassium 45 mEq/L 4.5 35
Chloride 106 mEg/L 110 96
Calcium 8.1 mg/dl 10.2 8.2
triglyceride 168 mg/dl 149 30
HDL cholesterol 58 mg/dl 75 40
LDL cholesterol 120 mg/dl 130 70
Glycosylated hemoglobin (HbATc) % 6.2 46
Immunoglobulin G (IgG) 177 mg/dL 435 114
Immunoglobulin A (IgA) 203 mg/dL 1700 870
Immunoglobulin M (IgM) 36 mg/dL 190 33
a3 83 mg/dL 144 68
C4 30 mg/dL 33 12
Complement activities (CH50) 52.7 50 30
Antinuclear antibody <40 Fold 40 0
PR3-ANCA <30 U/ml 35 0
MPO-ANCA <35 U/ml 35 0
Cryoglobulin Negative

Ferritin 528 ng/ml 465 39
Prothrombin time (PT) INR 093 1.15 0.85
Activated partial thromboplastin time (APTT) 227 sec 40 27
D-dimer 3.1 pg/ml 1.0 0.0
Hepatitis B surface antigen Negative

Anti-hepatitis B surface antigen Positive

Anti-hepatitis B core antigen Positive

HBV-DNA Undetectable LogU/ml



Ibuki et al. BMC Nephrology (2020) 21:27

Table 1 Laboratory data at the time of kidney biopsy (Continued)
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Data Value Units Upper limit Lower limit
HCV antibody Positive

HCV-RNA Undetectable

Serum electrophoresis IgG-k band

K/A ratio 2.8 Fold 1.804 0.248
Urinary occult blood (dipstick) 3+

Urinary protein (dipstick) 4+

Urinary protein 4.5 g/day 0.15 0
Urinary NAG 814 u/L 1.2 0.7
Urinary 32 macroglobulin 5719 pg/L 250 0
Urinary Bence Jones protein lgG-« band

Discussion and conclusions

Cryofibrinogenemia, a rare and potentially serious dis-
order caused by deposition of cryofibrinogen, was first
described by Korst and Kratochvil in 1955 [1]. Cryofibri-
nogenemia may be primary or secondary. Primary cryofi-
brinogenemia is rare, develops spontaneously in healthy
persons, and its prevalence has not yet been determined.
Secondary cryofibrinogenemia is associated with various
diseases, including malignancies, infections, autoimmune
diseases, vasculitis, thromboembolic disease, and sepsis
[3]. Reportedly associated malignancies include B-cell
non-Hodgkin lymphoma, T-cell lymphoma, chronic
myelomonocytic leukemia, multiple myeloma, and gas-
tric and colorectal carcinoma [3, 10]. Reported associ-
ated infectious diseases and infective agents include
Mpycobacterium tuberculosis, Streptococcus spp., Klebsi-
ella pneumonia, Mycoplasma pneumoniae, herpes zoster
virus, hepatitis C virus, and Epstein—-Barr virus [3, 10].

Reportedly associated autoimmune diseases include
lupus, antiphospholipid syndrome, and mixed connective
tissue disease. Our patient had a history of hepatitis B
virus and hepatitis C virus infections (carrier status with
an undetectable viral titer), gastric carcinoma (post-sur-
gery), and non-tuberculous mycobacterial infection.
Various clinical manifestations associated with cryofibri-
nogenemia (mainly skin conditions such as gangrene, ul-
ceration, purpura, livedo reticularis, and Raynaud’s
phenomenon) have been described. However, our pa-
tient had none of these skin conditions.

Kidney disorders associated with cryofibrinogenemia
have also been reported; however, there are few published
detailed descriptions of kidney pathology [4, 5]. Singh and
Gaber described a membranoproliferative glomeruloneph-
ritis (MPGN) without electron-dense deposits, which they
considered to represent chronic microangiopathic changes
associated with cryofibrinogenemia [5]. Nash et al.

Fig. 1 Light microscopy and immunofluorescence microscopy findings. a—¢ Membranoproliferative glomerulonephritis with crescent formation.
Neutrophils are present in the capillary lumens. (a: hematoxylin and eosin stain, b: periodic acid-Schiff stain, ¢ periodic acid methenamine silver
stain); d—f staining for C3 (d), IgM (e) and weak staining for fibrinogen (f). (a-e: original magnification, 40x)
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Fig. 2 Patient’s serum (A) and EDTA plasma (B) were stored for 48 h at 4 °C, after which they were stored for 18 h at 37 °C (A, B). Cryoprotein was
precipitated from plasma but not from serum. The cryoprecipitate redissolved at 37 °C

described glomerular and tubular lesions characteristic of
cryofibrinogenemia in a patient with type 1 diabetes melli-
tus [4]. Sethi et al. and Sudo et al. reported patients who
had membranoproliferative ~ glomerulonephritis ~ with
unique electron-dense deposits [6, 7]. Sethi et al. analyze
cryoprecipitates using mass spectrometry. Sudo et al. per-
formed LC-MS/MS on paraffin sections. Both groups of
researchers detected fibrinogen «, B, and y chains.

In the present case, a membranoproliferative pattern
with endocapillary proliferation and crescent formation
was observed by light microscopy. The capillary lumens
were occluded by infiltration with inflammatory cells in-
cluding neutrophils, and the capillary walls were thickened
by PAS-positive subendothelial deposits. Immunofluores-
cence studies showed strong C3 staining and weak stain-
ing for fibrinogen along the capillary walls and mesangial
areas; however, immunoglobulins were not observed ex-
cept for IgM. On the basis of the light microscopic and
immunofluorescence findings, we concluded that C3
nephritis or the healing stage of infection-related glomer-
ulonephritis were possible diagnoses.

However, ultrastructural examination revealed unusual
subendothelial deposits that were similar to those of the
two patients reported by Sethi et al. [6]. We therefore
suspected a diagnosis of cryofibrinogen-associated glom-
erulonephritis. Additional examination of the ultrastruc-
ture of the cryoprecipitate extracted from our patient’s
plasma revealed similar structures to the glomerular
subendothelial deposits. Thus, on the basis of the ultra-
structural findings and LC-MS/MS results, we eventually
diagnosed cryofibrinogen-associated glomerulonephritis.

In addition, no findings were found to suspect bacter-
ial infection during the disease course; therefore, it is
considered that there is no basis for the healing stage of
infection-related glomerulonephritis. Because the pa-
tient’s medical history included hepatitis B virus and
hepatitis C virus carrier status, gastric carcinoma, and
non-tuberculous mycobacterial infection, we classified
his disease as secondary based on previous reports.

However, unlike the case of Sudo et al., fibrinogen was
not clearly detected by immunofluorescence despite the
detection of fibrinogen by LC-MS/MS. The reason for
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Fig. 3 Electron microscopy. a, b Subendothelial deposits in glomeruli. Unique deposits characterized by randomly arranged large fibrils with large
central bores and double layer structures are apparent. (c) Cryoprecipitate. Similar structures to the subendothelial deposits in glomeruli are
apparent. (Original magnification, a: 4000%, b: 12,000%, ¢: 8000x)




Ibuki et al. BMC Nephrology (2020) 21:27 Page 6 of 8

Probability Legend: Kaea

over 95% ;

80% to 94% S

50% to 79% | %

 aontodon g

0% to 19% 2| &

by - <~
£ 5 |B ¥

= | a| % 5§

P B 0 A2 2 ‘_TJ o =

% | 3 2 | 7 |

2| = [MS/M5 View: 8 i i} % =

# “ | 75 [421 Proteins in 229 Glusters £ = = £l =
1 + Gluster of Fibronectin 05=Homo sapiens GHN=FHN1 PE=1 5V¥=__ FING_HUM__FHN1 263 kDa & 57
2 + Gluster of Filamin—-A 05=Homo sapiens GN=FLNA PE=1 SV=_ FLNA HU.. FLNA 281kDa & 55
3 + Cluster of Fibrinogen alpha chain 05=Homo sapiens GN=FG.. FIBA_HUM__FGA 95 kDa & 19
4 ' Fibrinogen beta chain 05=Homo sapiens GN=FGB PE=1 5¥=2 FIBB_HUM._FGB a6 kDa 15
] 2" Fibrinogen gamma chain O05=Homo sapiens GN=FGG PE=1 5.. FIBG_HUM_.FGG 52 kDa 1
i % Gomplement G3 0S=Homo sapiens GN=C3 PE=1 5V=2 GO3_HUM.. G3 187 kDa & | 84
7 % Gluster of Complement component C9 O05=Homo sapiens GN... GO9_HUM_.. C9 f3kDa * 19
] % Complement G4-A 05=Homo sapiens GN=C4A PE=1 5Vv=2 CO4A HU.. CAA 193 kDa 16
9 % Gluster of Complement G5 0S=Homo sapiens GN=C5 PE=1 5_GO5 HUM_. G5 188kDa & 9
10 % CGomplement component G8 beta chain 05=Homo sapiens GN.. GO8B_HU.. C8B 7 kDa 3
1 © Ie kappa chain G region 05=Homo sapiens GN=IGKC PE=1 §_. IGKC_HUM__IGKG 12 kDa 15
12 “ Ig gamma—1 chain G region 0S=Homo sapiens GN=IGHG1 PE_. IGHG1_HU__  IGHG1 36kDa 14
13 * Ie alpha—1 chain G region 05=Homo sapiens GN=IGHA1 PE=_. IGHA1 _HU_ IGHA1 38kDa 5

Fig. 4 Liquid chromatography-tandem mass spectrometry (LC-MS/MS) using Mascot and Scaffold database identified increased fibrinogen a, 3,
and y chains, fibronectin, filamin-A, and C3
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Table 2 Pathological differentiation and characteristics of glomerular diseases with organized deposits
Cryofibrinogen-Associated GN  Fibronectin GP Cryoglobulinemic GN Immunotactoid GP Fibrillary GN
LM MPGN MPGN MPGN (often with hyaline ~ MPGN occasionally MPGN
thrombi with hyaline thrombi)
IF (Ig deposition)  Often negative Negative IgG and IgM (monoclonal IgG monoclonal or I9G (usually
or oligoclonal) oligoclonal) polyclonal)
EM
Distribution Subendothelial Mesangial, Subendothelial Mesangial, subepithelial, Mesangial,
subendothelial subendothelial subepithelial
Appearance Large microtubular Granules with Microtubules (occasionally  Microtubules Fibrils, rarely
structures focal fibril formation  curved) microtubular
Size (nm) 60-211 12-16 15-45 10-90 12-24
Arrangement Random Random Variable Parallel arrays Random

Abbreviations: GN glomerulonephritis, GP glomerulopathy, LM light microscopy, IF immunofluorescence study, /g immunoglobulin, EM electron microscopy, MPGN
mesangioproliferative glomerulonephritis, /gG immunoglobulin G, IgM immunoglobulin M

this might be that few glomeruli were examined in the
immunofluorescence studies, and the amount of fibrino-
gen deposited on the glomeruli was small.

Differential diagnosis of cryofibrinogen-associated glom-
erulonephritis includes glomerular diseases with organized
deposits, including fibronectin glomerulopathy (GP), cryo-
globulinemic glomerulonephritis (GN), immunotactoid
GP, and fibrillary GN. According to previous reports,
these can be distinguished by their immunohistochemical
characteristics and details of the ultrastructure of the de-
posits were revealed by electron microscopy [6, 11-16].
Histological differences between these glomerular diseases
are shown in Table 2. Microscopically, all these diseases
often show a MPGN pattern; thus, these findings are not
specific to cryofibrinogen-associated glomerulonephritis.
Immunofluorescence studies are positive for IgG in
cryoglobulinemic GN, immunotactoid GP, and fibril-
lary GN, but not in fibronectin GP. Therefore, our
patient was unlikely to have cryoglobulinemic GN,
immunotactoid GP, or fibrillary GN. As to the ultra-
structural morphology of the deposits, cryofibrinogen-
associated GN often presents as a unique, thick,
double layered structure that can be differentiated
from the structures found in fibronectin GP [6]. A
microtubular structure can also be found in cryoglo-
bulinemic GN and immunotactoid GP; however, these
structures are thinner than those of cryofibrinogen-
associated GN. These characteristics enabled us to
differentiate our patient’s disorder from other diseases
with organoid structures [12-16]..

On the basis of our findings and those of Sethi et al.,
we believe that the structures that can be extracted from
plasma can pass through the endothelium and form sub-
endothelial deposits in cryofibrinogen-associated GN.
The localization and size of the deposits, and the types
of substances detected by LC-MS/MS may vary depend-
ing on time from onset to renal biopsy and the amount
of abnormal protein in the plasma [17].

In conclusion, electron microscopic findings on kidney
biopsy and plasma cryoprecipitates are crucial for the
diagnosis of cryofibrinogen-associated glomeruloneph-
ritis. Although it is sometimes difficult to identify the
MPGN pattern, we believe that an accurate diagnosis
can be achieved by focusing on details of the clinical and
pathological findings. Given that there are only a few
published reports of cryofibrinogen-associated glomer-
ulonephritis, and the mechanism by which cryofibrino-
gen forms characteristic structures remains unknown,
further cases need to be accumulated to improve our
understanding of renal involvement in patients with
cryofibrinogenemia.

Abbreviations
C1qg: Complement 1q; C3c: Complement 3¢; GFR: Glomerular filtration rate;
IgA: Immunoglobulin A; IgG: Immunoglobulin G; IgM: Immunoglobulin M
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