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Abstract

We had a 72-year-old man with advanced gastric cancer, poorly differentiated adenocarcinoma, receiving chemotherapy with
S-1 (tegafur, gimeracil, and oteracil potassium) plus oxaliplatin. Ascites developed despite remission of gastric cancer and
metastasis. Given no malignant cells in ascites, leg edema, renal impairment, hypoalbuminemia, and massive proteinuria, we
diagnosed as nephrotic syndrome with microscopic hematuria. Renal biopsy showed membranoproliferative glomerulonephri-
tis with no deposition of immunoglobulins and complements. Of note, electronic microscopy found organized deposits with
microtubular structures in the glomerular capillary lumens and subendothelial spaces. The liquid chromatography-tandem
mass spectrometry method detected fibrinogen alpha chain, beta chain, gamma chain, and fibronectin, and we eventually
diagnosed cryofibrinogen-associated glomerulonephritis. Cryofibrinogen was not detected in plasma. He was expired at 5
months following renal biopsy due to the progression of refractory nephrotic syndrome. In addition to the detailed assessment
of specifically organized deposits, the analysis using liquid chromatography-tandem mass spectrometry method is useful to
diagnose cryofibrinogen-associated glomerulonephritis. We should consider cryofibrinogen-associated glomerulonephritis
as a differential diagnosis when the patients with malignancy showed abnormal urinalysis and renal impairment, though it
is a rare disease.

Keywords Nephrotic syndrome - Membranoproliferative glomerulonephritis - Organized deposit - Mass spectrometry -
LC-MS/MS

Introduction skin necrosis, all of which are triggered by cold irritation.

Thromboembolic events and end-organ dysfunction are

Cryofibrinogen is one of the cryoprotein, which precipi-
tates in the plasma rested at a cold place for over 72 h
and dissolves again rested at room temperature. Cryofi-
brinogen is not detected in the serum but is detected in
the plasma, and it is distinguished from cryoglobulin [1].
Major symptoms of cryofibrinogenemia are purpura,
Raynaud’s syndrome, livedo reticularis, skin ulcer, and
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fatal comorbidities [2].

There is a scarcity of studies reporting cryofibrinogen-
associated glomerulonephritis, showing a sign of mem-
branoproliferative glomerulonephritis (MPGN) in the
optical microscope, negative immunoglobulins and com-
plements in the immunofluorescence method, and unique
tubular-structured organized deposits in the electronic
microscope [3].

We experienced a patient who suffered nephrotic syn-
drome accompanying renal impairment and microscopic
hematuria during chemotherapy for advanced gastric can-
cer, which was eventually diagnosed as cryofibrinogen-
associated glomerulonephritis by renal biopsy and liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
method.
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Case report
Before admission

One year ago, a 72-year-old man was diagnosed with
advanced gastric cancer, poorly differentiated adenocar-
cinoma, with multiple hepatic and abdominal lymph node
metastasis (Fig. 1a,b) as well as deep venous thrombosis
at the left subclavian vein (Fig. 1¢), which was treated by
anticoagulant therapy with 15 mg per day of the oral factor
Xa inhibitor edoxaban. At the time of diagnosis of gastric
cancer, serum albumin was 3.3 g/dL and serum creatinine

was 0.91 mg/dL, and urinalysis showed proteinuria (dip-
stick test 2 +) and hematuria (dipstick test 1 +). He had a
smoking history with 40 cigarettes per day for 30 years
until the age of 53.

Seven cycles of chemotherapy using S-1 (tegafur,
gimeracil, and oteracil potassium) plus oxaliplatin
reduced the sizes of gastric cancer and metastasis. How-
ever, ascites developed 5 months later. Five cools of
weekly paclitaxel monotherapy as a secondary therapy
further improved the disease, whereas the ascites wors-
ened. Peritoneal dissemination was denied by the cytol-
ogy of ascites.

Fig.1 Imaging findings at the time of gastric cancer diagnosis. a
Endoscopic findings of the stomach. A deeply ulcerated tumor with
ulcer mounds on the upper gastric body. b Abdominal contrast-
enhanced computed tomography findings. The yellow arrow indicates
primary tumor of gastric cancer. The red arrow indicates abdominal

Fig.2 Clinical course. SOX S-1
(tegafur, gimeracil, and oteracil
potassium) plus oxaliplatin,
PTX paclitaxel, U-P urine pro-
tein, S-Alb serum albumin, S-Cr
serum creatinine

Olmesartan
Edoxaban

Gastric cancer diagnosis ‘
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lymph node metastasis. The blue arrows indicate liver metastasis. ¢
Chest contrast-enhanced computed tomography findings. The yellow
arrowhead indicates the thrombosis in his left subclavian and brachio-
cephalic vein
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Given the worsening renal function (1.41 mg/dL of serum
creatinine), hypoalbuminemia (2.0 g/dL of serum albu-
min), proteinuria (5.4 g/gCre), and bilateral leg edema, the
nephrotic syndrome was suspected as a cause of worsening
ascites. He was admitted to our institute to receive further
investigation (Fig. 2).

On admission

Body height was 157 cm and body weight was 67.3 kg. He
had a weight gain of 10 kg in the last 6 months. Blood pres-
sure was 164/88 mmHg. His abdomen was distended and
had a fluid wave. Pitting edema was observed in bilateral
legs. He had no skin lesion.

Laboratory data are shown in Table 1. Given the pro-
teinuria, microscopic hematuria, hypoalbuminemia, and
dyslipidemia, he was diagnosed with nephrotic syndrome.
Computed tomography showed massive ascites without
renal atrophy (Fig. 3). Deep venous thrombosis observed
in the left subclavian vein disappeared following 6-month
edoxaban therapy.

Renal biopsy

We performed a renal biopsy to further investigate the
pathology of nephrotic syndrome and construct a therapeu-
tic strategy.

A renal biopsy obtained 43 renal corpuscles under light
microscopy. Although mild interstitial fibrosis and tubular
atrophy were shown, the main lesion was the glomerular
lesion (Fig. 4a). Of them, three glomeruli showed global
sclerosis, and others had lobular accentuation of the glo-
merular capillary tufts with marked mesangial expansion
(Fig. 4b). The capillary walls showed expansion of suben-
dothelial spaces and double contours without spike forma-
tion (Fig. 4¢). The infiltration of foam cells (CD68 positive
macrophages) was found in glomerular capillaries (Fig. 4d).
Any glomeruli had no crescent formations. The glomeru-
lar lesion was membranoproliferative pattern with nodular
formation.

The immunofluorescence staining found no deposition of
immunoglobulins (Fig. 5a, b) and complements (Fig. 5c).
However, fibrinogen was positive in segmental glomerular
capillaries (Fig. 5d).

The electron microscopy showed organized deposits
characterized by randomly arranged tubular structure in the
glomerular capillary lumens (Fig. 6a, b) and subendothe-
lial spaces (Fig. 6¢). These microtubules were 40-50 nm in
diameter and had no layered structure. Besides, the electron
micrograph revealed increased mesangial matrix and diffuse
foot process effacement without subepithelial electron-dense
deposits. We diagnosed him MPGN-like lesion given these
findings.

Diagnostic strategy

We considered cryoglobulinemic glomerulonephritis and
immunotactoid glomerulopathy given the organized depos-
its with unique microtubular structures. However, we denied
these diseases given no cryoglobulinemia or M-protein in
blood and urine. The immunofluorescent staining showed
no deposit of immunoglobulin in the glomerulus.

We considered idiopathic nodular glomerulosclerosis
given the finding of nodular lesion in the glomerulus and
previous history of heavy smoking. We also considered
chemotherapy-induced thrombotic microangiopathy. How-
ever, these diseases could not explain the uniquely organized
deposits in the glomerulus.

LC-MS/MS assessment

We further assessed the etiology of deposited microtubules
for the definitive diagnosis. Following the laser microdis-
section, we performed the LC-MS/MS procedure to deter-
mine the deposited protein, demonstrating the fibrinogen
alpha chain, beta chain, and gamma chain, in addition to
fibronectin (Fig. 7). Glomerular deposits were stained red by
Masson’s trichrome staining, and the deposits showed posi-
tive in immunostaining for fibrinogen (Fig. 8). We finally
reached the definitive diagnosis of cryofibrinogen-associated
glomerulonephritis.

We could not detect cryofibrinogen in the plasma
obtained at the time of renal biopsy, although we cannot
exclude the possibility of false-negative result.

Clinical course (Fig. 2)

We considered that the nephrotic syndrome was associated
with gastric cancer, and continued the chemotherapy, which
was eventually terminated 1 month after the renal biopsy
due to his worsening performance status. The nephrotic
syndrome was refractory to the continued anticoagulation
therapy. He was expired 5 months after the renal biopsy
due to chemotherapy-induced side effects, malnutrition, and
the progression of metastasis, followed by the fatal cerebral
bleeding.

Discussion

Nephrotic syndrome with cancer

It is well known that the nephrotic syndrome is often accom-
panied by malignancy classically as membranous nephrop-
athy due to solid tumors or minimal change disease due

to Hodgkin lymphoma [4]. Various medications used for
chemotherapy also induce nephrotic syndrome [5]. Renal
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Table 1 Laboratory data on

‘ . Laboratory test Result Reference ranges
kidney biopsy

Urinalysis
Urine-specific gravity 1.014
Urine protein G+
Urine occult blood 2+)

Urine sedimentation
Red blood cells, (/high power field) 5-9
White blood cells, (/high power field) 1-4
Fatty casts, (/low power field) 1

Urine chemistry and immunological test
Urine protein, g/g of creatinine 54
Urine immunofixation electrophoresis undetectable

Complete blood cell counts
White blood cells, (/uL) 4690 3300-8600
Red blood cells,(x 10%/uL) 238 435-555
Hemoglobin, (g/dL) 7.3 13.7-16.8
Platelets,(x 10%/uL) 21.5 15.8-34.8

Serum chemistry
Total protein, (g/dL) 4.3 6.7-8.3
Albumin, (g/dL) 2.0 4.1-5.1
Aspartate aminotransferase, (IU/L) 46 12-31
Alanine aminotransferase, (IU/L) 35 8-40
Lactate dehydrogenase, (IU/L) 269 110-210
Blood urea nitrogen, (mg/dL) 29 8-22
Creatinine, (mg/dL) 1.41 0.60-1.10
Total cholesterol, (mg/dL) 297 150-220
Low density lipoprotein cholesterol, (mg/dL) 180 65-163
Triglyceride, (mg/dL) 250 30-150
Sodium, (mEqg/L) 141 138-146
Potassium, (mEq/L) 4.3 3.6-4.9
Chloride, (mEq/L) 112 99-109
Calcium, (mg/dL) 7.6 8.8-10.1

Serum immunological test
Hemoglobin Alc, (%) 5.5 4.6-6.2
C-reactive protein, (mg/dL) 0.21 0.00-0.14
Immunoglobulin G, (mg/dL) 402 861-1747
Immunoglobulin A, (mg/dL) 299 93-393
Immunoglobulin M, (mg/dL) 100 33-183
Complement 3, (mg/dL) 112.7 73.0-138.0
Complement 4, (mg/dL) 24.4 11.0-31.0
50% hemolytic complement activity, (U/mL) 47 3046
Cryoglobulin negative
Serum immunofixation electrophoresis undetectable
Antinuclear antibody negative
Myeloperoxidase-ANCA negative
Proteinase 3-ANCA negative
Anti-glomerular basement membrane antibody negative
Anti-cardiolipin-p2-glycoprotein I complex antibody negative
Anti-cardiolipin immunoglobulin G, (U/mL) negative
Hepatitis B surface antigen negative
Hepatitis C virus antibody negative
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Table 1 (continued)

Laboratory test Result Reference ranges
Coagulation and fibrinolysis examination
Prothrombin time, INR 0.90 0.85-1.15
Activated partial thromboplastin time, sec 29.3 26.541.8
Fibrinogen, (mg/dL) 324 200-400
Fibrinogen/fibrin degradation products, (ug/mL) 38.8 <5.0
D-dimer, (ug/mL) 13.1 <1.0
Tumor marker
Carcinoembryonic antigen, (ng/mL) 32 <34
Carbohydrate antigen 19-9, (U/mL) 23 <37
Carbohydrate antigen 125, (U/mL) 885 <35

ANCA anti-neutrophil cytoplasmatic antibody, INR international normalized ratio

Fig.3 Computed tomography
findings at the time of kidney
biopsy (horizontal view [left]
and coronal view [right]). Bilat-
eral kidneys were not atrophied.
Massive ascites was observed

biopsy is required for the definite diagnosis in patients with
malignancy and nephrotic syndrome.

Among the medications utilized in this patient, oxalipl-
atin is reported to be associated with thrombotic microan-
giopathy or hemolytic uremic syndrome [6]. However, the
patient had no hemolysis or thrombocytopenia. We did not
use anti-vascular endothelial growth factor agents such as
bevacizumab.

Cryofibrinogen and cancer

Approximately 40-70% of all cryofibrinogenemia develops
secondary to other diseases, which are stratified in bacterial
and viral infections, autoimmune diseases, lymphoprolif-
erative disorders, and solid tumors [7-9]. Approximately
4-17% of the secondary cryofibrinogenemia is caused by
malignancy, most of which are hematological malignancy
[7-9], except for one report of colorectal cancer [7]. Detailed
mechanism of the development of cryofibrinogenemia in
patients with malignancy remains unknown.

Cryofibrinogen and thrombotic complications

Dominant comorbidities of cryofibrinogenemia are skin
lesions and thrombotic events. Approximately 5-26% of cry-
ofibrinogenemia accompanies arterial or venous thrombosis
[8—10]. His atypical left subclavian vein thrombosis might
have association with cryofibrinogen.

Cryofibrinogen-associated glomerulonephritis

Approximately 10% of patients with cryofibrinogenemia
had some renal disease [7, 11]. However, its detailed patho-
logical assessments remain unreported [3, 12—15]. Sethi and
colleagues reported two cases as cryofibrinogen-associated
glomerulonephritis [3].

Clinically, patients with cryofibrinogen-associated glo-
merulonephritis show a variety of proteinuria, hematuria,
and renal impairment (Table 2). Cryofibrinogen-associated
glomerulonephritis does not always accompany skin lesions,
as our patient.
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Fig.4 Light microscopic findings in the glomerulus. a Nodular
lesions in glomeruli at low magnification. Mild infiltration of inflam-
matory cells in the renal interstitium and tubular atrophy. (Periodic
acid-Schiff stain, original magnification X40). b Lobular accentua-
tion of the glomerular capillary tufts with marked mesangial expan-
sion and capsular adhesion. Infiltration of foam cells in glomerular
capillaries. (Periodic acid-Schiff stain, original magnification X200).
¢ Expansion of subendothelial spaces and double contours in the
glomerular capillary walls. (Periodic acid-methenamin-silver stain,
original magnification X200). d CD68 positive infiltrating cells in the
glomerular capillaries. (Immunoenzyme stain, original magnification
%200)

d fibrinogen

Fig.5 Immunofluorescence findings of the glomerulus. a Immuno-
globulin G negative (direct immunofluorescence, original magnifi-
cation X200). b Immunoglobulin A negative (direct immunofluores-
cence, original magnification X200). ¢ Complement 3 negative (direct
immunofluorescence, original magnification x200). d Segmental
deposition of fibrinogen in the glomerular capillaries (direct immuno-
fluorescence, original magnification X200)

@ Springer

Pathologically, cryofibrinogen-associated glomerulone-
phritis shows MPGN with no immunoglobulin deposition,
at which fibrinogen is stained at the segmental capillary wall
(Table 3). An ultrastructural study shows organized deposits
of large-bore with multilayered tubular structures and fine
fibrillary structures. In our patient, organized deposits were
small tubular-like and had relatively thinner diameter. In
the electronic microscope, settled protein in plasma shows
the tubular structure, which is similar to those observed in
the glomerulus [3, 15], although we could not assess it. In
plasma, the settlement of fibrinogen might be facilitated
when fibronectin connects fibrin and fibrinogen [16]. Con-
centrated plasma cryofibrinogen might deposit in the glo-
merulus and cause nephritis.

Of note, we observed endocapillary infiltration of
foam cells (CD68 positive macrophages), which is simi-
larly observed in cryoglobulinemic glomerulonephritis.
This might represent immunoreaction to the deposited
cryoprotein.

The existence of immunoglobulin-negative organized
deposits is quite important in the pathological diagnosis
of cryofibrinogen-associated GN, at which the types of
protein are determined by the LC-MS/MS method. In our
patient, we found fibrinogen alpha chain, beta chain, and
gamma chain, in addition to fibronectin using the LC-MS/
MS method.

Given the existence of atypical deep venous thrombo-
sis before any therapeutic interventions, the gastric cancer
itself might be the dominant cause of cryofibrinogenemia.
Despite the remission of gastric cancer during chemother-
apy, nephrotic syndrome rather worsened. Chemotherapy,
such as oxaliplatin [6], might have induced cryofibrinogen-
associated glomerulonephritis accompanying interstitial
fibrosis and tubular atrophy.

Treatment of cryofibrinogen-associated
glomerulonephritis

There is no established therapy for the cryofibrinogenemia,
including cryofibrinogen-associated glomerulonephritis
(Table 2). Specific therapies for the underlying diseases
are recommended for the secondary cryofibrinogenemia.
Steroid, immunosuppressant, anti-coagulation, and plasma
exchange are attempted empirically [2].

In this patient, we could not continue chemotherapy due
to his worsening physical status. Continued anti-coagulation
therapy using edoxaban improved subclavian vein throm-
bosis, whereas nephrotic syndrome remained progressed.
Detailed association between direct oral anti-coagulants and
cryofibrinogen-associated glomerulonephritis remains the
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Fig.6 Electron microscopic findings in the glomerulus. a Large
amounts of organized deposits in the subendothelial spaces (original
magnification x3000). b Higher magnified image of these deposits.

Randomly arranged microtubular structures with 40-50 nm diameter.
(original magnification X20,000). ¢ Similar microtubular structures in
another subendothelial space. (Original magnification x20,000)

Probability Legend: kidn...
over 95%

80% to 94% =

50% to 79% = 5

. 20%to 49% 2 = ~

0% to 19% E S 2

< = -

5 5 2

3 |S MS/MS View: @ s |8

2| £ Identified Proteins (66) g 2 [§=

S | & Including 0 Decoys 2 = a

"4 * Fibronectin 0S=Homo sapiens GN=FN1 PE=1 SV=4 FINC_HUMAN 263 kDa 18
m-"4 * Fibrinogen alpha chain OS=Homo sapiens GN=FGA PE=1 SV=2 FIBA_HUMAN 95 kDa [12
="4 * Fibrinogen beta chain 0S=Homo sapiens GN=FGB PE=1 SV=2 FIBB_LHUMAN 56kDa | 4
=4  Fibrinogen gamma chain 0S=Homo sapiens GN=FGG PE=1 SV=3 FIBG_HUMAN 52kDa | 5
"4 * 1g alpha-1 chain C region OS=Homo sapiens GN=IGHA1 PE=1 SV=2 IGHA1_HUMAN 38kDa | 4

"4 * Complement C3 OS=Homo sapiens GN=C3 PE=1 SV=2 CO3_HUMAN 187 kDa | 8

"4 * Complement C4-B OS=Homo sapiens GN=C4B PE=1 SV=2 CO4B_HUMAN 193 kDa | 6

"4 ' Complement component C9 0S=Homo sapiens GN=C9 PE=1 SV=2 CO9_HUMAN 63kDa | 3

4  Complement factor H 0S=Homo sapiens GN=CFH PE=1 SV=4 CFAH_HUMAN 139kDa | 2
"4 Collagen alpha-3(V1) chain 0S=Homo sapiens GN=COL6A3 PE=1SV=5  CO6A3_HUMAN 344 kDa | 49
4 Vimentin OS=Homo sapiens GN=VIM PE=1 SV=4 VIME_HUMAN 54 kDa |47

Fig.7 Liquid chromatography-tandem mass spectrometry (LC-MS/MS) findings. LC-MS/MS using the Scaffold database identified fibrinogen
alpha chain, beta chain and gamma chain (red arrows) in addition to fibronectin

future concern. Further studies are warranted to establish
the therapeutic strategy for cryofibrinogen-associated glo-
merulonephritis, given the increasing diagnosis of cryofi-
brinogen-associated glomerulonephritis owing to the spread
of LC-MS/MS methodology.

Conclusion

We had a patient with progressive gastric cancer, whose
cryofibrinogen-associated glomerulonephritis progressed
against continued anticoagulation therapy, despite the remis-
sion of malignancy due to chemotherapy.

Fig.8 Serial sections of Masson’s trichrome stain and immunostain-
ing for fibrinogen. Serial sections of Masson’s trichrome stain and
immunostaining for fibrinogen showed that red color of deposition in
glomeruli in Masson staining was identified by positive for fibrinogen,
indicating fibrinogen deposition in subendothelial areas in glomeruli
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Table 2 Literature review of clinical characteristics of the cryofibrinogen-associated glomerulonephritis patients

Reference Age Sex Co-morbidities Proteinuria Hematuria ~ Serum creati- Skin lesions ~ Treatment Outcome
nine
Nash JW, etal. 41 Type 1 diabetes NR NR NR (Renal +) Plasmapheresis NR
[12] mellitus failure)
Hypothyroidism
Deep venous
thrombosis
Singh A, etal. 66 Hypothyroidism (4+) 8-10/HPF 1.4 mg/dL Erythema PSL NR
[13] >7 g/day Ulcers Warfarin
Sethi S, et al. 66 MGUS NR NR NR (AKI) Purpuric rash PSL Dialysis depend-
[3] COPD Ulcers Aspirin ent
Congestive
heart failure
Sethi S, et al. 70 Hepatitis B 3+) 2+) 2.2 mg/dL None PSL Improvement in
[3] virus carrier 8 g/day CY kidney func-
Prostate cancer tion (serum
(post-surgery) creatinine
level decreased
from 3.60 to
1.70 mg/dL
after 6 months
of treatment)
Sudo M, etal. 60 Accelerated (4+) 3+) 3.53 mg/dL None mPSL Unknown due
[14] hypertension 7.6 g/day  30-49 /HPF Heparin to transfer to
another hos-
pital (Serum
creatinine
4.14 mg/dl)
Ibuki E, et al. 78 Hepatitis B (4+) 3+) 3.51 mg/dL None None Dialysis depend-
[15] virus carrier 4.5 g/day ent
Hepatitis C Sudden death
virus carrier
Gastric cancer
(post-surgery)
Nontuberculous
mycobacterial
infection
Our case 72 Advanced gas-  (3+) 2+) 1.41 mg/dL None DOAC (Edoxa- Died of cerebral
tric cancer 5.4 ¢g/gCr  5-9 /HPF ban) hemorrhage
Deep venous
thrombosis

F female, M male, MGUS monoclonal gammopathy of undetermined significance, COPD chronic obstructive pulmonary disease, NR not
reported, AKI acute kidney injury, PSL prednisone, CY cyclophosphamide, mPSL methylprednisolone, DOAC direct oral anticoagulant

In addition to the detailed assessment of specifically
organized deposits, the analysis using LC-MS/MS method
is useful to diagnose cryofibrinogen-associated glomeru-
lonephritis. We should consider cryofibrinogen-associated
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glomerulonephritis as a differential diagnosis when the
patients with malignancy showed abnormal urinalysis and

renal impairment, though it is a rare disease.
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Table 3 Literature review of histopathological findings of cryofibrinogen-associated glomerulonephritis

Reference

Age Sex Histopathological findings

LM

IF

EM (features of organized
deposits)

Identified proteins by LC—
MS/MS

Nash JW, et al. [12] 41

Singh A, etal. [13] 66

Sethi S, et al. [3] 66

Sethi S, et al. [3] 70

Sudo M, et al. [14] 60

Ibuki E, et al. [15] 78

Our case 72

Eosinophilic nodular
deposits within glo-
merular capillaries

MPGN

MPGN

MPGN

MPGN

MPGN with crescent
formation

MPGN

Not reported

IgG(+), IgM(+)

C3(+)

1gG (-), IgA(-), IgM(-)

C3 (+, weakly)

Fibrinogen (+, segmen-
tal)

18G (=), IgA(-), IgM(-)

C3(-)

Fibrinogen (4, segmen-
tal)

IgG (), IgA(-), IgM(-)
C3(+)

Fibrinogen (+)

IgG (=), IgA(-), IgM(+)
C3(+)

Fibrinogen (+, weakly)

1gG (=), IgA(=), IgM(-)

C3(-)

Fibrinogen (4, segmen-
tal)

aggregates of fibrillary
material arranged in a
parallel array 20 nm in
diameter

Not identified

Randomly arranged large
fibrils with tubular
structures

a large central bore; some
have double or triple
layering

158 nm (121-211 nm) in
diameter

Randomly arranged large
fibrils with tubular
structures

a large central bore; some
have double or triple
layering

158 nm (121-211 nm) in
diameter

Randomly arranged tubu-
lar structures
60 nm in diameter

Randomly arranged large
fibrils with large central
bores and double layer
structures

185 nm (150-220 nm) in
diameter

Randomly arranged
microtubular structures
40-50 nm in diameter

Not reported

Not reported

Fibrinogen a,  and y chain
alpha2-macroglobulin
haptoglobin

C3

Filamin

Apolipoprotein B-100

Not reported

Fibrinogen a,  and y chain
Fibronectin

Fibrinogen a, f and y chain
Fibronectin

Filamin-A

C3

Fibrinogen a, f§ and y chain
Fibronectin

LM light microscopy, IF immunofluorescence microscopy, EM electron microscopy, LC-MS/MS liquid chromatography-tandem mass spectrom-
etry, MPGN membranoproliferative glomerulonephritis, /g immunoglobulin, C3 complement 3

Korst DR, Kratochvil CH. Cryofibrinogen in a case of lung

neoplasm associated with thrombophlebitis migrans. Blood.
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