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Abstract
A skeletal muscle involvement associated with skin, renal and liver pathology has been
described in patients with essential mixed cryoglobulinemia. In some cases the muscle atrophy
was consequence of a peripheral neuropathy but in such patients the muscle pathology has not
been defined. Skin and skeletal muscle biopsies were performed in 6 patients with type II
essential mixed cryoglobylinemia. They showed skeletal muscle weakness and atrophy and
slight increase of CPK. Two patients showed clinical signs of peripheral neuropathy. Morpho-
logical studies revealed vasculitis and lymphoid perivascular infiltration in the skin and fascia!
connective tissues. Vasculitis, perivascular lymphoid infiltration and muscle fibre necrosis
were seen in all cases. Immunofluorescence showed IgM and IgG components and complement
fractions in the arteriolar and capillary walls. At immunophenotyping, mononuclear T cells
expressing CD4 and CDS antigen were intermingled with few polytypic B cells. This study
suggest that necrotizing changes in skeletal muscle of patients with type II mixed cryoglobu-
linemia result from a cryoglobulin-mediated vasculitis and/or intravascular precipitation of
cryoglobulins with consequent ischaemic changes on muscle fibres. These alterations may be
overimposed on denervation atrophy seen in patients with documented peripheral neuropathy.
Key words: essential mixed cryoglobulinemia, vasculitis, myopathy, morphology, immuno-
histochemistry.
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Cryoglobulinemias are a group of immunopathologic
diseases recognized and classified according to immuno-
chemical properties of cryoglobulins based on their con-
stituent immunoglobulin proteins [4]. Three major groups
of cryoglobulins are described. Type I cryoglobulins are
characterized by a single monoclonal immunoglobulin,
usually IgM but sometimes IgG or IgA. Type II cryoglobu-
lins consist of mixed monoclonal immunoglobulins: a
monoclonal component (often IgM k) that has rheumatoid
factor activity and a polyclonal immunoglobulin. The type
III cryoglobulins are also mixed cryoproteins molecules.
Because of clinical and pathogenetic differences most
authors tend to separate type I cryoglobulinemias which
are often associated with overt or low-malignancy lympho-
proliferative disorders [16, 17] from type II and III cryo-
globulinemias that are related to hepatitic viruses B and C
[1,12] and to a variety of autoimmune and hepatic diseases
[10]. Some authors regarded type II and III cryoglobu-
linemias as an unique entity called essential mixed cryo-

globulinemia [10, 12, 15] but other authors do not give
confirmation to this unitary view. Type II essential mixed
cryoglobulinemias are clinically characterized by asthenia,
purpura and arthralgia with possible hepatic and renal
involvement [7]. In addition to these manifestations, the
patients show clinical signs of skeletal muscle involve-
ment, a finding interpreted as a consequence of the fre-
quently associated peripheral neuropathy [1, 13, 18].

The aim of the present study is to investigate the skeletal
muscle involvement in cryoglobulinemic patients with or
without peripheral neuropathy, and to obtain informations
as to the pathogenetic mechanisms responsible for muscle
damage. To this end, biopsies from skin, fascia and skeletal
muscle were taken from 6 selected patients with type II
cryoglobulinemia showing clinical and laboratory findings
of myopathy.
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Patients and Methods

Six patients (3 males and 3 females) with cryoglobu-
linemia associated to myopathy were studied. All the pa-
tients entering the study were affected by type II essential
mixed cryoglobulinemia demonstrated by the method of
Meltzer et al [15]. In all cases the cryoglobulins were
characterized using immunofixation (IFE) and classified
as type II (monoclonal IgM with kappa light chain) accord-
ing to Brouet etal [4].

Clinical and laboratory findings of patients are summa-
rized in table 1.

All patients had cutaneous manifestations like purpura,
erythematous patches or ecchymoses in association with
skeletal muscle atrophy and weakness, mainly in the lower
limbs. The patients showed electrophysiological signs of
myopathy and had slight increase of CPK. Two patients
showed an asymmetric sensory-motor neuropathy with
paresthesia and sensory loss in the feet with slight increase
of serum CPK levels. Electrophysiological investigation
showed signs of myopathy in 4 cases and mixed signs of
myopathy and denervation in 2 cases. Bone marrow biop-
sies obtained from each patient with Jamshidi's needle
showed monotypic infiltrates composed by small lym-
phoid elements with plasmocytoid appearance in 4 cases,
the remaining 2 having only a mild hyperplasia of the
hemopoietic series. There was no cerebral or cranial nerve
involvement. All patients suspended any pharmacological
treatment 1 month before muscle biopsy.

Quadriceps femoris muscle, fascial and skin biopsies
were obtained under local anaesthesia with open surgical
methods. Skin and fascial biopsies were divided into two
parts. One was fixed in formalin and embedded in paraffin
and stained according the following methods: hematoxylin
and eosin, PAS, Gomori' silver impregnation for reticulin.
The second specimen was frozen in liquid nitrogen and
cryostat sections were processed for a direct immunofluo-
rescence method for the following monoclonal antibodies:
anti IgA; anti IgG; anti IgM; anti-kappa, anti-lambda (all
obtained from Becton-Dickinson and Dako).

Skeletal muscle biopsies were divided into three parts.
Of these, one was fixed in formalin for routine histology.
The second part was frozed in isopentane cooled in liquid
nitrogen at -170°C and cryostat transverse sections were

stained for the following histological, enzyme-histochemi-
cal and histochemical methods: hematoxylin and eosin,
Giemsa, modified Gomori' trichrome stain, PAS, Oil red
O, ATPase at pH 9.6, 4.6 and 4.35; DPNH-d; COX, acid
and alkaline phosphatase, non-specific esterase. Moreover
cryostat sections were fixed, incubated in normal horse
serum (Vectastain TM ABC Kit, PK 4002) and the follow-
ing monoclonal antibodies were applied: anti-IgA; anti
IgG; anti IgM, anti-kappa; anti-lambda; Leu 14 (CD22,
pan-B cells); Leu 3a + 3b (CD4, helper-inducer T cells);
Leu 3a + b (CDS, cytotoxic / suppressor T cells); Leu 4
(CD3, pan T cells); Leucocyte common antigen (LCA,
CD45); Kp 1 (CD 68, macrophages) (all obtained from
Biotest AG, Becton-Dickinson and DAKO). After wash-
ing the sections were incubated in horse anti-mouse serum
pre-adsorbed with normal human serum. Then the sections
were counterstained with Mayer' haematoxylin and
mounted in glycerin. Morphometry of the fibre diameter
and fibre types was performed with an automatic comput-
erized imaging analyzer (IBAS I and II, Kontron).

Results

Skeletal muscle biopsy

All patients showed necrotizing myopathy of variable
severity. In some patients the number of necrotic fibres was
consistent and patterns of phagocytosis were observed (fig.
1 A). Scattered and dispersed inflammatory infiltrates com-
posed by lymphocytes and histiocytes were seen in en-
domysial and perymisial connective tissues and around
muscle fibres, as well as around intramuscular arterioles
and capillaries (fig. IB and 1C). Vasculitis was sometimes
observed in form of damage of vascular wall with infiltra-
tion of neutrophils, lymphoid cells and histiocytes. Immu-
nocytochemical studies on frozen sections are summarized
in table 2. Infiltrates around blood vessels and muscle
fibres consisted of T cells of both helper/inducer (CD4) and
cytotoxic/suppressor (CDS) phenotype (ratio 3:1), and of
CD68 positive histiocytes intermingled with a slight
number of polytypic CD 22 positive B cells. In two cases
these changes were associated with denervation patterns,
consisting in groups of atrophic angular fibres and in
enzyme-histochemical patterns of "type grouping", indi-
cating denervation with collateral reinnervation.

Table 1. Clinical and laboratory characteristics of patients with type II essential mixed cryoglobulinemia and myopathy.

Case/age/sex Criolg Purpura Arthralgia Weakness Sensory loss Serum CPK EMG

1/64/F
2/68/M
3/58/M
4/57/F
5/64/M
6/60/F

II +++
II ++
II ++
II ++
II +++
II ++

+++ +++ - 380
++ +*+ - 400
++ ' ++ - 360
++ ++ - 420
++ ++ + 280
++ +++ ++ 360

Myopathic
Myopathic
Myopathic
Myopathic
Mixed
Mixed
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•-*•;» . Table 2. Summary of immunophenotyping analysis of
mononuclear cells in skeletal muscle biopsies of 6
patients with cryoglobulinemia.

Cell type marker Range Mean
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Figure 1. A. Variation in the muscle fibre diameters, fibre

necrosis and phagocytosis. Case 2: Hematoxylin
and eosin, X800. B, C. Intramuscular infiltration
by mononuclear lymphoid and histiocytic cells in
muscle biopsies. Case 1 and 5: Hematoxylin and
eosin, X750. D. Perivascular mononuclear infil-
trates in dermal tissues from a skin biopsy. Case 2:
Hematoxvlin and eosin, X400.

Skin biopsy

All patients showed variable patterns of dermal vasculi-
tis, involving capillary, arteriolar and venular walls. Endo-

Leucocyte common antigen (CD45) 100
B cells, CD22 2-6 4.0
T cells, CD3 48-70 57.0
T cells, CD4a 70,0*
T cells, CD8a 23.3*
NK cells. Leu 7 0.5-3 1.2
Macrophages, CD 68, Kpl 20-44 36.0
Dendritic cells, RFD1 4-12 10.0

Ratios CD4/CD8 3.1

* CD4 and CDS cells recorded as percentage of total T cells
(CDS).

thelial swelling and perivascular infiltration by lympho-
cytes, histiocytes and rare neutrophils were observed (fig.
1 D). At immunofluorescence, numerous arteriolar walls
were positive for IgM and IgG components and sometimes
for complement fractions.

Fascial biopsy
Chronic active fasciitis with diffuse inflammatory infil-

tration by lymphocytes, histiocytes and neutrophils was
seen in four cases.

Discussion

Peripheral neuropathy with denervation muscle atrophy
was found to be present in the majority of patients with
mixed cryoglobulinemias [8]. Sural nerve biopsy showed
vasculitis of vasa nervorum and axonal degeneration [5,
21]. Biopsy-documented muscular lymphocytic vasculitis
was recently described in two patients with cryoglobulin
emic peripheral neuropathy of primary Sjogren's syn-
drome [11]. The present study shows for the first time a
microvascular and inflammatory involvement of skeletal
muscle in a series of patients with type II cryoglobu-
linemia. The patients of the present series were more often
middle aged subjects showing asthenia, purpura and
arthralgia; they showed type II cryoglobulins, according to
Brouet and Meltzer et al [4, 15] and presented clinical and
electrophysiologic signs of myopathy with increase of
serum CPK. Two of patients showed clinical and neuro-
physiological signs of peripheral neuropathy. The main
pathological alterations in the skeletal muscle biopsies
were myopathic alterations i.e. degenerative and necrotiz-
ing patterns in muscle fibres and vasculitis with mononu-
clear infiltrates composed by CD4 helper-inducer and CD
8 cytotoxic-suppressor T cells and by CD 68 positive
histiocytes. The predominant cell type invading necrotic
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muscle fibres was the CD 68 positive histiocyte with
patterns of phagocytosis. Infiltration around normal fibres
and among interstitial connective tissues was substained
by T-cells and rare histiocytes, these two cell types repre-
senting more than 70% of the infiltrating mononuclear
elements.

Previous studies have characterized the nature of the
mononuclear infiltrate in skeletal muscle biopsies from
patients with inflammatory and non-inflammatory myopa-
thies. Immunocytochemistry indicated that the main cell
types in juvenile dermatomyositis and X-linked muscular
dystrophies were histiocytes and T lymphocytes with strik-
ing predominance of CD 4 helper/inducer T cells [2,9,14].
These cells coupled with an aberrant class I MHC antigen
expression may be sufficient to induce cell damage in the
inflammatory myopathies [14].

In the present series vasculitis and perivascular infiltra-
tion composed by T cells and histiocytes was seen. Depo-
sition of IgM, IgG and complement fractions in the
vascular walls were also observed together with a variable
inflammatory chronic infiltration in fascial tissues. A study
on a case of paraneoplastic cryoglobulinemic neuropathy
with occlusive microangiopathy by immunoglobulin pre-
cipitation interpreted the mononuclear infiltrates made of
T lymphocytes around the blood vessels as a moderate
inflammatory response secondary to the vascular occlu-
sion [19]. It is assumed that different mechanisms are
involved in the pathogenesis of the cryoglobulinemic pa-
thology: i) aggregation and precipitation of cryoproteins
within the vascular lumen interfering with microcircula-
tion [5, 10, 19]; ii) a possible autoimmune activity of the
cryoglobulinemia and/or vasculitis by circulating immune
complexes [3, 6,10]. In the present series, vasculitis and/or
permanent intravascular cryoglobulin precipitation may be
of pathogenetic relevance for the development of necrotiz-
ing ischaemic alterations in the skeletal muscle and skin
biopsies. They may be considered a cryodependent mani-
festation also responsible for articular, renal and peripheral
nervous manifestations and for the ischaemic multiin-
farctual encephalopathy [20]. The myopathic changes may
be overimposed on denervation muscle atrophy in patients
with documented cryoglobulinemic peripheral
neuropathy.
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