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I. Introduction: The Nature of Macroglobulinemia 

In 1944 Waldenstr~m described 3 patients with a disorder of insidious 
onset occurring in late adult I ife and characterized by anemia, bleeding diathe
sis, variable lymphadenopathy and hepatosplenomegaly, elevated erythrocyte sedi
mentation rate, inti ltration of the marrow by lymphocytoid plasma eel Is, and 
hyperglobulinemia. Serum from these patients had a markedly elevated viscosity 
and contained a globulin of high molecular weight (approximately I mi I lion) as 
determined from its sedimentation coefficient of I9-20S in the ultracentrifuge. 
This serum protein component was, there fore, ca I I ed a "macrog I obu I in 11

• 

Definition: Macroglobulinemia is a plasma eel I dyscrasia (Table I) 
specifically involving eel Is which normally sensitize lgM immunoglobulin. 

TABLE I 

PLASMA CELL DYSCRASIAS* 

Clinically overt forms, with distinctive clinical and pathologic features: 
Myeloma (lgG, lgA, lgD, lgE, Light Chain Disease, nonsecretory) 
Macroglobulinemia (lgM) 
Primary amyloidosis (usually Bence Jones protein) 
Heavy chain diseases (gamma, alpha, mu) 
Lichen myxedematosus (papular mucinosis)(lgG) 

Clinically occult (asymptomatic or presymptomatic) forms: 
Plasma eel I dyscrasias of unknown significance (PCDUS) 

-with chronic infectious or inflammatory pro6esses 
-with nonreticular neoplasms 
-with various other disorders 
-in healthy persons (age-related incidence) 

Transient plasma eel I dyscrasias 

*Modified from Osserman, ref. 2. 

As with other plasma eel I dyscrasias, the hallmark is the production of a mono
clonal immunoglobulin (M-protein) which appears in the serum and is the result 
of a disproportionate increase in a single clone of eel Is (Fig. 1). 

Plasrrc C~l Is 
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Fn. I • Schematic diagram of a possible relationship 
between normal plasma ! l!ft) cells and normal G im
munoglobuli.JlS and between a malignant plasma cell 
(right) clone and the corresponding myeloma protrin 
(M.P.). 



- 3 -

The homogeneous protein product has a discrete electrophoretic mobi I ity and 
contains only a single I ight ·chain class (K or A). Various attempts to 
establish quantitative criteria for diagnostic lgM levels (5 X normal, 10 X 
normal,> 15% of the serum proteins) have been unsatisfactory. The term 
'~acroglobulinemia'' is usually employed to designate the disorder described 
by Waldenstr~m; i.e. the clinically overt form. The term should not be used 
for increases in serum lgM which are of a polyclonal nature. 

Macroglobulinemia is a speci fie clinical entity which significantly differs 
from multiple myeloma. The lgM disease resembles more a malignant lymphoma 
of the non-Hodgkins type and, in many respects, is closely related to chronic 
lymphocytic leukemia (CLL). Macroglobulinemia thus serves as a bridge between 
plasmacytic disorders on the one hand and lymphoprol iterative diseases on the 
other. It is not surprising, therefore, that the morphology and clinical find
ings are variable. However, as noted above, the feature common to alI cases of 
macroglobulinemia is the production of a monoclonal lgM protein. As is true of 
other human plasma eel I dyscrasias and malignant lymphomas, the etiology of 
macroglobulinemia has not been established. 
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globulinemia. Am J Med 43:394, 1967. 
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I I. lqM lmmunoglobul in 

Structure 

lgM consists of five subunits which, I ike other immunoglobulins, are 
composed of disulfide-! inked heavy-1 ight chain pairs (Fig. 2). 

Structure of lmmuno&lobulins 
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FIG 2.. Schematic diagram of immunoglobulin molecules and localization of'struc
tures responsible for primary and secondary functions of antibodies. H = heavy chain; 
L =light chain; CHO =carbohydrate. (Ref. 40) 

The heavy chain, designated mu, has a molecular weight in the range of 65-75,000 
daltons and is composed of an amino-terminal variable portion and a carboxy 
terminal common region. The I ight chains (kappa or lambda) are similar to those 
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found in other classes of immunog lobulins. lgM contains 10- 12% carbohydrat e 
which is covalently I inked to the heavy chains . The four-chain subunit has a 
molecular weight in the range of 180-190,000 daltons and the intact molecule 
is a circular pentamer (Fig. 3) with evidence of some degree of flexibi I ity. 
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F1c . 3. Schematic representation of pentameric yM. (Ref, 18 ) 

The lgM subunits are themselves disulfide-linked and the molecule also contains 
a single J (joining) chain per polymer (Fig. 4). The J chain is attached in 

(lgMsl5J 

Fig . 4. (Ref . 20) 

th e region of the Fe fragment and is also present in polymeric lgA. As is true 
of other immunoglobulins , lgM can be split by proteolytic enzymes (papain, 
t rypsin) into Fab~ and Fe~ fragments. The Fab fragment contains the antibody 
combining site and the Fe fragments are involved in secondary biologic 
activities. Since there are ten Fab fragments per mole of lgM, it might be 
exp ected that the molecule would be decavalent . This has, in fact, shown to 
be the case for smal I antigens. For large protein antigens, however, t he 
valence is usually 5, one of the Fabs on each subunit being unavai I able owing 
to the large size of the antigen. 

I 

'J 
1 
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21. Paul C, Shimizu A, Kohler H and Putnam FW: Structure of the hinge 

region of the mu heavy chain of human lgM immunoglobulins. Science 
I 72': 69, 1971 • 
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acid sequence of the mu heavy chain of a human lgM immunoglobulin. 
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Synthesis 

lgM immunoglobulin is synthesized and secreted by eel Is of the B 
lymphocyte-plasma eel I series. Normal, unstimulated (by antigen) · B lymphocytes 
contain eel I surface receptor immunoglobulin which has been identified as the 
8S lgM subunit (~2, L2). After stimulation by antigen, these B lymphocytes· 
differentiate and prol iterate into plasma eel Is which secrete lgM. In the 
more differentiated eel Is the lgM subunit appears to be the main intracellular 
precursor as determined from eel I culture studies. Polymerization into the 
intact tgM pentamer occurs just before or at the time of secretion. The rela
tionship between intracellular 8S lgM and membrane-bound lgM is incompletely 
understood. 

Under certain condttions low molecular weight (7-8S) lgM is secreted. 
This phenomenon has been described in a variety of disease states including 
systemic lupus erythematosus, unclassified dysproteinemia, hereditary telangiec
tasia, WaldenstrBm•s macroglobulinemia, various other lymphoprol iterative dis
orders, rheumatoid arthritis, and several infectious diseases. In general, 
these low molecular weight lgM proteins are indistinguishable from the 7S 
monomers produced by reduction in alkylation of the intact 19S pentamer. Sic
synthetic studies indicate that the low molecular weight lgM is formed directly 
and at a different rate than 19S lgM. Nevertheless, it is possible that in 
some instances lgM breakdown products are being detected. 

23. Zucker-Frankl in D, Frankl in EC and Cooper NS: Production of macroglobulins 
in vitro and a study of their eel lular origin. Blood 20:56, 1962. 

24. Parkhouse RME and Askonas BA: lmmunoglobul in M biosynthesis. lntracel lular 
accumulation of 7S subunits. Biochem J 112:153, 1969. 

25. Parkhouse RME: lmmunoglobul in M biosynthesis. Production of intermediates 
and excess of I ight-chain in mouse myeloma MOPC 104E. Biochem J 123: 
635, 1971 • 
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I I. Heterogeneity of assembly in eel Is producing lgM proteins. J Exp 
Me d I 33 : I I I 8, I 97 I • 

28. Uhr JW and Vitetta ES: Synthesis, biochemistry and dynamics of eel I 
surface immunoglobulin on lymphocytes. Fed Proc 32:35, 1973. 

29. Pierce CW, Asofsky Rand Sol I iday SM: lmmunoglobul in receptors on B 
lymphocytes: shifts in immunoglobulin class during immune responses. 
Fed Proc 32:41, 1973. 

30. Uhr JW: The membranes of lymphocytes. Hosp. Pract. Mar 1975. 
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31. Solomon A and Kunkel HG: A "monoclonal" type, low molecular weight pro
tein related to yM-macroglobul ins. Am J Med 42:958, 1967. 

32. Stobq JD and Tomasi TB: 
related to I9S lgM. 

A low molecular weight immunoglobulin antigenical ly 
J C I in Invest 46: 1329, 1967. 

33. Solomon A and Mclaughlin CL: Biosynthesis of low molecular weight (7S) and 
high molecular weight (19S) immunoglobulin M. J Clin Invest 49:150, 
1970. 

34. Carter PM and Hobbs JR: C I in i ca I sign i f i cance of 7S I gM i n monoc I on a I I gM 
diseases. Brit Med J g:260, 1971. 

35. Theofi lopoulos AN, Burtonboy G, LoSpal luto JJ and Ziff M: lgM rheumatoid 
factor and low molecular weight lgM. An association with vasculitis. 
Arth Rheum lL:272, 1974. 

Metabolism 

76-80% of injected radiolabeled lgM remains in the intravascular 
compartment. This is similar to the findings on the distribution of fibrinogen 
(80% intravascular) but differs from those of lgG, albumin, and transferrin 
where only about 40-45% of the body content is intravascular. The lgM synthetic 
rate of 6.7 mgs/kg of body weight per day is about 1/4 that of lgG (Table I I). 
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TABLE II 
BIOLOGICAL PROPERTIES AND ACTIVITIES OF HUMAN IMMUNOGLOBULINS" 

Characteristics IgG1 IgG2 IgG3 IgG4 IgA 1 IgA2 IgM IgD IgE 

Setum (mg./mi.) 5-12 2-6 0.5-1 0.2- 1 0.5-2 .Q.-0.2 0.5-1.5 .Q.-0.4 0-0.002 
Secretion + + - (+) ? 
Cerebrospinal 

fluid (p.g./ml.) 2.5-7.5 IgG not detectable 
Half-life in days 23 23 16 23 6 6 5 3 2 
Fractional tum-

over(%) 7 7 17 7 25 18 37 89 
Synthesis 

(mg./kg./ day) 25 3.4 24 7 0.4 0.02 
Placental transfer + + + + 
Classic C ++ + ++ + 
Alternate C + + ± ± 
Prausnitz-Kiistner + 
Reverse passive 

cutaneous 
anaphylaxis + + + 

Macrophages + ± + ± 
Neutrophiles + + + + + + 
Platelets + + + + 
Lymphocytes + ± + ± 
Staphylococcal A + + + 
CystiC fibr~sis 

factor + + 
Rheumatoid 

factor (antigen) ++ + + (+) (+) (+) 

Rheumatoid 
factor 
(antibody) IgG+ IgA+ + 

a Symbols used:-, negative; (+), occasional positive reaction;±, weakly positive; 
+, positive; ++, strongly positive; blank space, not tested. 

(Ref. 40) 

The mean ha l f- 1 ife of surviva l of lgM is 5. 1 days and the fractiona l catabo l ic 
rate is 18% of t he intravasc ul ar poo l per day. Unl i ke lgG, t he catabo l ic rate 
of l gM is not affected by its serum leve l . Th us, the seru m lgM level is 
direct ly re lated to rate of s ynthesis of t he protein (in t he absence of abnormal 
gastrointestina l prote i n loss ) . 

36. Gab uzda TG: The tu rnover and di stribution of I 13 1- la be led mye loma and 
macrog lobulin proteins. J Lab Cl in Med 59:65, 1962. 

37. Barth WF, Wochner RD, Wa ldma nn TA and Fahey JL: Metabo l ism of human g~mma macro
g lobulins. J Cl i n Invest 43: 1036, 1964. 
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38. Wilkinson P, Davidson Wand Sommaripa A: Turnover of 131 1-labeled autologous 
macroglobulin in Waldenstr8m•s macroglobulinemia. Ann lnt Med 65:308, 
1966. 

39. Waldmann TA: Disorders of immunoglobulin metabolism. New Eng J Med 281: 
1170, 1969. 

40. Spiegelberg HL: Biological activities of immunoglobulins of different 
classes and subclasses. Adv lmmunol 12:259, 1974. 

Function 

The serum concentration of lgM is about I mg/ml, accounting for 
approximately 7% of the total serum immunoglobulins. Buckley et al. have reported 
that increased lgM occurs in 3.2% of apparently healthy subjects. The first anti
bodies detected after primary antigenic challenge are usually in the lgM class. 
lsohemagglutinins, cold agglutinins, rheumatoid factors, an..d antibodies aga i nst 
the somatic 0 antigen of gram-negative bacteria are typically, but not exclusively, 
lgM antibodies. The heterophile antibody of infectious mononucleosis is of the 
lgM type. In addition, Rh antibodies, anti-thyroglobulin, anti-insulin, and an t i 
nuclear factors have been detected in the lgM class. Increased lgM serum levels 
are the principal immunoglobulin abnormality noted in patients with malaria, 
trypanosomiasis, and endemic or sporadic non-toxic goiter. In addition, lgM has 
been found in parotid secretions of patients with lgA deficiency. lgM fixes com
ple~ent via the classical pathway but does not cross the placenta (Table I 1). 
Consid~ ·able data support the fact that lgM is the first immunoglobulin to appear 
both phytogenetical ly and ontogenetically. Suppression of lgM synthesis ir chick 
embryos results in a suppression of lgG synthesis as wei I, and data from Cooper's 
group indicate that lgG-producing eel Is arise exclusively from eel Is that previ ously 
synthesize lgM. These results suggest that primary isolated deficiency o~ lgM would 
be unlikely to occur and indeed its existence in hu~ans is questionable. 

. ! 

41. Buckley CE and Dorsey FC: Serum immunoglobulin levels throughout the I ife
span of healthy man. Ann lnt Med 75:673, 1971. 

42. Greenwood BM: Possible role of a B-cel I mitogen in hypergammaglobul inaemi a 
in malaria and trypanosomiasis. Lan~et 1:435, 1974. 

43. Werner SC, Bora S, Koutras DA and Wahlberg P: Circulating immunoglobulin 
M: Increased concentratio~s in endemic and sporadic goiter. Science 170: 
1201' 1970. 

44 . Brandtzaeg P, Fjel Ianger I and Gjeruldsen ST: lmmunoglobul in M: Local 
synthesis and selective secretion in patients with immunoglobulin A 
deficiency. Science 160:789, 1968. 

45. Kincade PW, Lawton AR, Bockman DE and Cooper MD: Suppression of immuno
globulin G synthesis as a result of antibody-mediated suppression of 
immunoglobulin M synthesis in chickens. PNAS 67:1918, 1970. 



- 10 -

46. Cooper MD, Faulk WP, Fudenberg HH, Good RA, Hitzig W, Kunkel H, Rosen FS, 
Sel igmann M. Soothi I I J and Wedgewood RJ: Classification of primary 
immunodeficiencies. New Eng J Med 288:966, 1973. 

Ill. Cytology and Histopathology 

A. Light microscopy 

The lgM-producing eel Is in macroglobulinemia are typically 
described as "lymphocytoid" plasma cells or "plasmacytoid" lymphocytes, i.e. 
ce I Is intermediate between a sma I I I ymphocyte and a mature, typ i ca I pI asma 
eel I. In actuality, the cytology is variable and may consist of a population 
of either predominantly smal I lymphocytes or typical plasma eel Is rather than 
the so-called "intermediate" forms. PAS-positive intranuclear inclusions in 
the eel Is are characteristic but not specific for macroglobulinemia. Similar 
inclusions may be found in the cytoplasm of marrow or peripheral blood lympho
cytes; in some cases these assume the appearance of rod-shaped crystals located 
within the cisternae of the rough endoplasmic reticulum. The histopathology is 
often described as "pleomorphic lymphoma", but a definitive diagnosis of macro
globulinemia cannot be made by I ight microscopy. The bone marrow, spleen, 
lymph nodes, and I iver are the major organs involved in this condition. In the 
marrow there is a focal or diffuse inti ltration by lymphoid eel Is that varies 
in appearance from case to case and within the same individual. ·It should be 
emphasized that such inti ltration may be patchy (5-10% of the ~ucleated eel Is). 
In addition, increased .mast eel Is are characteristically seen in the marrow.1 

In lymph nodes there is frequently a lymphocytic infi ltratio~ of the capsule 
an~ pericapsular adipose tissue and also a blurring of the follicular pattern. 
In some situations the appearance is that of a diffuse or nodular, wei!
differentiated lymphocytic lymphoma. Occasionally, the histologic appearance 
resembles that of histiocytic lymphoma (reticulum eel I sarcoma). A similar 
picture is present in the spleen. In the I iver there is frequently a periportal 
lymphocytic infi ltratio~ of variable proportions. Less commonly, this inti ltrate 
extends along the hepatic sinusoids. It should be emphasized that there are 
cases of Waldenstr~m's macroglobulinemia in whic~ the appearance in lymph nodes 
and other lymphoreticular organs is unremarkable except for modest lymphocytic 
infiltration of the marrow and moderate peripheral lymphocytosis. In non
reticuloendothelial tissues the lymphocytic infiltration is variable and fre
quently absent. 

In view of the inconstant nature of the histopathology, it is not 
surprising that lgM peaks occur with increased frequency in patients who have 
diffuse malignant lymphoma. Thus, Alexanian has found a 4.5% incidence of lgM 
monoclonal serum spikes in patients with diffuse lymphomas (chronic lymphocytic 
leukemia, lymphocytic lymphoma, reticulum eel I sarcoma). This is an incidence 
about 100 times greater than that found in apparently normal individuals. No 
lgM spikes were seen in 218 patients with Hodgkins disease or 292 patients with 
nodular lymphoma. It is noteworthy that none of the patients with lgM peaks had 
hyperviscosity, i.e. , most of the peaks were at a rather low level (median 2.0 
gms%>. . This entity has been called "macroglobulinemic lymphoma". 
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B. Immunofluorescence 

Although alI peripheral blood smal I lymphocytes appear similar, 
the immunofluorescence technique has been of considerable aid in identifying 
BandT eel Is in animals and humans. Normally, about 15-30% of peripheral 
blood lymphocytes carry surface immunoglobulin and are therefore identified as 
B eel Is. In most laboratories the majority of these surface immunoglobulin
positive eel Is stain with anti-~ serum. The surface immunofluorescence and 
other in vitro methods have been most helpful in classifying patients with 
lymphoprol iterative diseases as to th~ B o~ T eel I nature of their lymphocyte 
populations. Most patients with chronic lymphocytic leukemia and the fol I icular 
(nodular) lymphomas have monoclonal B eel I populations. As noted, the principal 
cytologic feature of macroglobulinemia is the pleomorphic character of the 
lymphoid eel Is in the peripheral blood, bone marrow and lymph nodes. Preud 1Homme 
and Sel igmann have studied 34 patients with macroglobulinemia and have found 
that intracytoplasmic staining for monoclonal lgM was restricted to the plasma 
eel Is in the bone marrow and a I imited number of lymphocytes in the bone marrow 
and peripheral blood. In 31 of the patients a large predominance of lymphocytes 
in the marrow possessed membrane-bound lgM. Double-labeling experiments showed 
that most lymphocytes bearing lgM on their surface had no detectable intra
cytoplasmic lgM, whereas those eel Is with intracytoplasmic lgM (including alI 
plasmacytes) also contained membrane-bound lgM with the same I ight chain type 
as the lgM in the serum. In untreated patient~ 15-80% (mean 50%) of the blood 
lymphocytes also had a monoclonal lgM on their surface, despite the absence of 
lymphocytosis in most cases. When the disease was control led by therapy, a low 
percentage of blood lymphocytes (mean 9%) had monoclonal surface lgM. The 
number, size, and intensity of the membrane fluorescence varied greatly from 
eel I to eel I in marrow and peripheral blood samples of a given patient, a find
ing in marked contrast to . the homogeneous fluorescent pattern usually observed 
in CLL. The data suggest that macroglobulinemia represents a proliferation of 
a B eel I monoclone with continuous maturation from the smal I lymphocyte to the 
lgM-secreting plasma eel I, whereas CLL, in most cases at least, represents a 
monoclonal proliferation of B lymphocytes that are blocked in their maturation 
process. In view of the large number of circulating lymphocytes bearing the 
monoclonal marker, macroglobulinemia may be considered a leukemic process. Both 
surface lgD and lgM have recently been detected on the same eel I in macro
globulinemia, a finding analogous to that encountered in CLL; the significance 
of this surface lgD is unknown. 

63. Wanebo HJ and Clarkson BD: Essential macroglobulinemia. Report of a 
case including immunofluorescent and electron microscopic studies. 
Ann lnt Med 62:1025, 1965. 
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65. Hurez D, Flandrin G, Preud'Homme JL and Sel igmann M: Unreleased intra
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Cl in Exp lmmunol lQ:223, 1972. 
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C. Chromosome Studies 

Chromosome aberrations have been reported in a number of cases 
of macroglobulinemia. The abnormal chromosome, which is present in only a 
smal I proportion of dividing lymphocytes may be either a large metacentric, or 
sub-metacentric, supernumerary chromosome. Indistinguishable chromosomal 
aberrations have been reported in patients with lgG and lgA monoclonal gammopa
thies and acute leukemia (myeloblastic and lymphoblastic). Deletions and other 
structural derangements have also been described. The variety of aberrations 
in a single patient and variation in morphology between patients make it unlikely 
that a simple causal relationship between any chromosomal abnormality and the 
etiology of macroglobulinemia exists. 

Several investigators have suggested that genetic factors influence 
serum lgM levels in both health and disease. A population study of 444 normal 
individuals belonging to 64 fami I ies has indicated that the X chromosome carries 
genes which affect the serum lgM concentration. There was no correlation demon
strated for lgA or lgG. The familial occurrence of macroglobulinemia has sug
gested the possibility of a genetic abnormality in the disorder. Two large 
studies of relatives of patients with macroglobulinemia have demonstrated an 
increased incidence of both quantitative and qualitative lgM abnormalities. 
An increased incidence of serum antibodies directed against rabbit or human 
gamma globulin (rheumatoid factors) was found in first degree relatives of pa
tients. The regulatory mechanisms for immunoglobulin and/or antibody synthesis 
seem to be disturbed in these fami I ies, but whether genetic or environmental 
factors are res pons i b I e is uncI ear. 
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IV. Monoclonal Macroglobul ins with Antibody Activity 

Although the etiology and pathogenesis of plasma eel I dyscrasias 
are unknown, the possible role of chronic antigenic stimulation leading to an 
atypical immune response was suggested years ago on clinical grounds alone. 
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Despite the fact that many investigators considered M-proteins to be abnormal 
('~araproteins''), structural data accumulated during the past 15 years have 
failed to generate convincing evidence of such abnormality. In most instances 
there is nothing exceptional about M-proteins except their quantity, which 
reflects the intense prol iteration of a monoclone. This concept has been 
strengthened by the finding of homogeneous M-proteins with antigen-binding 
activity in both humans and mice with plasma eel I dyscrasias. Moreover, there 
is now abundant evidence to indicate that a homogeneous antibody response can 
be induced to certain antigens in animals and man. Finally, the transient 
appearance of serum M-spikes has been wei I documented in patients with vari ous 
disorders. There is some basis, therefore, for suggesting that abnormal eel Is 
in plasma eel I dyscrasias might be derived from eel Is once involved in immune 
responses. 

A. Anti-lgG (Mixed Cryoglobul ins) 

Classic rheumatoid factor is a polyclonal lgM antibody to lgG . 
These anti-gamma globulin factors occur during the course of many chronic dis
orders of a non-rheumatic nature as wei I as in rheumatoid arthritis. They are 
also seen in 2-20% of normal persons. Similar factors arise in hyperimmunized 
man and rabbits. A monoclonal lgM rheumatoid factor was first described by 
Kritzman and associates in a patient with macroglobulinemia. Many other reports 
of patients with macroglobulinemia with lgM proteins which bind lgG are now 
known and it has been estimated that perhaps 10-20% of Waldenstr&m 1s patients 
have proteins with such activity. The characteristic finding in such patients 
is that they have profound mixed cryoglobu linemia with high-titer rheumatoid 
factor activity; titers exceeding I :1,000,000 have been described 
in several patients. It is noteworthy that except for their cryoglobulinemia, 
these patients do not differ clinically from other patients with macroglobulinemia. 
In particular, none of them have had rheumatoid arthritis. Membrane-bound lgM on 
the eel Is from such patients has been shown to possess anti-lgG activity. We 
have had the opportunity to study the antibody nature of two monoclonal macro
globulins from patients with WaldenstrBm 1s macroglobulinemia in our laboratory. 
Some of the structural and functional properties of these two antibodies are 
shown in Table I I I. They are simi lar but not identical. Neither of these 
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TABLE III 

Properties of two Waldenstriim macroglobulin antibodies with anti-/gG activity" 

Property 

Euglobulin 
Rheumatoid factor activity 
Binds native (monomer) IgG 
KA for lgGl, « 
Thermodynamic parameters: 

dF 0 (kcal mole - ') 
dH 0 (kcal mole - •) 
dS 0 (cal deg - • mole-•) 

Antigenic specificity 
Antigen-antibody complex 
Optimal pH for precipitation of complex 
Valence: 

Pentamer lgM 
Isolated Fab~ 

Effective valence of antigen 
Cross-reactivity: 

Lorisiforme IgG 
Rabbit IgG 

V region subgroups: 
Lchain 
Hchain 

Cross-idiotypic specificity 
Complex fixes complement 

a Ref. 97 

lgM ... , 

No 
Yes 
Yes 

6.8 x ro•M - • 

-5.8 ± 0.2 
- 7 ± 1 

.. 
-5 ± 1 

Fc'Y 
Cryoglobulin .~-

6.0 

5 
10 
1 

Yes 
No 

VKI 
vHm 

Po system 
No 

lgM 51• 

No 
Yes 
Yes 

4.5 x ro•M-• 

-5.7 ± 0.1 
··-4.9 ± 1.0 

2.7 ± 0.3 
Fc'Y 

Cryoglobulin 
7.4 

5to 10 
10 
1 

Not tested 
Yes 

VKlllb 
Not known 
Wa system 

No 

patients had evidence of immune complex disease despite profound levels of 
circulating lgM-IgG complexes. In one patient (Sie; see Case 1), cryoglobulinemia 
was constantly present for over 4 years. This contrasts with other patients with 
monoclonal rheumatoid factor cryoglobulinemia who do not have evidence of a mal ig
nant plasma eel I dyscrasia but who do manifest a syndrome of purpura, arthralgias 
and pro! iterative glomerulonephritis. The absence of immunologically-mediated 
tissue injury in the Waldenstr2m 1s patients may relate to the observation that 
neither of our WaldenstrBm proteins fixed complement. Although cryoglobulinemia 
has been described in many patients with macroglobulinemia, it would appear that, 
contrary to previous reports, the cryoglobulin frequently contains multiple com
ponents rather than simply the lgM. 
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B. Anti-1 (Cold Agglutinins) 

With rare exceptions, cold agglutinins are lgM antibod ies that 
bind to the I (or i) antigen on red eel Is at low temperatures and dissociate from 
the eel Is on rewarming. Since most normal individuals have low-titer cold 
agglutinin activity<< I :64), these cold reactive macroglobulins provide an 
example of naturally occurr ing auto-reactive antibodies. Transient rises in 
titer occur in association with various conditions, especially Mycoplasma pneu
monia and infectious mononucleosis; in these instances the lgM molecules are poly
clonal and occasionally cause an episode of immunohemolytic anemia (see Table IV) . 

TABLE IV Differential Diag nostic Feiltures of Cold Agglutinins 
-- -- ---- - --------- - -- ---- - --------------------·-- -- - ------ ----- ---------------- -- -- -- ----- -- ----· -· 

Normal 
I nfeclious 

Mononucleosi3 

Transient 

Atypi ca l Pneumonia Hemolytic Anemia 

Absent Present 
Chronic 

ldiQpa th ic 
---- --------- - --- -------- - ---- -------------~---- - --- - - - -- - - ----- -- ----

Titer 
Usual 1-2 1-64 64-512 512-4,096 2 ' 048·-64 . coo 
Range 0-64 0- 1,024 32-1,024 64- 16,000 1,024-1,00() ,000 

Antibody specificity I i I I I 

Temporal course Stab le Changing Changing Changing Stable 

lrnmunochernical Polyclona l Polyclonal Polyclonal Restricted polyclonal Monoclona l 

ch ar:'!:.: teri stics or polyclone~l 
Cold agglutin in-specific t t Absent May be present Usually presen t 

antigenic deterrnin nnts 
Thermal maximum <Ei·c t w-zs·c >25°C >2G"C 

Clinical signific;:; nce No Yes Yes Ye s Ye s 

HernatrJiogic significa nce No Very rarely No Yes Yes 

Usual age of patient (y1) Any 15 -30 15-30 15- 30 30-70 
-- ---------- --- - ··---- -· - -- --- ------

t Insufficient information ava ilable . 

(Ref. 11 4) 
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By contrast, patients with idiopathic chronic cold agglutinin disease maintain 
very high-titer cold agglutinins for years; these are invariably monoclonal lgM -
nearly always with K-type I ight chains. Many patients with idiopathic cold 
agglutinin disease have been found to have lgM M-components evident on SPE; absorp
tion with red eel Is in the cold removes both theM-peak and cold agglutinin activ
ity. The levels of monoclonal lgM range from I .4-24.5 mg/ml in such individuals 
(Table V). These monoclonal antibodies ·fix complement, thereby giving rise to a 

TABIF. y 
Protein abnurmulitic,, in 18 purie111s ll"ilir co lei lwollag;; lutiu ill ~ymlru111c 

------------·-·-·-·---- ---
A ga r •1·:-.1 cone. I Patie nts I 

(number or 

1 initial s) 
Rcn.arks 

ckctr~phO!"C>i s l ___ (mg ./J~-·) _ ___ 1 _______ ______ _ __ _____________ ___ _ 

lU 

3 

3 

A .V. 

A.R. 

one ;·1\t peak 

no peak 

no peak 

two p eaks : 
yG and yi\1 

one ;G p~.!ak 

3.1-24.5 

1.4 • ' 1.6 • ' 1.9 • 

0.9', 1.2', 2.6' 

13.0 

0.7 

The p.::ak di sapp..:~.r..:d after ;:borpt ic>n v. ith 
red ce ll 5tromata in all of S ca,cs tested 

Monoclon al j'l\·1 seen in imnJuuo
elcctrophorcsis 

No cvidcn-:.:: of monoclo nal i·l\1-gloiJulin in 
immuno.: ledropbon:sis 

The ;-G p eak n:m;,in c:cl, the rl\1 peak cis
appeuccl after abso rption with rtd cdl 
StfOIIJ ;Jta 

Very faint i'M iine bdorc <•hor ption; 
i'G peak rcmain·:d aft.::r <!b>orption v: ith 
strom:Jta 

• The isolated. com:cntratcd cold hacmagglutinin bch<:vcd <>s a m o noc lo na l yM-globulin il! immuno-

etR~f:10n3-, 

positive direct Coombs test of the "non-gamma" type. Patients with the idiopathic 
disorder tend to have a longstanding history of mild to moderate anemia with 
Raynaud's phenomenon and hemoglobinuria following cold exposure. Severity of the 
clinical manifestations depend on affinity, concentration and thermal amp I itude 
of the I~M antibody. Many patients have a non-progressive disorder lasting many 
years, but in others, a picture indistinguishable from macroglobulinemia develops. 
Rare patients with monoclonal macroglobul ins which possessed both cryoglobulin and 
cold agglutinin properties have been reported; one such protein was shown to have 
1-type I ight chains. lmmunochemical and sequence studies have shown marked struc
tural similarities between different lgM cold agglutinins. 
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C. Other Specificities 

II 
A number of other Waldenstrom proteins have been demonstrated 

to have antibody activity <Table VI). 

TABLE VI 

HUMAN MONOCLONAL MACROGLOBULIN ANTIBODIES:ANTIGENS IDENTIFIED 

lgG 
Albumin 
I blood group 
Sp1 blood group 
A1 blood group 
Aged red eel Is 
Cardiel ipin 
Phosphoryl choline 
Lecithin 
Heparin 
Klebsiel Ia polysaccharide 
Antigen-antibody complexes 
Nitrophenyl I igands 

Fibrin monomer (?) 

In general, three classes of antigens have been identified: Autoantigens, bacterial 
antigens, and haptens. It should be emphasized that the methodologic problems in
volved in delineation of antibody activity in homogeneous immunoglobulins are a 
major I imitation. Nevertheless, the finding of human lgM in components with activ
ity for autoantigens and bacterial antigens suggests that an expanded clone of 
eel Is is more likely to undergo neoplastic transformation or that certain clones 
may be more susceptible to such transformation. While normal clones are antigen
regulated and pathologic ones presumably not, antigen can nonetheless be involved 
in the developmental history of the abnormal clone up to the time when the gros s 
abnormality took place. The virtual inability to induce myeloma in the murine 
system when germ-free mice are employed also supports the role of an expanded clone 
as a necessary prerequisite to the development of a malignant plasma eel I dyscrasia. 
The finding of antibody activity to haptenes is also of interest. These activities 
could represent cross reactions to structurally related determinants. However, the 
observation that certain myeloma proteins bind multiple structurally unrelated 
antigens suggests that some antibodies are polyfunctional. The finding that 30% of 
aged NZB/NZW F1 hybrids develop lgM monoclonal spikes also r aises interesting ques 
tions of the relationship between autoimmune disease and the subsequent development 
of malignant lymphoma (see Section VI-B). It should be noted, however, that anti
body activity of the monoclonal macroglobul ins in these mice has not as yet been 

II 
iden t ified. In summary, patients wi -~h Waldenstrom's macroglobulinemia who have 
monoclonal macroglobul ins which possess antibody activity may have clinical 
sequelae related to such antibodies (cryoglobulinemia, cold sensitivity, hemolytic 
anemia). However, the role of an immune response in the pathogenesis of the plasma 
eel I dyscrasia is unclear. 
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V. Clinical and Laboratory Findings 

A. The Hyperviscosity Syndrome 

As noted, Waldenstr~m described elevated serum viscosity in his 
original report on macroglobulinemia. Hyperviscosity syndrome occurs in 30-40% 
of patients; the principal symptoms and signs are I isted in Table VI I. 
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Tab I e vI I . Signs and Symptoms of the Hyperviscosity 
Syndrome" 

Ocular 

Hematologic 

Neurologic 

Cardiovascular 

Renal 

Subjective 

Ref. 149. 

Disturbance in vision to complete loss of vision ; 

Distension and tortuosity of retinal veins "string-<>f-sausage" 
appearance 

Retinal hemorrhage ; papilledema 
Oozing of blood from oral mucous membranes 

Bleeding from nose. urinary and gastrointestinal tract 
Prolonged bleeding at sites of minor surgical procedures 
Anemia 

Headache, dizziness , vertigo, nystagmus, postural hypotension 
Somnolence, stupor , and coma 
Generalized seizures, "EEG changes 
Hearing loss 
Congestive heart failure 
Expanded plasma volume 
Glomerular deposits attributable to HVS? 
Diminished concentrating and diluting ability attributable to 

HVS? I 

Weakness. fatigue, a'!orexia 

Fatigue and generalized weakness are common complaints. Almost alI patients have 
visual disturbances, especially blurred vision . A variety of neurologic problems 
are also seen and range from headache, ataxia and dizziness to seizures, somnolence 
and coma . The abrupt onset of deafness has been described. Skin and mucosal 
bleeding with oozing are frequent. Epistaxis and gingival bleeding are particularly 
common. 

Characteristic findings are apparent on examination of the fundi. The 
initial and most frequent ocular finding is dilatation and tortuosity of the 
retinal veins. This abnormality may reach such enormous proportions that the 
veins appear as large, distended, sausage-shaped loops. This "sausaging" will 
make the diagnosis. Flame- shaped retinal hemorrhages are common, as are capi I lary 
microaneurysms, especially in the periphery. In extreme cases, partial or complete 
central retinal vein occlusion may occur with widespread retinal hemorrhages, 
exudates, retina I edema, and pap i I I edema. In addition to the fundus changes, 
sludging of red eel Is in the conjunctival vessels may also be present. Sludging 
of blood, venous stasis, secondary anoxia, and hemorrhages areal I explicable on 
the basis of the increased serum viscosity. Histologic examination of eyes from 
patients with macroglobulinemia has demonstrated that the changes referable to 
anoxia (loss of vessel pericytes and and endothelial eel Is, numerous capi I lary 
microaneurysms) are most marked in the retinal periphery where circulation is 
poorest. As is true of most findings in hyperviscosity syndrome, rapid reversibi 1-
ity of the retinal lesions is demonstrable soon after serum viscosity is reduced. 
The improvement of the retinopathy is usually seen within a week after plasmapheresis 
and may be almost complete by 2- 3 weeks. However, if actual occlusion of the central 
retinal vein has occurred visual function may not be completely restored . 

Virtually alI patients have increased total blood and plasma volumes and 
hypervolemia correlates with the degree of viscosity. The mechanism for expansion 
o f plasma volume is unknown but appears unrelated to aldosterone-mediated sodium 
retention. Renal functional impairment and glomerular depos1tion of lgM may result 
from hyperviscosity bu t this has not been clearly established (see Section V-C). 
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Determination of relative serum viscosity with an Ostwald viscosimeter is 
simple, rapid and inexpensive. Moreover, this method has been demonstrated to 
correlate wei I with clinical findings. The normal value for relative serum 
viscosity at 37°C is I .4-1 .8 that of water. The high intrinsic viscosity of 
lgM relative to lgG is depicted in Fig. 5. Note that an lgM concentration in 
excess of 4 gm% is associated with a steep rise in viscosity. 
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F i g 5. Relation of serum viscosity to lgM (18 'Y•·macro· 
globulin) level and to lgG (7S 'Y,·globulin) level. In the 
former, macroglobulinemic serum was diluted with 
normal serum and in latter, serum from patient with 
multiple myeloma and lgG myeloma protein was used. 

(Ref. 151) 

If a cryoglobulin is present, viscosity may be markedly temperature-dependent 
(Fig. 6). 
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The hyperviscosity syndrome is rare unless the relative viscosity level rises 
above 4. Most patients are symptomatic with levels between 5 and 10 and alI 
have symptoms at 10 or more. Although considerable variation between patients 
occurs, the viscosity level above which symptoms are produced is strikingly 
reproducible in the same patient. As in polycythemia, recurrence of the same 
symptom often signals the need for a trip to the Blood Bank. Thus each patient 
has his own "symptomatic threshold" (Fig. 7); such a concept implies that 
therapy need only reduce macroglobulin levels sufficiently to bring serum vis
cosity below this threshold (see Cases I and 2 and Section VII 1) • 
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F i g • 7 • Correlation of clinical findings and serum viscosity 
level in a patient with macroglobulinemia. 

(Ref.l51). 

Macroglobulinemia accounts for 85-90% of cases of hyperviscosity syndrome. 
The differential diagnosis includes multiple myeloma, rheumatoid arthritis and 
polycythemia. The two most important features of this syndrome are that I) it 
can be diagnosed by physical examination and 2) most of the symptoms and find
ings are readily reversible by prompt removal of plasma. 

The blood and plasma of patients with macroglobulinemia behave as non
Newtonian fluids, i.e. viscosity increases with decrease in shear rate. If red 
eel Is are added to viscous, macroglobulinemic serum, the viscosity of the 
resultant mixture may approach that of a rigid gel. Thus, rheologic synergism 
between plasma and red eel Is causes the viscosity of whole blood to be greater 
than the sum of the individual viscosity values of plasma and red eel Is in 
protein-free saline. Studies in macroglobulinemic mice have shown that plasma 
or serum viscosity are only partial determinants of whole blood viscosity, and 
the effect of the macroglobulin in causing ·aggregation of erythrocytes in vitro 
may have a role in elevating total blood viscosity. Total blood viscosity was 
elevated and found to be a function of both plasma concentration of macro
globulin as wei I as the hematocrit . These data indicate that measurement of 
total blood viscosity using sophisticated instruments such as a cone plate 
viscosimeter may be theoretically advantageous. However, this equipment is not 
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widely available and the results of viscosity determinations on such instruments 
have not been demonstrated to correlate with clinical findings. Despite the 
fact that capi I lary viscosimeters such as the Ostwald measure only relative 
viscosity of serum without control I ing shear rate, these seem to be much more 
practical and the results can be meaningfully utilized in patient management. 
In some patients, the molecular shape of lgM as wei I as its concentration 
appears to be an important factor in the production of the hyperviscosity syn
drome. Other factors include protein-protein interactions between lgM and other 
plasma constituents (see Case 4). 
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B. Initial Presentation 

Macroglobulinemia accounts for 8-15% of alI plasma eel I dyscrasias. 
It is a disease of the elderly, with highest incidence during the sixth and seventh 
decades, and is rare under the age of 40. It occurs somewhat more commonly in 
males than in females. The disorder, which is frequently mild and compatible 
with prolonged survival, is occasionally discovered in asymptomatic individuals (Sec. VI-A) . 
Many of the initial signs and symptoms relate to elevated serum viscosity, as 
noted previously. The most common presenting symptoms are I isted in Table VI I I, . . 

TABLE VII I 

INCIDENCE OF PRESENTING SYMPTOMS (227 Cases) 

Symptom 

Hemorrhage 
Fatigue, weakness 
Weight loss 
Neurologic disturbance 
Visual disturbance 
Dyspnea 
Infection 
None 
Adenopathy 
Raynaud's phenomenon 
Arthralgias 
Abdominal pains 
Pruritus 
Anorexia 

· Edema 
Mandibular swel I ing 
Psychosis 
Mouth ulcer 

McCallister et al. (Ref. 15) 

No. of Cases 

104 
99 
52 
24 
20 
19 
15 
13 
II 
8 
6 
4 
3 
2 
2 
I 
I 
I 
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and the inc i dence of various ph ysica l findings are shown in Table IX. 

TABLE IX 

INCIDENCE OF PHYS ICAL FINDINGS (227 Cases) 

Finding 

Ocu lar changes 
Hepatomegaly 
Splenomegaly 
Lymphadenopathy 
Neurologic (CNS &/ or peripheral) 
Petechiae, purpura 
None 
Pneumonia, p leural effusion 
Edema 
Congestive heart fai l ure 
Mikulicz's syndrome 
Sjggren's syndrome 
Cutaneous lesions 
Mouth ulcer 

McCallister et al. (Ref. 15) 

No. of Cases 

84 
84 
79 
62 
36 
35 
23 
19 
13 
9 
7 
4 
4 
I 

Fatigue, weakness, anemia, lymphadenopath y, hepatosplenomegaly, and hemorrhagic 
tendency are the most common presenting manifestations. Other frequent findings 
include Raynaud's phenomenon (in patients with cold agglutinins or cryoglobul ins), 
visual disturbances, recurring infections, and various neurologic disorders. It 
should be noted that symptoms referable to bone pain are invariably absent. 

Laboratory Studies: Anemia is present in approximately 80% of 
patients and results from multiple etiologies, including decreased bone marrow 
production, mi ld shortening of red cel l survival, and b leeding wi th superimposed 
iron deficiency. Marked rouleaux is evident on peripheral smear and a very high 
erythrocyte sedimentation rate -usually above 100 mm/hr is seen. The white eel I 
and platelet counts are norma l or low. Variable degrees of lymphocytosis are 
present in the periphera l blood. The bone marrow and lymph node morphology has 
been discussed (see Section I I I). 



- 31 -

Serum protein electrophoresis discloses the typical M-spike (Fig. 8), 

MACROGLOBULINEMIA 

Urine 

r p el A ---------=--
Fig. 8 

(Ref. 2) 

which is demonstrable as lgM with K I ight chains in 80% of cases by immunoelectro
phoresis. Ultracentrifugation is not necessary to make the diagnosis. Gross 
Bence Jones proteinuria occurs in only 10-20% of cases with macroglobulinemia 
(cf. with 60-70% in myeloma). In Bence Jones positive cases, an M-spike wi I I 
be present on urine protein electrophoresis and the I ight chain wi I I be of the 
same class as that present in the serum. Since 50% of lgM's are euglobulins, 
the Sia test is frequently positive. However, this procedure is nonspecific 
and its value overemphasized. Cryoglobul ins and cold agglutinins are common 
(Section IV) and rheumatoid factor or Coombs testing may be positive. Serum uric 
acid may be elevated but calcium and BUN are usually normal. Bone x-rays may 
show osteoporosis but lytic lesions are very rare and should make one question 
the diagnosis. 

Multiple hemostatic defects have been described (Table X). 

Tab I e X. Hemostatic Abnormalities Associated with Dysproteinemias 

I. Hemorrhagic Abnormalities 
(A) Abnormalities of Platelets 

(1) Thrombocytopenia 
(2) Impaired Function 

(8) Abnormalities of Plasma Coagulation Factors 
(1 ) Inhibitors of Coagulation 

(a) Fibrin monomer aggregation 
(b) Factor VIII 
(c) nonspecific-usually detected by thromboplastin generation test 
(d) other coagu lation factors 
(e) Factor X deficiency due to in vivo inactivation 

(2) Depression of Clotting Factors 
(C) Hyperviscosity Syndrome 
(D) Miscellaneous 

II. Thrombotic Abnormalities 

(Ref. 190) 
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Defective platelet factor 3 avai labi I ity, as wei I as reduced adhesion and aggre
gation are common and signify a platelet functional defect with associated pro
longed bleeding time and poor clot retraction. These platelet abnormalities are 
more I ikely to be present with high concentrations <> 5 gm%) of M-protein. 
Coagulation abnormalities seem to be of two kinds: first, the monoclonal protein 
may act as a coagulation inhibitor (circulating anticoagulant) which prolongs 
the clotting time of normal plasma. Interference with fibrin monomer aggregation 
with prolonged thrombin time is especially common. Second, the protein may 
simply complex with the patient's own clotting factors, leading to reduced 
coagulant activity but no inhibitory effect on normal plasma. Thus the bleeding 
tendency in these patients results from multiple mechanisms: coating of formed 
elements by the macroglobulin, high serum viscosity, and other protein-protein 
interactions, particularly with coagulation factors (see Case 4). The hemostatic 
abnormalities tend to be partially or totally correctible by plasmapheresis. 

In common with myeloma patients, individuals with macroglobulinemia tend to 
have reduced levels of the normal immunoglobulins and defective antibody response 
on primary immunization. Infections in patients with macroglobulinemia are 
increased but said to be not as common as in patients with myeloma. In addition 
to humoral deficiency, lymphocyte transformation studies suggest that eel lular 
immunity is reduced in patients with macroglobulinemia. However, no systematic 
investigation of eel lular immunity has been performed. 

Amyloidosis occurs in patients with macroglobulinemia (see Case 3); it tends 
to be less common than in myeloma probably because of the better balance between 
heavy and I ight chain synthesis in the lgM disease. A number of cases of biclonal 
gammopathies have been described in which patients produce both a myeloma protein 
and a Waldenstr2m macroglobulin. The clinical findings in these patients have 
been variabl e, in some resembling more myeloma and in others, the picture being 
more I ike macroglobulinemia. 01 igoclonal macroglobulinemia has also been re
ported, as have triclonal abnormalities consisting of the simultaneous production 
of monoclonal lgA, lgM, and lgG in a single individual. 

See Refs. 1-17. 
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C. Specific Organ System Involvement 

I. Renal 

Renal function studies in patients with macroglobulinemia 
are I imited. The suggestion that elevated serum viscosity might interfere with 
the countercurrent mechanism has been supported by the documentation of improved 
renal concentrating and diluting abi I ity following reduction in serum M-protein 
concentration by plasmapheresis in one patient with lgG myeloma. Similarly, 
lowering of serum viscosity by plasmapheresis has resulted in reduced urinary 
excretion of protein and sodium in a patient with macroglobulinemia. Impaired 
renal acidification has been demonstrated in various hyperglobul inemic states 
including macroglobulinemia; the mechanism is unknown . The most prominent 
anatomic renal lesion in macroglobulinemia has been the finding of intraglomerular 
non - amyloid thrombus-! ike deposits along the endothelial aspect of the basement 
membrane which may occlude the capi I lary lumen. Immunofluorescent studies of 
these deposits have demonstrated lgM without evidence of other immunoglobulins, 
fibrinogen, or complement. Although their functional significance is unclear, 
these subendothelial JgM deposits may constitute the renal manifestation of 
hyperyiscosity syndrome. As n~ed, heavy Bence Jones proteinuria and tubular 
cast ~ormation are most uncommon in macroglobulinemia. The rarity of marked 
light chain excretion and hypercalciuria probably account for the i nfrequency 
of severe renal failure (see Case 4). Glomerular involvement with amyloid may 
be seen (see Case 3); interstitial infiltration with lymphoid ce~ Is and uric 
acid nephropathy occasionally occur. Immune complex glomerulonephritis with 
production of the nephrotic syndrome has been recently described in a patient 
with macroglobulinemia. However, the patient did not have a cryoglobulin and 
the role of the monoclonal macroglobulin in the pathogenesis of the glomerulo
nephritis was unclear. 
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2. Nervous System 

A variety of central and peripheral nervous system involve
ment has been described. Undoubtedly, some of these relate to hyperviscosity 
syndrome (see Sect V-A) since they are reversible with plasmapheresis. However, 
macroglobulinemia with central nervous system manifestations (Bing - Nee! syndrome) 
also has been associated with central nervous system hemorrhage as wei I as 
meningeal and parenchymal inti ltrations of lymphoid eel Is. Occasionally, these 
may assume major proportions and form intracerebral tumors. The monoclonal 
macroglobulin has been demonstrated in cerebrospinal fluid in several patients. 
A patient with the clinical picture of progressive spinal muscular atrophy which 
was reversible after chemotherapy has also been reported. Peripheral neuropathy, 
predominantly sensory, occurs in 10-20% of patients and has been ascribed to 
eel lular infiltrates and hyperviscosity with chronic ischemia. Demyelination of 
peripheral nerve also has been documented. 
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3. Gastrointestinal 
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patients with monoclonal macroglobulin. In the case reported by Pruzanski 
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immunofluorescent and histochemical analysis revealed this material to be com
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active hepatitis. The hep atic disease ultimately led to the death of both of 
these patients. 

228, Cabrera A, delaPaua Sand Pickren J: Intestinal localization of Waldenstr~m's 
disease. Arch Intern Med lli:399, 1964. 

229. Bradley J, Hawkins CF, Rowe DS and Stanworth DR: Macroglobulinemia and 
steatorrhea. Gut ~:564, 1968. 

230. Pruzanski W, Warren R, Goldie J and Katz A: Malabsorption syndrome with 
inti ltration of the intestinal wal I by extracellular monoclonal macro
globulin. Am J Med 54:81 I, 1973. 

231. Cohen S, So lomon A, Parenetto F and Popper H: Subacute hepatitis in 
Waldenstr~m's macroglobulinemia. Am J Med 34:256, 1963. 

232. Wolf R, Riedel L, Levin Wand Ritzmann S: Remission of macroglobulinemia 
coincident with hepatitis. Arch Intern Med 130: 392, 1972. 

4. Pulmonary 

Both diffuse interstitial pneumonitis due to plasma eel I 
inti ltration as wei I as localized pulmonary parenchymal mass disease composed 
of similar eel Is have been reported in occasional patients. Similar pulmonary 
irtvolvement has been described in some patients with Sj8gren's syndrome and 
macroglobulinemia (see below). 
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VI • Spec i a I Considerations 

A. Non-progressive ('Benign") Macroglobulinemia. 

As is true of other plasma eel I dyscrasias, apparently 
stable and non-progressive forms of macroglobulinemia have been described. 
The exact incidence of such cases is unknown but they appear to be rather 
uncommon as compared with analogous instances of lgG "benign" monoclonal 
gammopathies. The natural history of patients with fortuitously discovered 
lgM serum spikes is unclear and, as noted previously, the situation is compl i 
cated by the lack of clear demarcation between aggressive and non-aggressive 
disease. Unless there is clear evidence of malignancy or clinically overt 
disease, therapy should be withheld. Features indicating progressive disease 
include I) marked infiltration of bone marrow or other organs with the lymphoid 
eel Is, 2) a rising serum spike or a serum spike in excess o~ 3 gm%, 3) the 
presence of Bence Jones proteinuria, 4) development of hyperviscosity syndrome, 

_and 5) the development of amyloidosis. It should be emphasized that some mono -
clonal lgM spikes may signify homogeneous antibody responses in individuals 
with chronic infections, inflammation or immunodeficiency. In support of such 

II 
a thesis are the previously noted findings of antibody activity in Waldenstrom' s 
macroglobul ins as wei I as reports of lgM M-spikes in patients with cytomegalic 
inclusion disease, leptospirosis and apparently healthy individuals. Moreover, 
it should be noted that in some of these instances the monoclonal immunoglobulin 
has been present only transiently. 
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B. Association with Connective Tissue Diseases. 

Talal and other authors have described 30 patients with 
coexisting Sj8gren 1 s syndrome and lymphoid malignancy, usually macroglobulinemia 
or histiocytic lymphoma (reticulum eel I sarcoma). 

In the patients with macroglobulinemia and Sj~gren's syndrome, it is unclear 
which disorder developed first. The association between lymphoprol iterative 
disease of B eel Is and autoimmunity also occurs in New Zealand black mice; 
development of monoclonal macroglobulinemia in 30% of such animals who survive 
to eleven months of age may be an experimental counterpart to that described 
in certain patients with Sj8gren's syndrome. It is perhaps surprising that the 
individuals with Sj8gren's who develop lymphoproliferative disease are patients 
who usually do not have rheumatoid arthritis. Macroglobulinemia has been 
described in patients with classic rheumatoid arthritis, however. In these 
individuals the monoclonal macroglobulin usually does not have rheumatoid factor 
activity. A survey of 382 patients with rheumatoid arthritis disclosed mono
clonal serum immunoglobulins in 7.6%, the highest frequency rate occurring in 
individuals whose duration of disease exceeded ten years. The development of 
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been reported. 
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C. Association with Non-lymphoreticular Neoplasms. 

The presence of lgM serum spikes has been reported in 
occasional patients with carcinomas of various types by many investigators. 
Thus Osserman reported 70 cases of plasma eel I dyscrasias associated with non
reticular neoplasms, five of whom had lgM. Three of the five lgM cases had 
carcinoma of the tongue. Migliore and Alexanian studied 5066 cancer patients 
and found a 0.65% incidence of monoclonal gammopathy. The incidence, age, and 
sex distributions were similar to those of the normal adult population sugges t 
ing that the association of monoclonal gammopathy with nonreticuloendothel ial 
neoplasms was fortuitous. 

Waldenstr8m emphasized the apparently high frequency of carcinoma in 
patients with established macroglobulinemia in his early studies. More recently, 
a 20% incidence of carcinoma was noted in 40 patients with macroglobulinemia 
studied by Mackenzie and Fudenberg. Three of the eight patients with carcinoma 
had carcinoma of the lung and three had basal eel I carcinomas. Tumors from t~ 
of these patients were studied by immunofluorescent techniques for antigens 
reactive with the respective patient macroglobulin, but the results were nega
tive. Although the presence of macroglobulinemia may indicate an underlying 
disorder of the immune apparatus which predisposes to the development of 
carcinoma, it seems as I ikely that the increased incidence of nonreticular neo
plasms in these patients may relate to their advanced age and prolonged course. 
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VI I. lqM Heavy Chain (Mu-chain) Disease. 

Mu-chain disease is probably the rarest of the heavy-chain disorders, only 
7 cases having been described (Table X). 

TABLE X 

Summary of 7 Cases of wHeavy-Chain Disease• 

Serum 
CLL Vacuolated ~ Urine Hepato-

Case/Sex/ Dura· Plasma Hypo . }'·Chain spleno· Marked 
Age, yr tion, yr Cells y Bandt BJP }'·Chain megaly PL 

1/M/582 6 +++ + . . . K . . . + . .. 
2/M/6l 9 +++ + . . . . .. . . . + . . . 
3/F/524 20 ++ + .. . IC 

.. . . -t' . . . 
4/M/435 1 ++ (-) . . . IC . . . + . . 

5/M/796 9 + + . .. K . . + + 
6/M/457 . ( ) ( ) ( ) az . . 0.4 'gm/liter + . .. 

7 /F /488 1 ? + . . . K . . + 
• CLL indicates chronic lymphocytic leukemia; BJP, Bence Jones protein; PL, peripheral lymphadenopathy. 
t wChain reactive protein devoid of light chains detected in all sera on immunoelectrophoresis. 
:j: From unpublished data. 

(Ref. 270). 
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The clinical picture has been th a t of long -standing c hroni c lymphoc yti c leuk emi a . 
Affected patients have primarily visceral organ involvement (spleen, I iver, 
abdominal lymph nodes) with little peripheral lymphadenopathy. Vacuolated 
plasma eel Is are present in the bone marrow. Bence Jones proteinuria, type 
kappa, has been documented in five of the patients. Pathologic fractures and 
amyloidosis were seen in the initial patient. Routine serum protein electro
phoresis usually shows hypogammaglobul inemia. The diagnosis is made by the 
finding of a rapidly-migrating serum component which reacts with antiserum to 
mu chains but not with antisera to li-gh L chains. With one exception, free lgM 
heavy chains have not been found in the urine of such patients. There is good 
evidence to indicate that the mu chain protein is a synthetic, not degradative, 
product of the immunoglobulin-producing eel I. In most of the cases the eel I 
appears to synthesize an incomplete mu chain and a I ight chain that are not 
assembled into a complete lgM molecule. It is I ikely that this failure of 
assembly is related to a mutation giving rise to an internal deletion of the mu 
chain in the area where the I ight cha in would normally be covalently attached. 
Mu chain fragments have been rare ly identified in patients with other plasma 
eel I dyscrasias but their origin is unclear. 
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VI I I. Therapy and Prognosis. 

In the initial stages, the disorder may be stable or only 
slowly progressive and no treatment is necessary. The onset of anemia, 
bleeding manifestations, massive organomegaly and symptoms related to the 
hyperviscosity syndrome constitute the major indications tor therapy. 

A. Plasmapheresis. It is important to emphasize that 
essentially alI of the manifestations of hyperviscosity syndrome respond 
quickly and dramatically to plasmapheresis (see Section V-A). The effective
ness of this procedure relates to two factors: I) the tact that nearly SO% 
of alI lgM is confined to the intravascular space and 2) the dependence of 
relative serum viscosity on I~M concentration. Thus, at higher macroglobulin 
levels, i.e. more than 4 gms%, relatively smal I reductions of serum macro
globulin concentrations (15-20%) may reduce relative viscosity by 50-IOO%. 
Plasmapheresis should be undertaken in any patient with evidence of the hyper
viscosity syndrome and is often necessary as an emergency procedure. It can 
be performed at the bedside or in the blood bank and as many as three to five 
units of plasma can be removed daily unti I the viscosity is lowered below the 
patient's symptomatic threshold. Measurements of relative serum viscosity 
should be made before and after plasmapheresis. During the procedure, vital 
signs must be monitored and tl~id replaced. Since alI patients have hyper
volemia, only about two-thirds of the volume of plasma removed is replaced 
with norma1 saline. Most patients with macroglobulinemia tolerate plasma
pheresis without difficulty even when anemic. The return of symptoms suggestive 
of hyperviscosity (e.g. dizzy headaches) indicates the need to repeat the pro
cedure. Some patients are carried on a long-term basis by intermittent removal 
of plasma to maintain the viscosity at a level below that individual's symp
tomatic threshold, much as patients with polycythemia vera are intermittently 
phlebotomized. As much as 300 I iters of plasma has been removed from a single 
patient over a two and a halt year . period without any indication of adverse 
effect. In patients with cryoglobul ins or cold agglutinins centrifugation 
should be performed 37°C in order to prevent the macroglobulin from coming down 
with the eel Is which wi I I be returned to the patient. 

B. Cytotoxic Chemotherapy. Chlorambuci I (Leukeran) is the 
drug of choice and is usually administered in doses of 2 to 6 mg per day p.o. 
Other alkylating agents including cyclophosphamide and melphalan appear to be 
equally effective. Patients have been treated with continuous oral alkylating 
agent therapy tor periods as long as nine years with good control of the dis
ease. However, discontinuance of medication has led to relapse in almost alI 
instances (see Case 4). In such cases, the response to reinstitution of treat
ment has been disappointing. Other agents including corticosteroids have been 
reported to produce good responses in occasional patients. Scattered reports 
of treatment with various mercaptanes (e.g. penici I lamina) have not been en
couraging. Althoug~ penici I lamina can depolymerize lgM in vitro its action 
probably depends on ami ld cytotoxic effect to suppress immunoglobulin synthe
sis, since it is doubtful that the concentration required tor depolymerization 
is achieved in vivo. 
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C. Other Measures. Recurrent infections tend to occur in 
some patients and should be treated vigorously after inappropriate cultures 
are obtained. The presence of hyperuricemia should be treated by the administra
tion of allopurinol. In those few patients who have evidence of Bence Jones pro
teinuria, dehydration must be avoided so that severe renal 
functional impairment does not occur. 

The course of macroglobulinemia is variable but tends to be more benign 
than that of multiple myeloma. Overal I prognosis appears to be closely related 
to response to therapy and median survival appears to be in the range of three 
to five years. Much individual variation is seen, however, the process being 
quite malignant in some patients and comparatively benign in others. Survivals 
of a decade or longer have been wei I documented. 
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IX. Case Protocols 

Case R.S. PMH #37-38-71 

This 55-year-old white male machinist was in good health unti I August, 
1968, when he noted "cold feet" and hemorrhagic areas over the lower extremities. 
One month later, he developed severe generalized headaches, blurred vision, 
gingival bleeding, and epistaxis. At another hospital he was found to have modest 
generalized lymphadenopathy, hepatosplenomegaly, ataxia, purpura, marked engorge
ment of the retinal veins, and ami ld anemia. Bone marrow aspiration disclosed 
21 per cent "lymphoid elements". Serum protein electrophoresis revealed a 6.5 
gm per 100 ml monoclonal spike which consisted of lgM; lgG and lgA levels were 
reduced. The diagnosis of Waldenstr~m's macroglobulinemia with hyperviscosity 
syndrome was made and the patient was treated with intermittent courses of 
ch·Jorambucil over the ensuing 15 months. During this interval his hyperviscosity 
symptoms improved somewhat and the splenomegaly receded. 

The patient was referred to this institution in January, 1970. He sti I I com
plained of headaches, visual disturbances, skin and mucosal bleeding, cold lower 
extremities and a "blotchy" color of the skin over the legs. He denied Raynaud's 
phenomenon and acrocyanosis. There was no history of arthralgias, arthritis or 
morning stiffness, dry eyes, xerostomia, paresthesias, bone pain, weight loss, 
or increased susceptibility to infections. 

An . attack of recurrent rheumatic fever led to a medical discharge from the 
mi I itary in 1943. The patient gave a history of longstanding allergic rhinitis 
but had never received hyposensitization therapy. He denied other allergies, 
asthma, and previous transfusions. The family history was noncontributory. 

On physical examination the patient was obese with normal vital signs, 
petechiae over the left upper arm and livido reticularis over the lower legs. 
There was no significant lymphadenopathy. Funduscopic examination disclosed 
severe venous engorgement with typical sausaging. Marked sheathing of the 
retinal veins was evident; no hemorrhages were present and the optic discs were 
flat. Cardiac examination revealed an atrial gal lop but no murmur. The I iver 
edge was palpable 2 em under the right costal margin and the spleen was palpable 
2 em below the left costal margin. The joints were normal except for the presence 
of Heberden's nodes. Neurologic examination was unremarkable except for mild 
tandem- gait ataxia. The remainder of the physical examination was within normal 
I imits. 

Initial laboratory data included hemoglobin 13.2 gm per 100 ml, hematocrit 
39 per cent, white blood eel I count 4,200 per cubic mm and platelets 150,000 per 
cubic mm. Rouleaux and occasional plasmacytoid lymphocytes were noted on 
peripheral smear. The erythrocyte sedimentation rate (Westergren) was 135 mm 
per hour at 37°C and the Sia test was 4+. Relative serum viscosity was 6.5 at 
37°C; large amounts of cryoglobulin were present which caused a marked increase 
in viscosity below 30°C and opaque serum at 25°C. After I hour at 4°C, the serum 
solidified completely. Serum protein electrophoresis demonstrated a 3.8 gm per 
100 ml homogeneous component in the gamma region. Urinary protein excretion was 
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360 mg per 24 hours and creatinine clearance was I 17 ml per minute. A concentrated 
urine specimen contained kappa but no evidence of lambda I ight chains by immuno
electrophoresis. Bone marrow aspiration disclosed a hypercel lular marrow with 
10 per cent plasma eel Is and focal clusters of lymphocytes. Intranuclear periodic 
acid-Schiff positive inclusions were present in the latter. The patient's red 
eel Is were type A; his serum anti-B titer was I :64. Direct Coombs and cold 
agglutinin tests were negative. Clot retraction was decreased but other coagula
tion studies as wei I as routine chemistries, chest film, bone survey, and electro
cardiogram were within normal I imits. Th~ patient underwent plasmapheresis with 
the removal of 3,300 ml of plasma over a 4 day period with reduction in relative 
serum viscosity to 3.5 and improvement in symptoms of hyperviscosity syndrome. 
Daily chlorambuci I therapy was begun in the dosage of 2 to 4 mg per day which 
produced modest granulocytopenia and maintained the relative serum viscosity 
between 3.0 and 3.5. Serum C3 levels were uniformly reduced (79 to 89 mg per 
100 ml) on 6 different occasions. The serum monoclonal component decreased to 
2.3 gm per 100 ml by September 1971. The patient remained asymptomatic (although his 
cryoglobulinemia persisted) unti I September 1972, when he abruptly developed 
ascites and jaundice. His subsequeni· course was one of progressive hepatic failure 
terminating in death in November 1972. Autopsy disclosed chronic hepatitis with 
postnecrotic cirrhosis and systemic cryptococcosis. 

Case 2 I .H. PMH #43 00 66 

This 61 year old mechanic was wei I unti I early 1972 when he developed 
lassitude, postural dizziness and a "tired feeling" in his chest. His local 
physician referred him to PMH because of anemia and weakness. The patient had a 
notable family history of cancer. 

Physical exam: elderly WM with normal vital signs. Multiple nodular lesions 
were present over the face, arms and back. Enlarged nodes were present bilaterally 
in the supraclavicular, axi I lary and inguinal regions. The fundi showed marked 
venous engorgement with sausaging and hemorrhages o.s. The spleen was palpable 
5 em below the left costal margin and petechiae and ecchymoses were present over 
the lower extremities. 

Lab data: Hgb 7.3, Hct 22, WBC 2500 (26 polys, 74 lymphs), platelets 40,500. 
Peripheral smear demonstrated marked rouleaux. ESR 157. SPE disclosed TSP I I .5 
with alb 3.1 and 6.2 gm% M-spike in tast-y region. IEP: lgM, K with .1- lgG and ' 
lgA. Urine contained no protein. Uric acid 10.6, Ca 9.6, serum viscosity 6.0. 
Coagulation studies and x-rays were negative. 

Course: Lymph node biopsy showed loss of normal architecture with sheets 
of lymphocytes , plasma eel Is and histiocytes (pleomorphic lymphoma). PAS-positive 
inclusions were present in many eel Is. Bone marrow specimen was inadequate. Skin 
lesions were excised and found to be squamous eel I carcinoma (on back) and multiple 
basal eel I carcinomas. The patient was plasmapheresed 30 units with a tal I in 
viscosity to 2.8. Chemotherapy with eytoxan, Prednisone and AI lopurinol was 
begun. He was transfused with packed red eel Is in December 1972 because of 
symptomatic anemia. In March 1973 he was readmitted because of icterus and 
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hepatosplenomegaly . Bi I irubin was 5.9, SGOT 2524 and alk phos 27 CKA). Serum 
M-spike had decreased to 3. 1 gm% and viscosity was 2.5. Hematologic values 
were stable. Liver biopsy di sclosed "acute hepatitis consistent with viral 
etiology". HB antigen was negative. The Cytoxan was stopped and the patient 
never again received alkylating agents . His peripheral counts, M- spike size 
and serum viscosity remained essentially unchanged . By August 1973 a I iver 
battery was totally normal and t he patient felt wei I. Late in 1973, the jaundice 
returned. Repeat I iver biopsy in January 1974 showed periportal fibrosis with 
some bridging and a diagnosis of '~hronic aggressive hepatitis'' was made. He 
was begun on Prednisone 30 mg/day with only minimal improvement in I iver function 
studies subsequently. In March 1974 he was admitted in coma and febrile. He 
was treated for Listeria meningitis but did not improve and expired 9 days later. 
Autopsy disclosed chronic aggressive hepatitis with ear ly postnecrotic cirrhosis, 
and systemic Candidiasis. 

Case 3 D.F. BUMC 130-248 

This 55 year old I tal ian chef was in good health unti I May 1971 when he 
noted peripheral edema, dyspnea on exertion and paroxysmal nocturnal dyspnea. 
He was treated by his private physician for congestive heart failure and admitted 
one month later because of gross hematuria. Past history : known gal !stones for 
20 years with long history of cholecystitis. Physical exam disclosed BP of 94/70 
and right-sided abdominal tenderness. There were no other positive findings. 
Lab data: Hct 44, WBC I I ,300 with normal diff, platelets 347,000. Urinalysis: 
4+ protein and 75- 100 RBC's/HPF. TSP was 5. 6 gm% with alb I .3 and 2.0 gm% 
M-spike in fast gamma region, shown to be lgM,l by IEP. Cholesterol 480, uric 
acid 10.2; other blood chemistries were normal. 

Because of persistent abdominal pain, vomiting and the appearance of a 
palpable mass in the RUQ, the patient underwent cholecystostomy. Cystoscopy 
disclosed hemorrhagic cystitis. He developed overt congestive heart failure in 
the hospital; EKG showed good voltage and non-specific ST-T changes. He was 
discharged with plans for readmission for cholecystectomy at a future date. 

He was readmitted in September 1971 because of a 2-week history of progres 
sive weak ness and anasarca. Serum M-spike was now 3.1 gm% with marked hypo
album inemia as before. Protein excretion was 4.7 gm/24 hr without evidence of 
Bence Jones protein. Amyloidosi s was found on renal biopsy. Bone marrow 
revealed increased eel lularity with 20% lymphocytes and marked rouleaux was 
evident on peripheral smear. Bone films were negative. The patient's edema 
was refractory to diuretics. He developed cardiac conduction defects and 
expired on I 1/9/71 after a cardiac arrest. Autopsy revealed amyloidosis involv
ing the liver, spleen, lymph nodes, kidneys and heart. Cholelithiasis was also 
present. 
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Case 4 W.L. PMH #38-85-95 

This 64 year old BM former construction worker was initially seen here in 
October 1970. He had been followed at USC Medical Center since 1960 when the 
diagnosis of lymphosarcoma had been made on the basis of a bone marrow study. 
In 1961 he had received .i.rradiation therapy to the mediastinum, left chest and 
left axi I Ia. He was found to have macroglobulinemia in 1962. During 1962 and 
'63 he was treated with daily chlorambuci I and since 1964, he had been on daily 
oral Cytoxan (100 mg/day). SPE in March 1968 disclosed TSP of 9.2 gm% with a 
fast-gamma M-spike of 3.9 gm%. 

When first seen here in 1970, the patient was totally asymptomatic and 
physical exam was within normal limits. CBC, ESR, UA, blood chemistries and 
bone films were negative. TSP was 7.6 gm% with no evidence of M-spike on SPE. 
However, an lgM,K protein was identified on IEP. Because of the patient's 
excel lent status and long history of continuous Rx with alkylating agents, the 
Cytoxan was stopped. He did wei I for the next 15 months but in December 1971, 
he developed severe headache and epistaxis. SPE revealed a 2.6 gm% M-spike in 
the ~-region. 

In January 1972 he was admitted to the hospital after an episode of hemat
emesis and melena. Physical exam disclosed sausaging and tortuosity of the 
retinal veins, bleeding gums and hepatosplenomegaly. Lab data: Hgb 10.1, Hct 
30, WBC 8500 and piatelets 207,000. Rouleaux was evident on peripheral smear. 
BUN, creatinine and other blood chemistries were normal. Direct Coombs, cold 
agglutinins and rheumatoid factor were negative. The prothrombin time and PTT 
were normal but the thrombin time was persistently> 60 sees. Fibrinogen was 
350 mg%. Relative serum viscosity was I .8 but plasma viscosity was found to 
be 7.5, suggesting an interaction between the patient's macroglobulin and fibrin
ogen. A cryoprotein was present in both plasma and serum; analysis disclosed 
the presence of lgM and fibrinogen. Bone marrow exam showed a hypercel lular 
marrow with marked inti ltration by plasma eel Is and lymphocytes. An upper Gl 
x-ray was negative. The urine was negative for Bence Jones protein. 

The patient underwent a 12- unit plasmapheresis, following which his mucosal 
bleeding stopped. However, the thrombin time remained prolonged. Treatment 
with chlorambuci I and prednisone was instituted. During the 3rd week of hospital
ization, he developed gram-positive sepsis which responded to vigorous antibiotic 
therapy. During the fifth hospital week, he was discovered to have hematuria 
and ol iguric azotemia (BUN 60, creatinine 10). Cystoscopy and retrograde pyelo
graphy were negative. Renal venography disclosed no abnormalities. Urine IEP 
showed clear-cut kappa Bence Jones proteinuria. Peritoneal dialysis and plasma
pheresis were instituted but the patient again became septic and expired in 
March 1972. An autopsy was not performed. 


