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Introduction

Waldenstrom’s macroglobulinaemia (WM) is a distinct B-
cell lymphoma resulting from the accumulation, predomi-
nantly in the bone marrow, of clonally related lymphocytes,
lymphoplasmacytic cells and plasma cells that secrete a
monoclonal IgM protein [1]. This condition is considered
to correspond to the lymphoplasmacytic lymphoma (LPL)
as defined by the World Health Organisation classification
system [2]. Most cases of LPL are WM, with less than 5%
of cases made up of IgA, IgG and non-secreting LPL.

Epidemiology

WM is an uncommon B-cell malignancy with a reported age-
adjusted incidence rate of 3.4 per million among men and 1.7
per million among women in the USA, and a geometrical
increase with age [3]. The incidence rate for WM is higher
among Caucasians, with African descendants representing
only 5% of all patients. The incidence of WM may be higher
among individuals of Askenazi Jewish decent [4]). Genetic
factors appear to be important to the pathogenesis of WM.
A common predisposition for WM with other malignancies
has been raised [4,5], with numerous reports of familiar clus-
tering of individuals with WM alone and with other B-cell
lymphoproliferative diseases [6-10].

Biology

Cytogenetics

Chromosome 6q deletions encompassing 6q21-25 have
been observed in up to half of WM patients and at a compa-
rable frequency amongst patients with and without a familial
history [7,11-13]. The presence of 6q deletions have been
suggested to discern patients with WM from those with
IgM monoclonal gammopathy of unknown significance
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(MGUS) and to have potential prognostic significance
including impact on progression free survival following
treatment response, although others have reported no prog-
nostic significance to the presence of 6q deletions in
WM [11,13,14].

Mutation in MYD88

A highly recurrent somatic mutation (MYD88 L265P) located
on 3p22.2 was recently identified in WM patients by paired tu-
mour/normal whole genome sequencing and subsequent con-
firmation by Sanger and PCR sequencing [15-20]). MYD88
L265P was present as a somatic mutation in 80-100% of
WM patients, as well as in non-IgM secreting LPL cases.
By comparison, MYD88 L265P was absent in myeloma
samples, including IgM myeloma, and was expressed in
a small subset of MZL patients who likely were WM
patients. The expression of MYD88 L265P in both famil-
ial and sporadic WM patients at the same frequency was
also shown, denoting that acquisition of MYD88 L265P
is a common transforming event for WM regardless of
familial predisposition. Of particular interest has been
the expression of MYD88 L265P in IgM MGUS [15-17].
The functional significance of MYD88 L265P in WM
patients has also been addressed. Knock-down of
MYD88 decreased survival of MYD88 L265P expressing
WM cells, whereas survival was more enhanced by
knock-in of MYD88 L265P versus wild-type MYD388.
These observations are of particular relevance to WM
because NF-xB signalling is important for WM growth
and survival [21] and highlights the relevance of the
MYD88 pathway for novel, targeted therapy of WM.

Nature of the clonal cell

The phenotype of lymphoplasmacytic cells in WM cell
suggests that the clone is a post-germinal centre B-cell.
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This indication is further strengthened by the results of the
analysis of the nature (silent or amino-acid replacing) and
distribution (in framework or CDR regions) of somatic muta-
tions in Ig heavy- and light-chain variable regions performed
in patients with WM [22,23]. This analysis showed a high
rate of replacement mutations, compared with the closest
germline genes, clustering in the CDR regions and without
intraclonal variation. Subsequent studies showed a strong
preferential usage of VH3/JH4 gene families, no intraclonal
variation and no evidence for any isotype-switched tran-
scripts [24,25]. These data indicate that WM may originate
from an IgM* and/or IgM™ IgD™ memory B cell. Normal
IgM* memory B cells localize in bone marrow, where they
mature to [gM-secreting cells [26].

Bone marrow microenvironment

Increased numbers of mast cells are found in the bone marrow
of WM patients, wherein they are usually admixed with
tumour aggregates [2,27]. The role of mast cells in WM has
been investigated in one study wherein co-culture of primary
autologous or mast cell lines with WM LPC resulted in dose-
dependent WM cell proliferation and/or tumour colony
formation, primarily through CD40 ligand (CD40L) signal-
ling. Furthermore, WM cells through elaboration of soluble
CD27 (sCD27) induced the upregulation of CD40L on mast
cells derived from WM patients and mast cell lines suggesting
a microenvironmental support system [27,28].

Clinical features

The excess accumulation of malignant lymphoplasmacytic
cells in the bone marrow is the predominant feature of
WM. Unlike most other indolent B-cell lymphomas,
splenomegaly and lymphadenopathy are present in only a
modest fraction of patients (<20%). The morbidity associ-
ated with WM is caused by the concurrence of two main
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components: tissue infiltration by neoplastic cells and also
the physicochemical and immunological properties of the
monoclonal IgM (Figure 1). The monoclonal IgM can
produce clinical manifestations through several different
mechanisms related to its physicochemical properties,
non-specific interactions with other proteins, antibody
activity and tendency to deposit in tissues [29-31].

Morbidity mediated by the effects of IgM

Hyperviscosity syndrome

Blood hyperviscosity is affected by increased serum IgM
levels leading to hyperviscosity related complications
[32]. The mechanisms behind the marked increase in the
resistance to blood flow, and the resulting impaired transit
through the microcirculatory system are rather complex
[32-34]. The main determinants are as follows: (1) a high
concentration of monoclonal IgMs, which may form aggre-
gates and may bind water through their carbohydrate
component, and (2) their interaction with blood cells.
Monoclonal IgMs increase red cell aggregation (rouleaux
formation) and red cell internal viscosity while also reduc-
ing deformability. Clinical manifestations are related to
circulatory disturbances that can be best appreciated by
ophthalmoscopy, which shows distended and tortuous ret-
inal veins, haemorrhages and papilledema [35] (Figure 2).
Symptoms usually occur when the monoclonal IgM con-
centration exceeds 50 g/LL or when serum viscosity is >4.0
centipoises (cp), but there is a great individual variability,
with some patients showing no evidence of hyperviscosity
even at 10cp [32]. The most common symptoms are
oronasal bleeding, visual disturbances due to retinal bleed-
ing and dizziness that may rarely lead to coma.

Cryoglobulinaemia

In up to 20% of WM patients, the monoclonal IgM can
behave as a cryoglobulin (type I), but it is symptomatic in
5% or less of the cases [36]. Cryoprecipitation is mainly
dependent on the concentration of monoclonal IgM; for this
reason, plasmapheresis or plasma exchange are commonly
effective in this condition. Symptoms result from impaired
blood flow in small vessels and include Raynaud’s phenom-
enon, acrocyanosis and necrosis of the regions most exposed
to cold such as the tip of the nose, ears, fingers, and toes,
malleolar ulcers, purpura and cold urticaria. Renal manifesta-
tions may occur but are infrequent.

Auto-antibody activity
Monoclonal IgM may exert its pathogenic effects through

specific recognition of autologous antigens, the most
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Figure 2. Funduscopic examination of patients with Waldenstrom’s macroglobulinaemia demonstrating hyperviscosity related
changes including presence of (A) dilated retinal vessels with ‘sausaging characteristic’, and (B) peripheral haemorrhages. (A) Courtesy

of Dr Marvin Stone

notable being nerve constituents, immunoglobulin determi-
nants and red blood cell antigens:

IgM related neuropathy

The presence of peripheral neuropathy has been estimated to
range from 5% to 38% in WM patients [37-41]. The nerve
damage is mediated by diverse pathogenetic mechanisms:
IgM antibody activity towards nerve constituents causing de-
myelinating polyneuropathies; endoneurial granulofibrillar
deposits of IgM without antibody activity, associated with
axonal polyneuropathy; occasionally by tubular deposits in
the endoneurium associated with IgM cryoglobulin and,
rarely, by amyloid deposits or by neoplastic cell infiltration
of nerve structures [42]. Half of the patients with IgM neu-
ropathy have a distinctive clinical syndrome that is associ-
ated with antibodies against a minor 100-kDa glycoprotein
component of nerve, myelin-associated glycoprotein (MAG).
Anti-MAG antibodies are generally monoclonal IgMk and
usually also exhibit reactivity with other glycoproteins or gly-
colipids that share antigenic determinants with MAG [43-45].

Cold agglutinin haemolytic anaemia

Monoclonal IgM may present with cold agglutinin activ-
ity; that is, it can recognize specific red cell antigens at
temperatures below physiological, producing chronic
haemolytic anaemia. This disorder occurs in <10% of
WM patients [46] and is associated with cold agglutinin
titers >1:1000 in most cases. The monoclonal component
is usually an IgMxk and reacts most commonly with I/i anti-
gens, with complement fixation and activation [47,48]. Mild
chronic haemolytic anaemia can be exacerbated after cold
exposure, but rarely does haemoglobin drop below 70 g/L.
The haemolysis is usually extravascular (removal of C3b op-
sonized cells by the reticuloendothelial system, primarily in
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the liver) and rarely intravascular from complement destruc-
tion of red blood cell (RBC) membrane. The agglutination of
RBCs in the cooler peripheral circulation also causes
Raynaud’s syndrome, acrocyanosis and livedo reticularis.

Tissue deposition

The monoclonal protein can deposit in several tissues as
amorphous aggregates. Linear deposition of monoclonal
IgM along the skin basement membrane is associated with
bullous skin disease [49]. Amorphous IgM deposits in the
dermis determine the so-called IgM storage papules on the
extensor surface of the extremities—macroglobulinaemia
cutis [50]. Deposition of monoclonal IgM in the lamina
propria and/or submucosa of the intestine may be associated
with diarrhoea, malabsorption and gastrointestinal bleeding
[51,52]. It is well known that kidney involvement is less
common and less severe in WM than in multiple myeloma,
probably because the amount of light chain excreted in
the urine is generally lower in WM than in myeloma and
because of the absence of contributing factors, such as
hypocalcaemia, although cast nephropathy has also been
described in WM [53]. On the other hand, the IgM
macromolecule is more susceptible to being trapped in the
glomerular loops where ultrafiltration presumably contrib-
utes to its precipitation, forming subendothelial deposits of
aggregated IgM proteins that occlude the glomerular capil-
laries [54]. Mild and reversible proteinuria may result, and
most patients are asymptomatic. The deposition of monoclo-
nal light chain as fibrillar amyloid deposits (AL amyloidosis)
is uncommon in patients with WM [55].

Anaemia related to hepcidin
Hepcidin is a peptide hormone that regulates iron metabo-
lism [56]. Although primarily produced by hepatocytes and
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monocytes, WM cells were recently shown to produce
hepcidin [57]. Hepcidin exerts its regulatory function by
binding to and mediating the internalization and subsequent
degradation of the iron export protein ferroportin found on
enterocytes, monocytes and macrophages. Upon ligation
by hepcidin, ferroportin is internalized, ubiquinated and
degraded. By inhibiting ferroportin, hepcidin prevents gut
enterocytes from secreting absorbed iron into the hepatic
portal system, thereby limiting iron absorption. Hepcidin
levels positively correlated with bone marrow disease
involvement and negatively-correlated with haemoglobin
among WM patients [57].

Hypogammaglobulinaemia in WM

Deficiencies in the uninvolved immunoglobulins (IgA
and IgG or both) are very common in patients with
WM and may predispose to recurring sinobronchial
infections [58,59]. The presence of IgA or IgG
hypogammaglobulinaemia was not associated with WM
disease burden, nor was recovery in IgA or IgG observed
following successful treatment of patients, including in
patients who attained a complete response. These findings
suggest either a constitutive defect in B-cell lymphopoeisis
or microenvironmental influence versus direct tumour
related effects may restrain normal B-cell and immuno-
globulin development. Despite investigation of common
mutations associated with common variable immunodefi-
ciency syndrome, a syndrome associated with IgA and/or
IgG hypogammaglobulinaemia, no systematic mutations
were found to suggest a common B-cell defect accounting
for these findings in WM patients [58].

In summary, WM, although an indolent B-cell lym-
phoma, shows distinct molecular, biological and clinical
features. Understanding the fundamental differences of
WM pathophysiology relative to other B-cell lymphomas
can aid clinicians in the diagnostic discrimination and man-
agement of patients with WM.
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