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Tubular injury in multiple myeloma

Afectarea tubulară în mielomul multiplu
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I. Multiple myeloma - clinical & labora-
tory features; diagnostic criteria

Epidemiology
According  to  the  literature,  multiple

myeloma (MM) may be attributed almost 1% of all
cases with neoplasia and about 10% of hemato-
logic malignancies in the USA (1, 2). The annual
incidence rate in the USA is approximately 4-5 per
100.000 individuals. A similar incidence rate has
been reported in the UK and in Europe (3-5).

The incidence is equal in all races and
geographic locations, and varies by ethnicity; in
African Americans and Blacks from Africa this
is increased 2 to 3 fold as compared to that one
in Caucasians (6, 7). By contrast, the incidence
is lower in Asians from Japan and in Mexicans
(7,  8).  Moreover,  multiple  myeloma  occurs
more frequently in men than it does in women
(approximately 1.4:1) (7).

The risk of developing MM is approxi-
mately 3.7-fold higher for persons with a first- de-

gree relative suffering from the disease; also, it has
been reported in identical twins, and in four mem-
bers spanning three generations in one family (9).

Clinical findings
Upon diagnosis, the vast majority of pa-

tients with MM present with symptoms related to
the infiltration of  plasma cells into the bone or
other organs, or to kidney injury resulting from ex-
cess  light  chains.  In  a  retrospective  study  con-
ducted  on  1027  consecutive  patients  diagnosed
with MM in a single hospital, the authors found the
following symptoms on admission (6):

• Anemia of unexplained cause - 73%;
• Bone pain - 58%;
• Elevated serum creatinine - 48%;
• Fatigue - 32%;
• Hypercalcemia - 28%;
• Weight loss - 24%.
Anemia. Normocytic,  normochromic

anemia (Hb ≤12 g/dL) is found in 73% of pa-
tients upon diagnosis, and in 97% of individuals
at a certain point in the course of the disease (6).
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This  type  of  anemia  can  be  caused  by  bone
marrow replacement,  kidney  damage,  and by
dilution in the case of a large M-protein.

Bone pain. More frequently in the back or
chest, and less often in the upper or lower extremi-
ties, bone pain is present at the time of diagnosis in
60% of patients (6). This type of pain is commonly
induced by movement and does not occur during
night, except with change of position.

Renal disease.  Serum creatinine is in-
creased  in  almost  one-half  of  patients  at  the
time of diagnosis (> 2 mg/dL in approximately
20% of cases); also, it should be underlined that
renal function decline may be the initial mani-
festation of multiple myeloma (6, 10).

Radiculopathy,  usually  involving  the
thoracic or lumbosacral area, is the most com-
mon  neurologic  finding,  subsequent  to  com-
pression of the nerve by paravertebral plasma-
cytoma or occasionally by the collapsed bone.

Spinal  cord  compression from an ex-
tramedullary plasmacytoma and/or a bone frag-
ment due to pathologic fractures of the vertebral
body occurs in approximately 5% of patients.

Peripheral neuropathy is usually due to
amyloidosis. 

Central  nervous  system  involvement.
Intracranial  plasmacytomas  are  rarely  diag-
nosed  and  almost  represent  extensions  of
myelomatous lesions of the skull. 

Laboratory findings
Monoclonal proteins. The presence of a

monoclonal (M) protein in the serum or urine of
patients is one of the major diagnostic criteria.
It is known that 97% of patients with MM have
an M-protein produced and secreted by the ma-
lignant plasma cells. This M-protein can be de-
tected by serum protein electrophoresis (SPEP)
and  by  urine  protein  electrophoresis  (UPEP)
performed from a 24-hour urine collection sam-
ple.  Diagnosis  accuracy  is  enhanced  by  im-
munofixation in the serum and urine (6).

The M-protein appears as a single nar-
row peak in the gamma, beta, or alpha-2 region
of the densitometer tracing, or as a dense, dis-

crete  band  on  the  agarose  gel.  Serum  im-
munofixation confirms the presence of the M-
protein and determines its type. 

Typical  monoclonal  pattern.  Kappa is
the main light chain isotype found as compared
with lambda, by a factor of 2:1. Data from the
literature show that SPEP demonstrates a local-
ized  peak  in  82% of  patients  with  MM (6).
Moreover, the use of serum protein immunofix-
ation increases its sensitivity to 93%.

Light  chain myeloma.  Almost  20% of
patients with MM are only identified with light
chains in the serum or urine, lacking expression
of  the  immunoglobulin  heavy  chains.  These
ones  are  detected  by  UPEP  and  urine  im-
munofixation. The incidence of renal failure is
much higher  in  light-chain  myeloma,  case  in
which serum creatinine levels exceed 2 mg/dL.

Furthermore, circulating monoclonal pro-
teins  may  interfere  with  several  lab  tests  per-
formed on automated analyzers, either by precipi-
tating during the analysis, or by specific binding
capabilities. The most common artefacts are low
levels for HDL-cholesterol, high levels for serum
bilirubin,  and altered measurement of inorganic
phosphate.  Although it  is  not  considered a lab
artefact, monoclonal serum proteins can increase
the serum viscosity and ESR (this explains why in
MM the ESR rate is greater than 20 mm/h, reach-
ing values of >100 mm/h in one-third of patients).

Hypercalcemia. This laboratory finding
occurs in 28% of patients with MM upon diag-
nosis. Calcium levels are above 11 mg/dL in al-
most  13% of  cases and require  treatment (6).
The mechanism may be due to the binding of
the monoclonal protein to calcium in the blood.

Urinalysis. In patients with MM the clinical
findings consist of renal failure due to cast nephropa-
thy. Alternatively, kidney disease associated with MM
can be due to amyloidosis or light chain deposition
disease. Urine dipstick can primarily detect albumin,
not light chains, which can only be isolated from the
24-hour urine collection sample.

Peripheral  smear. The  common  find-
ings on peripheral  smear are  rouleaux forma-
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tion (over 50% of patients with MM), leukope-
nia (20% of cases), and thrombocytopenia (5%
of patients)  (6).  The monoclonal  plasma cells
are rarely seen in the peripheral smear.

Bone marrow examination. The bone mar-
row sample contains ≥ 10% clonal plasma cells. Be-
cause of patchy bone marrow involvement, the bone
marrow biopsy may show < 10% plasma cells in ap-
proximately 4% of patients. The diagnosis of MM is
established, in case of patients with < 10% plasma
cells, if other diagnostic criteria are present and/or af-
ter histopathologic confirmation.

Diagnostic criteria
The  Mayo  Clinic  and  International

Myeloma Working Group criteria for the diag-
nosis of symptomatic MM focus on end-organ
damage in making the diagnosis (11-14).  The
following criteria must be fulfilled in order to
diagnose symptomatic cases of MM:

• Evidence of  an  M-protein in  serum
and/or urine; no specific level of M-protein is
used as a cut-off  value, mainly because ap-
proximately  40%  of  patients  with  sympto-
matic MM have an M-protein of < 3 g/dL; 

• Presence of 10% or more clonal bone
marrow plasma cells; also, it should be noted
that 4% of patients may have less than 10%
plasma cells, since marrow involvement may
be focal. In these cases, diagnosis of MM can
be made, by fulfilling other diagnostic crite-
ria, and after histopathologic confirmation of
a soft tissue or bone plasmacytoma;

• Evidence of  related  organ  or  tissue
impairment  which  can  include:  hypercal-
cemia, renal  failure,  anemia,  and lytic bone
lesions detected by radiographic survey.

II. Renal involvement in multiple myeloma

Renal  involvement  is  relatively  com-
mon in patients suffering from MM. The occur-
rence of renal failure is heterogeneous and in-
volves various mechanisms (9, 15, 16). In two
large-scale  studies,  43%  of  998  patients  had
serum  creatinine  levels  >  1.5  mg/dL  (133

µmol/L) (10) and 22% of 423 patients had serum
creatinine levels > 2.0 mg/dL (177 µmol/L) (16).

Several studies have underlined the correla-
tion between severity of renal function impairment
and patient survival rate. In the study conducted by
Winearls, one-year patient survival was 80% in pa-
tients with serum creatinine levels below 1.5 mg/dL
versus 50% in those with a serum creatinine above
2.3 mg/dL upon diagnosis (9). The response rate of
renal failure to specific therapy seems to have prog-
nostic value. In their study, Bladé et al showed that
renal function recovery was reached in 26% of pa-
tients with renal failure at presentation. These patients
had a survival rate of 28 months as compared to four
months in those with irreversible renal failure (15).

The types of renal involvement in multiple
myeloma can be summarized as follows (17):

Glomerular  involvement  in  multiple
myeloma

• Primary (AL or rarely AH) amyloidosis;
• Monoclonal immunoglobulin deposi-

tion  (light  chain  deposition  disease,  heavy
chain deposition disease, and light and heavy
chain deposition disease);

• Collapsing FSGS due to drugs (e.g.,
Pamidronate); 

• Miscellaneous  (monoclonal  cryo-
globulinemia,  proliferative  glomerulonephri-
tis due to monoclonal IgG deposition).

Tubular impairment in multiple myeloma
• Light  chain  cast  nephropathy

(myeloma kidney);
• Proximal  tubule  dysfunction  (ac-

quired Fanconi syndrome);
• Distal tubular dysfunction;
• Acute ischemic or toxic nephropathy.

Interstitial involvement in multiple myeloma
• Plasma cell infiltration;
• Tubulointerstitial nephropathy.
Other causes  of renal involvement in

multiple myeloma (16, 18):
• Volume depletion (contributes to cast

nephropathy, or acute tubular necrosis);
• Hypercalcemia,  with  or  without

nephrocalcinosis;
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• Hyperuricaemia;
• Tubulointerstitial  nephritis  (often

drug-induced);
• Plasma cell infiltration of the kidneys;
• Hyperviscosity syndrome.
Biomarkers  of  acute  kidney  injury

(AKI) in multiple myeloma 
Although serum creatinine is the biomarker

most frequently used in clinical practice for the diag-
nosis of acute renal failure, it was demonstrated that it
is  an insensitive  and unreliable  biomarker  during
acute changes in kidney function. Moreover, serum
creatinine levels only increase when half of the kid-
ney function is lost (19-22).

Urinary  beta2-microglobulin represents  a
low-molecular  weight  protein  filtered  at  the
glomerular level and reabsorbed mainly in the proxi-
mal tubular cells. In clinical practice, this is used as
an indicator of proximal tubule dysfunction (23). 

Cystatin C has an important role in the
early detection of renal function alteration, even in
mild renal function impairment, mainly because of
its high sensitivity (24). This biomarker has a supe-
rior diagnostic value in the evaluation of AKI due
to its short half-time (25). 

Kidney injury molecule-1 is increased in
the urine of patients with tubulointerstitial lesions
(25). Also, it represents a sensitive, non-invasive
biomarker, utilized mainly in the early detection of
AKI induced by ischemic mechanisms (26).

N-acetyl-beta-D-glucosaminidase is  pro-
duced by the proximal tubule cells and released in
proximal tubule lesions. Increased levels are asso-
ciated with tubulointerstitial  nephropathies, AKI,
and drug-induced nephrotoxicity (24, 26).

Light chain cast nephropathy
The most frequent tubulointerstitial le-

sion associated with MM is cast nephropathy.
The characteristic findings are the presence of
multiple  acellular,  homogeneous,  and
eosinophilic  intraluminal  proteinaceous  casts.
Also, the giant cell inflammatory lesions associ-
ated to these casts should be mentioned. 

Several  autopsy or biopsy studies un-
derline myeloma cast nephropathy as the com-

mon finding among patients with MM and clin-
ically established renal involvement, accounting
for almost 33-60% of cases (27, 28). 

Tubular atrophy and interstitial inflam-
mation accompany the cast precipitation, some
studies  suggesting  that  the  term of  myeloma
kidney is, therefore, more appropriate than cast
nephropathy (18).  Experimental  data  confirms
that intraluminal cast formation is the main cause
of AKI and most likely, the initiating step in the
progressive deterioration in renal function.

Moreover,  myeloma  cast  nephropathy
(or myeloma kidney) refers to the onset of AKI
or chronic kidney disease (CKD) determined by
urinary  monoclonal  immunoglobulin  light
chains (Bence-Jones proteins) that precipitate in
the urinary tubules (18). It is generally assumed
that  light  chains  have  a  molecular  weight  of
22.000 Da and that they are freely filtered by
the glomeruli and afterwards almost entirely re-
absorbed by proximal  tubular cells. The usual
light chain excretion rate is < 30 mg/24h. 

As mentioned in the literature, the mecha-
nisms by which urinary light chains initiate the on-
set of renal failure are incompletely understood (18,
29 - 32). Two pathogenic mechanisms are most
likely to be of major import: intratubular cast for-
mation and direct tubular toxicity (18). It has been
demonstrated that light  chains can precipitate in
tubules, leading to formation of obstructing, dense,
intratubular casts, concurrently in the distal and the
collecting tubules; this mechanism is supposed to
initiate a giant cell reaction (29, 30, 33). 

Light chains with high affinity appear to
produce obstructing intratubular casts; by contrast,
light chains with moderate affinity for Tamm-Hors-
fall glycoprotein (THP) may still induce cast forma-
tion  in  the  presence  of  hypovolemia (30).  This
process is prevented by a competitive inhibitor pep-
tide that stops binding of light chains to THP, de-
creasing intratubular cast formation and preventing
AKI in an animal model (34). Another contributing
factor  to  THP binding  and predisposing  to  cast
nephropathy may be the isoelectric point (pI) of the
light chain (18). Bence-Jones proteins with pI above
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5.1 (a level which is above the tubular fluid pH in
the distal nephron) will have positive charges, a fact
that may facilitate binding via charge interaction to
anionic Tamm-Horsfall glycoprotein (pI=3.2) (29). 

In fact, performing urinary alkalinization
might be useful in reducing the binding capability
of light chains to Tamm-Horsfall glycoprotein by
rendering the light chains less cationic or even an-
ionic, and by changing the charge on a single his-
tidine residue in the binding site of THP (30).

In the onset of myeloma kidney, an impor-
tant contributor to cast nephropathy is volume de-
pletion, which may induce cast formation by slow-
ing flow within the tubules, and may also lead to
the formation of large aggregates (18, 29, 30). Be-
sides the above-mentioned mechanisms, other fac-
tors that are known as promoters for intratubular
cast formation include:

• Loop diuretics, which increase lumi-
nal sodium chloride;

• Increased urinary calcium secondary
to hypercalcemia, very common in MM;

• Radiocontrast media, which could in-
teract  with  light  chains  deposition  and  can
promote intratubular obstruction;

• NSAID’s may precipitate the onset of
AKI in 7-18% of patients (16, 35). 

In a study performed by Weiss et al, in-
travenous  infusion  of  monoclonal  free  light
chains (FLCs) in rats increases pressure in the
proximal  tubule  and  concurrently  decreases
glomerular filtration rate (GFR);  also, rats af-
fected by monoclonal FLCs were identified of
having intraluminal casts (36).

Another series of studies substantiate the
fact that myeloma casts contain Tamm-Horsfall
glycoprotein, and that the lesions occur initially
in the distal tubules, were an optimum environ-
ment  for  co-precipitation with  the monoclonal
FLCs is  assured (16,  29,  30).  Uromodullin  or
Tamm-Horsfall protein, the role of which is still
incompletely established, is normally secreted by
the epithelial cells of the thick ascending limb of
the Henle’s loop; this protein represents the ma-
trix of mainly all urinary casts (29). 

In a study performed by Ying et al, the au-
thors  showed  that  the  secondary  structure  and
aminoacid residues on the CDR3 of the FLCs were
important determinants of the interaction with Tamm-
Horsfall glycoprotein. These findings allowed the de-
velopment of an inhibiting cyclized competitor pep-
tide, which inhibits cast precipitation (34).

It should be mentioned that in several an-
imal studies, in which nephrotoxic human light
chains were perfused into the rat nephron, the re-
sults showed that use of loop diuretics (such as
Furosemide) can enhance cast formation by trig-
gering the same mechanism, namely the increase
in the luminal sodium chloride concentration (29).
This finding is of major clinical importance, be-
cause loop diuretics are very often given without a
proof of benefit, and perhaps deleteriously, to pa-
tients with myeloma cast nephropathy, in attempt-
ing to wash out obstructing casts. 

Tubular injury in multiple myeloma
In some cases, light chain cast nephropa-

thy is of minor importance, because in those cases
the degree of renal injury correlates with tubular
damage and atrophy (18). Tubular injury, as it was
demonstrated for  the proximal  tubule,  probably
results from the reabsorption of some filtered light
chains into the tubular cell. The accumulation of
such chains in the proximal tubule epithelial cells
may interfere with lysosomal function.

It  is  known  that  serum light  chains  are
mainly reabsorbed by the proximal tubular epithe-
lium, after binding to a heterodimeric receptor which
consists of megalin and cubilin (37-39).

In a study performed by Li et al, by using
target-specific short interfering (si)RNAs, the au-
thors managed to silence the endocytic receptors
megalin and cubilin genes in cultured human renal
proximal  tubule  epithelial  cells.  Furthermore,  in
HK-2 cells exposed to kappa-light chains for almost
24 hours, light chain endocytosis was significantly
reduced in either megalin- or cubilin-silenced cells,
markedly but incompletely (39). 

Moreover, it is well established that simul-
taneous silencing of both the cubilin and megalin
genes, however, resulted in near-complete inhibi-
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tion of light chain endocytosis, as determined by
measuring kappa-light chain concentration in cell
cytoplasm and by flow cytometry (39-43). Also,
light  chain-induced  cytokine  responses  (inter-
leukin-6 and monocyte chemoattractant protein-1)
and epithelial-to-mesenchymal transition, as well
as the associated cellular and morphological alter-
ations were also markedly suppressed (39, 40, 44). 

Furthermore, Li  et al managed to demon-
strate that silencing megalin or cubilin individually
has a lesser effect than silencing both of them. Me-
galin siRNA knockdown also had dramatic effects on
cubilin levels, into the same degree as knocking down
cubilin (38, 39, 41-44).

Acquired Fanconi syndrome.  Some pa-
tients diagnosed with MM develop tubular dys-
function  without  renal  failure.  The  proximal
tubule is mainly affected, resulting in abnormal-
ities,  such  as  renal  tubular  acidosis,  hy-
pouricemia,  hypophosphatemia,  aminoaciduria
due to renal phosphate wasting (45). In this sce-
nario, the light chains that produce such lesions
are  resistant  to  degradation  by  proteases  in
tubular  cell  lysosomes. Accumulation of  vari-
able domain fragments, with subsequent intra-
cellular crystal formation, is responsible for the
tubular function impairment (31, 46) leading to
a rare disorder known as Fanconi syndrome.

Free  light  chains  undergo  homotypic
polymerization within  the endolysosomal  sys-
tem of the proximal tubular epithelium to pro-
duce intracellular crystals, which are the patho-
logical hallmark of this disease (47, 48).

This proximal tubular lesion represents a
subset  of  gammopathy-associated  crystal-storing
histiocytosis, in which crystal-forming monoclonal
proteins, mainly composed of heavy chains and
typically k-FLC, accumulate into lysosomes of his-
tiocytes in various soft tissues, such as kidneys,
bone marrow, spleen, liver, and stomach (49). The
reduced turnover of proximal tubule cells (PTCs)
explains impaired tubular regeneration and repair
in Fanconi syndrome associated to MM.

The  decreased  proliferation  of  myeloma
cells which produce the same monoclonal κLC could

explain the frequent association of Fanconi syndrome
with silent forms of multiple myeloma (50).

Proximal  tubulopathy  in  multiple
myeloma. Free light chains (FLCs) determine cy-
totoxic effects through mechanisms that are dif-
ferent from crystal formation. It was demonstrated
that infusion in the proximal convoluted tubules
of human monoclonal FLCs promotes functional
and morphologic evidence of toxicity, associated
with an expanding endolysosomal system and oc-
casional intracellular crystal formation (51).

It is demonstrated that FLCs may have
direct  toxic  effects  on  proximal  tubular  cells
through blockade of  glucose, aminoacids, and
phosphate transport (40, 51, 52).

Recently, it has been established that mono-
clonal FLCs, but not polyclonal light chains, may
generate intracellular oxidative stress, particularly hy-
drogen peroxide (53). These molecules promote re-
dox-signaling  events  that  result  in  production  of
chemokines and cytokines, but also in apoptosis of
the proximal tubular cells (53-56).

Experimental studies were performed in
order to understand the pathological mechanisms
of tubulointerstitial renal fibrosis in the course of
multiple myeloma. Li  et al evaluated the role of
epithelial-mesenchymal  transition  (EMT)  in  the
process of renal fibrosis in multiple myeloma (44).

The results of their study show that light
chains directly induce EMT in humans, but also
marked cellular morphological alterations in prox-
imal  tubule epithelial  cells (PTECs),  which are
accompanied  by increased  expression  of  profi-
brotic transforming growth factor β1 (TGF-β1),
fibroblast-specific  protein-1 (FSP-1),  and extra-
cellular matrix components. In conclusion, the au-
thors demonstrated that FLCs are acting like a di-
rect stimulus for EMT in PTECs, a process that
involves multiple cytokines, but seems to be inde-
pendent of the action of TGF-β1 (44). 

Focusing on the particular role played
in the management of multiple myeloma cases
by using novel therapy agents, such as Borte-
zomib, Sarkozi et al studied its direct effects on
PTECs as compared with glomerular mesangial
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cells (GMCs). After 24 hours of stimulation, a
molecule of 50 nM Bortezomib led to a 6.37-
fold induction of apoptosis and markedly acti-
vated caspase-9 and -3 in mesangial cells, but
not in the proximal tubules (57). 

Furthermore, it was established that only in
the proximal tubule epithelium, Bortezomib led to a
time-dependent  predominance  of  antiapoptotic
genes as compared to the proapoptotic ones. More-
over, the potential role of Bortezomib as a blocker of
both NF-kB activation and cell survival was thor-
oughly examined in various renal cell types (57).

Interleukin-6. This molecule is an im-
portant growth factor for plasma cells, as is the
case with multiple myeloma. The process of in-
terleukin-6 (IL-6) stimulation over plasma cells
could  be  enhanced  in  skeletal  bones  where
myeloma cells may upregulate IL-6 production
by osteoblasts (58). Several animal studies sug-
gest that IL-6 is involved in the pathogenesis of
myeloma cast nephropathy. In  fact,  transgenic
mice with an extra IL-6 gene will suffer from
polyclonal  gammopathy and AKI with forma-
tion of cast nephropathy (59). The pathogenic
mechanisms involved in this process are incom-
pletely understood, since renal failure is not seen
in individuals with polyclonal gammopathy. One
possible factor involves the stimulation of hepatic
release of  acute phase reactants by IL-6;  these
proteins may promote cast formation or act indi-
rectly by impairing light chain reabsorption (59).

In a study performed by Sengul et al, it was
underlined that endocytosis of light chains induces
cytokine release through activation of NF-kB in hu-
man proximal  tubule cells. Renal involvement in
multiple myeloma often leads to proteinuric states,
which increase cytokine production through endo-
cytosis of filtered proteins by PTCs.This is the most
important mechanism forwarded in the explanation
of tubulointerstitial  injury and progressive kidney
disease in the course of MM (60).

Studying different light chains involved
in the production of cytokines in cultured hu-
man proximal tubule cells,  Sengul  et al man-
aged to evidence the release of  various inter-

leukins, such as IL-6, interleukin-8 (IL-8) and
monocyte chemoattractant  protein-1 (MCP-1);
in contrast, the results showed that serum albu-
min had no effect on cytokine production, even
at very high concentrations (60). 

These assessments demonstrated the in-
volvement of light chain endocytosis in the pro-
duction  of  inflammatory  cytokines,  mainly
through activation of NF-kB (61).

Diagnosis

The onset of myeloma cast nephropathy
should be suspected in patients over the age of 40
years who present with unexplained abrupt decline
of renal function. A significant percentage of such
patients was not previously diagnosed with MM or
other monoclonal gammopathy (35, 62).

When performing urinalysis, urine dip-
sticks remain negative or only trace-positive for
proteins;  meanwhile, the sediment is typically
bland. Light chains are usually undetected by
the urinary dipstick, which is more sensitive for
albumin. By contrast, patients with amyloidosis or
light  chain  deposition  disease typically  present
with nephrotic syndrome (heavy proteinuria), hy-
poalbuminemia,  and  edema;  in  such  cases  the
urine dipstick is highly positive for proteins. 

In  the rare cases when myeloma cast
nephropathy is present concurrently with light
chain  deposition  disease  or  amyloidosis,  the
clinical features are usually determined by the
glomerular  disease process (35).  The urine in
patients  with  AKI  or  CKD,  with  bland  urine
sediment, negative or trace-positive dipstick re-
quires  mandatory  testing  with  sulfosalicylic
acid (SSA), which is able to detect all proteins.
In fact, markedly positive SSA test, with rela-
tively negative dipstick, is highly indicative of
non-albumin  proteins,  such  as  light  chains
(Bence-Jones protein).

Serum  protein  electrophoresis,  im-
munofixation, and free light chain assay should be
obtained for  every patient  suspected  of  having
multiple myeloma. In fact, a 24-hour urine collec-
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tion sample and a serum sample should be ana-
lyzed by electrophoresis and immunofixation in
order to confirm the origin of the monoclonal pro-
tein, and also to assess the amount of monoclonal
light chain. Quantitative interpretation of these re-
sults is unreliable when the GFR is reduced, since
the  urinary  excretion  of  monoclonal  free  light
chains decreases with declining GFR (63).

Conflicts of interest: none to declare.

Abbreviations

AKI - acute kidney injury;
CKD - chronic kidney disease;
EMT - epithelial-mesenchymal transition;
ESR - erythrocyte sedimentation rate;
FLC - free light chains;
FSGS - focal segmental glomerulosclerosis;
GFR - glomerular filtration rate;
GMC - glomerular mesangial cells;
Hb - haemoglobin;
IL-6 - interleukin-6;
IL-8 - interleukin-8; 
LCDD - light chain deposition disease;
MCP-1 - monocyte chemoattractant protein-1;
MM - multiple myeloma;
NSAID - non-steroidal anti-inflammatory drug;
PTC - proximal tubule cells;
PTEC - proximal tubule epithelial cells;
RNA - ribonucleic acid;
SPEP - serum protein electrophoresis;
SSA - sulfosalicylic acid;
TGF-β1 - transforming growth factor β1; 
THP - Tamm-Horsfall glycoprotein; 
UPEP - urinary protein electrophoresis.
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