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Background: P-glycoprotein (P-gp) transports many chemicals that vary greatly in their structure and function. It
is normally expressed in renal proximal tubular cells. We hypothesized that P-gp expression influences light chain
excretion. Therefore, we investigated whether renal tubular P-gp expression is altered in patients with plasma cell
disorders.
Methods: We evaluated renal biopsy specimens from patients with plasma cell disorders (n = 16) and primary focal
segmental glomerulosclerosis (the control group, n = 17). Biopsies were stained with an anti-P-gp antibody. Loss of
P-gp expression was determined semi-quantitatively. Groups were compared for loss of P-gp expression, and clinical
variables.
Results: P-gp expression loss was more severe in patients with plasma cell disorders than it was in those with
glomerulonephritis (P = 0.021). In contrast, clinical and histological parameters including serum creatinine, level of
urinary protein excretion, and interstitial fibrosis/tubular atrophy grade were not significantly different between the
groups. P-gp expression loss increased with age in patients with plasma cell disorders (P = 0.071). This expression
loss was not associated with serum creatinine, the level of urinary protein excretion or the interstitial fibrosis/tubular
atrophy grade. There was no significant association between the severity of P-gp expression loss with the types and
serum levels of light chains, isotypes and serum immunoglobulin levels.
Conclusion: Renal tubular P-gp expression is significantly down-regulated in patients with plasma cell disorders
characterized by nephrotic range proteinuria. Additional studies are needed to determine whether reintroduction of
renal tubular P-gp expression would mitigate the proximal tubular injury that is caused by free-light chains.
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Cubilin and megalin are giant glycoprotein receptors
that are abundant on the luminal surface of proximal tubular cells (PTCs) in the kidney [1]. High concentrations
of free-light chains (FLCs) in the ultrafiltrate of patients
with multiple myeloma can directly injure the PTCs. The
cubilin-megalin complex expressed on PTCs can lead to
excessive endocytosis of FLCs. This endocytosis can subsequently trigger apoptotic, proinflammatory, and fibrotic pathways [2]. Blocking light chain endocytosis prevents
its nephrotoxic effects on human kidney PTCs [3].
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P-glycoprotein (P-gp) is a transporter that excretes xenobiotics, such as cytotoxic compounds, into the gastrointestinal tract, bile, and urine. This transporter is widely
expressed in the body. However, certain cell types in the
liver, pancreas, kidney, colon, and jejunum have specific
and dominant localization of P-gp [4]. In the kidney, P-gp
is predominantly expressed on the apical surface of proximal tubule epithelium.
One of the most interesting characteristics of P-gp/
multidrug resistance protein 1 (MDR1) is that its many
substrates vary greatly in their structure and function.
These substrates range from small molecules, including
organic cations, carbohydrates, amino acids, and some
antibiotics to macromolecules, such as polysaccharides
and proteins [5]. Therefore, P-gp modulation is of interest
for various purposes. P-gp is also an amyloid-beta efflux
pump. Lam et al [6] described how selected members of
the ATP-binding cassette (ABC) superfamily of transporters are responsible for the energy-dependent efflux of
a variety of lipophilic and amphipathic molecules from
cells. This group hypothesized that an ABC transporter
might be responsible for cellular amyloid-beta release.
They were able to directly measure the transport of amyloid-beta peptides across the plasma membranes of P-gp
enriched vesicles, and showed that this phenomenon was
both ATP- and P-gp-dependent. In another study, Lee et
al [7] showed that colistin induces nephrotoxicity by suppressing P-gp. In addition, P-gp induction ameliorates
colistin-induced nephrotoxicity by decreasing apoptosis.
The physicochemical properties of immunoglobulins
(Igs), and their regions may differ. The properties of the
involved Ig molecules appear to be the primary pathologic determinants of the specific pattern of tissue injury.
Although amyloid light-chain (AL) amyloidosis is more
commonly caused by lambda (λ) light chain, kappa (κ)
chain isotype restriction is observed in ~80% of cases
with light-chain deposition disease. Particular types of
light chains may have more hydrophobic properties, and
therefore more easily precipitate in tissues compared to
other light chain types [8,9].
Based on these observations, we hypothesized modulating P-gp expression would alleviate the tubular damage caused by light chains that are produced by monoclonal B-cells in plasma cell disorders. Because many
substrates of P-gp are hydrophobic [10], and some types
of FLCs are formed by hydrophobic residues, we sus-

pected that light chains might be a substrate of P-gp. We
studied whether renal tubular P-gp expression is altered
in patients with plasma cell disorders and primary focal
segmental glomerulosclerosis (FSGS) who have comparable proteinuria levels.

Methods
Patients
Clinical data were collected retrospectively from the
medical records. Individuals with a kidney biopsy at the
time of the diagnosis of a plasma cell disorder were included. The control group included patients with FSGS
to compare the effects of various types of proteinuria on
renal P-gp expression (proteinuria caused by excessive
light-chain production versus proteinuria of glomerular
origin). Participants were above 18 years old. Exclusion
criteria included the presence of diabetes mellitus, exposure to any drug that regulates P-gp expression and
function (including immunosuppressive drugs). The laboratory studies were collected immediately prior to the
renal biopsy. Serum biochemistry results, urinary protein
excretion and full blood counts were recorded. Informed
consent was gathered from all patients or their relatives
for the use of medical data. This study was conducted
in accordance with the Declaration of Helsinki and approved by the Ethics Committee of Dokuz Eylül University (No. 2017/22-04). Informed consent was obtained from
all individual participants.
Renal histopathology
Renal biopsy specimens were evaluated with hematoxylin-eosin, Masson’s trichrome, periodic acid schiff, and
methenamine silver staining. The specimens were also
stained with antibodies against IgG, IgA, IgM, complement 3c, C1q, kappa and lambda for immunofluorescence. Congo red staining was performed to evaluate for
amyloid deposition. If Congo red staining was positive,
amyloid-A was evaluated by immunohistochemistry.
The tissue sections were examined by two independent
pathologists. The minimum required glomeruli for light
microscopy and immunofluorescence microscopy were
10 and 3, respectively. The diagnosis and interstitial fibrosis/tubular atrophy (IFTA) scores were retrieved from
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previous pathology reports, which were scored as follows:
normal = 0 point, atrophy in < 10% of tubules placed in
cortical area; mild IFTA = 1 point, atrophy in 10% to 24%
of tubuli in the cortical area; moderate IFTA = 2 points,
atrophy in 25% to 50% of tubuli in the cortical area; severe
IFTA = 3 points, atrophy in > 50% of tubuli in the cortical
area [11].
Diagnosis of clonal plasma cell disorder
The presence of a clonal plasma cell disorder was assessed by serum and urine immunofixation electrophoresis and bone marrow biopsy. The percentage of plasma
cells in the bone marrow was estimated. The clonality
was evaluated with standard immunohistochemical
staining for kappa and lambda light chains. Congo red
staining was performed to identify amyloid depositions
in the marrow biopsy specimens. A diagnosis of AL amyloidosis required a biopsy with Congo red staining (for
amyloid fibrils), and evidence of a clonal plasma cell dyscrasia, per standard criteria [12]. Multiple myeloma was
also diagnosed based on the standard criteria [13].

A

C
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P-glycoprotein expression analysis
Sections from the paraffin-embedded blocks (of the
renal biopsies) were kept in 950C CC1 (cell conditioning 1; Ventana Medical Systems, Tuscon, USA) solution
for 52 minutes, and then incubated in prediluted primary monoclonal anti-P-gp antibody (dilution, 1/500;
EPR10364-57; Abcam Inc., Cambridge, USA). The stainings were performed in the Benchmark Ultra (Ventana
Medical Systems) device using the Ultraview Universal
DAB Detection kit (Ventana Medical Systems). The kidney tissue was used as a positive control. P-gp expression
was assessed at the glomeruli and the tubular epithelial
cells. In most cases, the glomeruli were negative. If any
positivitiy was identified, the number of positive glomeruli was noted. Expression was scored semi quantitatively
according to the intensity and distribution. The classification was as follows: normal = 0 point, P-gp expression
loss in < 10% of tubules placed in the cortical area; mild
loss = 1 point, P-gp expression loss in 10% to 24% of tubuli in the cortical area; moderate loss = 2 points, P-gp
expression loss in 25% to 50% of tubuli in the cortical
area; severe loss = 3 points, P-gp expression loss in > 50%

B

D

Figure 1. P-glycoprotein (P-gp) expres
sion on renal biopsy (100×). (A) Normal P-gp expression in a patient with
focal segmental glomerulosclerosis. Mild
interstitial fibrosis/tubular atrophy (IFTA)
was noted in the biopsy report. (B) A
kidney section of a patient with multiple
myeloma who had mild P-gp expression
loss (expression loss in 10-24% of tubules in cortical area). Although there is
no clear atrophy in the central tubuli, no
P-gp expression is seen in this area. (C)
P-gp expression in a kidney of a patient
with focal segmental glomerulosclerosis
is presented. Although there is severe
tubular atrophy, P-gp expression loss
was regarded as mild. (D) Severe P-gp
expression loss (expression loss in >
50% tubules in cortical area) in a patient
with primary amyloidosis + multiple myeloma is seen. This biopsy was reported
to show mild IFTA.
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of tubuli in the cortical area; as modified from a previous
study by Koziolek et al [14]. We used these cut-off levels
because the IFTA grade is also scored using a similar classification while evaluating the same anatomic location
for P-gp expression.
Statistical analysis
Variable distributions were assessed by the KolmogorovSmirnov test. Quantitative variables are exp ressed as
means ± standard deviations if normally distributed, or
as medians (ranges) with the interquartile range otherwise. Qualitative variables are expressed as proportions.
The groups were compared for means using the t test if
variables were normally distributed. The Mann-Whitney
U test was used to compare means if the variables were
not normally distributed. For comparisons between
proportions, chi-squared tests or Fisher’s exact test were

Table 1. Comparative analysis of the clinical and histopatholo
gical findings of patients with plasma cell disorders and FSGS

Age (yr)
Sex, female
Serum creatinine (mg/dL)
Proteinuria (g/day)
Hemoglobin (g/dL)
Albumin (g/dL)
IFTA (%)
< 10
10-24
25-50
> 50
IFTA scorea
P-gp expression loss (%)
< 10
10-24
25-50
> 50
P-gp expression loss in
≥ 25% of cortical tubules
Score of P-gp expression
lossa (point)

Plasma cell
FSGS
disorder (n = 16)
(n = 17)
60.8 ± 8.1
56.5 ± 14.3
6 (37.5)
7 (41.2)
2.35 ± 0.96
1.94 ± 1.14
7.4 ± 3.7
7.4 ± 5.2
11.0 ± 1.9
12.0 ± 2.4
3.2 ± 0.9
3.1 ± 0.7
0
4
6
6
2.1 ± 0.8

1
8
1
7
1.9 ± 1.1

P value
0.533
0.829
0.382
0.581
0.458
0.960
NA

Results
Five patients from the plasma cell disorder group and 7
patients with FSGS were excluded because of insufficient
biopsy specimens for immunohistochemical analysis.
There were 16 patients in the plasma cell disorders group.
All of the patients in this group had a diagnosis of primary amyloidosis and/or multiple myeloma. The control
group included 17 patients with FSGS.
P-gp expression was dominant in the renal proximal tubules in all biopsies (Fig. 1). Expression loss was significantly more severe in patients with plasma cell disorders
than it was in patients with glomerulonephritis. In contrast, the clinical and histological parameters, including
serum creatinine, level of urinary protein excretion, and
IFTA grade, were not significantly different between the
groups (Table 1). Distribution of patients according to
severity of P-glycoprotein expression loss is presented in
Fig. 2.
When all patients were included in the same analysis
and patients were classified as normal-mild P-gp expression loss and moderate-severe P-gp expression loss, age
was the only parameter that was significantly different
between the groups (P = 0.033). In contrast, the serum
creatinine, urinary protein excretion levels, and IFTA
grade were similar between the two groups.
20

0.444
NA

4
3
5
4
9 (56.3)

8
7
1
1
3 (17.6)

0.021

5

1.56 ± 1.15

0.71 ± 0.85

0.037

0

Data are presented as mean ± standard deviation, number (%), or number only.
FSGS, focal segmental glomerulosclerosis; IFTA, interstitial fibosis/tubular
atrophy; NA, not applicable; P-gp, P-glycoprotein.
a
Grading of IFTA and P-gp expression loss is explained in the ‘Methods’ section.

Severity of P-gp
expression loss
< 10% of tubules
10 24% of tubules
25 50% of tubules
> 50% of tubules

15

Case (n)

Variable

used, as appropriate. Statistical analysis was performed
using IBM SPSS Statistics ver. 22.0 (IBM Corp., Armonk,
USA). P values less than 0.05 were considered statistically
signiﬁcant.

10

Plasma cell
disorders

Focal segmental
glomerulosclerosis
Group

Figure 2. Distribution of patients according to the severity of Pglycoprotein (P-gp) expression loss.
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Table 2. Comparative analysis of clinical and histopathological
findings of patients with plasma cell disorders according to the
percent of P-glycoprotein loss in cortical tubules
Loss of expression
Normal or
Moderate or P value
mildly (n = 7) severe (n = 9)
56.1 ± 9.4
64.4 ± 4.6
0.071
4 (57.1)
2 (22.2)
0.302
NA
6
5
1
2
0
2
2.34 ± 0.77
2.35 ± 1.14
0.918
1.14 ± 0.6
1.7 ± 1.04 0.686
8.2 ± 5.0
11.1 ± 1.9
3.4 ± 0.8

6.7 ± 2.4
11.0 ± 1.9
3.0 ± 0.96

0
1
4
2
2.14 ± 0.69

0
3
2
4
2.11 ± 0.93

1
4
2

2
3
4

0.681
0.950
0.366
NA

1.000
NA

Data are presented as mean ± standard deviation, number (%), or number only.
AKI, acute kidney injury; CKD, chronic kidney disease; IFTA, interstitial fibrosis/
tubular atrophy; MM, multiple myeloma; NA, not applicable; NS, nephrotic
syndrome.
a
Delta serum creatinine was given for patients who presented with acute kidney
injury. bGrading of IFTA and P-glycoprotein expression loss is explained in the
‘Methods’ section.

Of patients with plasma cell disorders, the serum creatinine, urinary protein excretion levels and and IFTA grade
were not significantly different between the two groups
with various grades of P-gp expression loss (Table 2).
Although the expression loss increased with age (Fig. 3),
this was not statistically significant. The P-gp expression
loss was not associated with the serum creatinine, level
of urinary protein excretion, or IFTA grade. There was
no significant association between the severity of P-gp
expression loss with the types and serum levels of light
chains, isotypes, and serum levels of Igs.
When patients with plasma cell disorders were grouped
according to the severity of the loss of P-gp expression,
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> 60 yr

Age (yr)
Sex, female
Indication for renal biopsy
AKI
NS
CKD
Serum creatinine (mg/dL)
Delta serum creatininea
(mg/dL)
Proteinuria (g/day)
Hemoglobin (g/dL)
Albumin (g/dL)
IFTA (%)
< 10
10-24
25-50
> 50
IFTA scoreb
Final diagnosis
Amyloidosis
MM + amyloidosis
MM

Plasma cell
disorders

Severity of P-gp
expression loss
< 10% of tubules
10 24% of tubules
25 50% of tubules
> 50% of tubules

Focal segmental
glomerulosclerosis

Age
60 yr and younger

Variable

Group

Figure 3. Distribution of patients in different age groups according to the severity of P-glycoprotein (P-gp) expression loss.

there was no significant difference in the clinical parameters between the groups. Acute kidney injury was the
most frequent indication for kidney biopsy in patients
with plasma cell disorders (comprising 68.8% of patients).
In patients with plasma cell disorders, 3 had primary
amyloidosis, 6 had multiple myeloma and 7 had both.
When patients were evaluated for monoclonality, seven
of them had lambda, 2 IgG-lambda, 3 kappa, 3 IgGkappa, and 1 IgA-kappa monoclonal gammopathy. Cast
nephropathy was evident in the kidney biopsies of 7
patients. P-gp expression was not significantly different
between patients with primary amyloidosis and multiple
myeloma. There was no significant association between
the severity of P-gp expression loss between different
types and serum levels of light chains, and isotypes and
serum levels of Igs. The P-gp expression was not different
between patients with or without cast nephropathy. The
clinical and histopathological properties of patients with
plasma cell disorders are given in Table 3.

Discussion
In this study, we showed that renal tubular P-gp expression is more significantly downregulated in patients
with plasma cell disorders than it is in FSGS patients with
similar proteinuria levels. The control group included
patients with FSGS so that we could analyze the effect
of intratubular light chain burden compared to that of
proteinuria of glomerular origin. Interestingly, the level
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Table 3. Clinical and histopathological characteristics of patients with plasma cell disorders
Patient
1
2
3
4

Presentation

Laboratory results

61 yr, male; CKD SCr 3.1 mg/dL, 5.1 g/day proteinuria,
λ monoclonal gammopathy (urine)
54 yr, female; NS SCr 0.58 mg/dL, 4.5 g/day proteinuria,
λ monoclonal gammopathy (urine)
45 yr, female; NS SCr 1 mg/dL, Upr 8 g/day, λ monoclonal
gammopathy (urine)
55 yr, female; AKI SCr 2.4 mg/dL, Upr 7.6 g/day, κ mono
clonal gammopathy (serum and urine)
SCr 0.61 mg/dL, Upr 6.7 g/day, λ mono
clonal gammopathy (serum and urine)

Renal biopsy
Lambda light chain deposition, Congo
red positive, severe IFTA
Lambda light chain deposition, Congo
red positive, mild IFTA
Lambda light chain deposition, Congo
red positive, moderate IFTA
Kappa light chain deposition, Congo
red negative, cast nephropathy,
severe IFTA
Congo red positive, cast nephropathy,
mild IFTA

5

65 yr, male; NS

6

65 yr, male; CKD SCr 2.81 mg/dL, Upr 8.4 g/day,
Lambda light chain deposition, cast
κ monoclonal gammopathy (serum and nephopathy, Congo red negative,
moderate IFTA
urine)
70 yr, male; AKI SCr 2.23 mg/dL, Upr 3.7 g/day, κ mono Membranoproliferative pattern,
clonal gammopathy (serum and urine)
thrombotic microangiopathy, Congo
red negative, moderate IFTA
47 yr, male; AKI SCr 2.9 mg/dL, Upr 4.1 g/day, λ mono
Lambda light chain deposition, Congo
clonal gammopathy (serum and urine)
red positive, moderate IFTA
62 yr, male; AKI SCr 2 mg/dL, Upr 18.8 g/day
Lambda light chain deposition, Congo
red positive, cast nephropathy,
moderate IFTA
69 yr, male; AKI SCr 2 mg/dL, Upr 8 g/day, IgG-κ mono
Kappa light chain deposition, Congo red
clonal gammopathy (serum and urine)
negative, nodular glomerulosclerosis,
membranoproliferative pattern,
severe IFTA
68 yr, male; AKI SCr 2.9 mg/dL, Upr 7.5 g/day, IgG-κ mono Kappa light chain deposition, Congo
clonal gammopathy (serum and urine)
red negative, mild IFTA
Nodular glomerulosclerosis, thrombotic
65 yr, female; AKI SCr 2.92 mg/dL, Upr 11,5 g/day, IgG-κ
microangiopathy, kappa light chain
monoclonal gammopathy (serum and
deposition, Congo red negative,
urine)
moderate IFTA
50 yr, female; AKI SCr 3.5 mg/dL, Upr 7 g/day, IgA-κ mono Kappa light chain deposition, Congo
clonal gammopathy (serum and urine)
red positive, severe IFTA
Lambda light chain deposition, Congo
64 yr, female; AKI SCr 2.37 mg/dL, Upr 8.5 g/day, IgG-λ
red positive, cast nephropathy, mild
monoclonal gammopathy (serum and
IFTA
urine)
68 yr, male; AKI SCr 4 mg/dL, IgG-λ monoclonal
Lambda light chain deposition, Congo
gammopathy (serum and urine)
red positive, cast nephropathy,
severe IFTA
65 yr, male; AKI SCr 2.2 mg/dL, Upr 4 g/day,
Lambda light chain deposition, Congo
red positive, cast nephropathy,
λ monoclonal gammopathy
severe IFTA

7

8
9

10

11
12

13
14

15

16

P-gp
Final diagnosis
expression loss
Severe
Primary amyloidosis
Severe

Primary amyloidosis

Mild

Primary amyloidosis

Mild

Multiple myeloma

Moderate

Moderate

Multiple myeloma
and primary
amyloidosis
Multiple myeloma

Normal

Multiple myeloma

Normal

Moderate

Multiple myeloma,
primary amyloidosis
Multiple myeloma,
primary
amyloidosis
Multiple myeloma

Moderate

Multiple myeloma

Moderate

Multiple myeloma

Mild

Multiple myeloma,
primary amyloidosis
Multiple myeloma,
primary
amyloidosis
Multiple myeloma,
primary
amyloidosis
Multiple myeloma,
primary
amyloidosis

Normal

Normal

Severe

Severe

AKI, acute kidney injury; CKD, chronic kidney disease; Ig, immunoglobulin; NS, nephrotic syndrome; SCr, serum creatinine; Upr, urine protein excretion; κ, kappa light
chain; λ, lambda light chain.
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of proteinuria in patients plasma cell disorders was not
significantly associated with altered P-gp expression. We
did not identify an association between any specific type
of Ig fragment and P-gp expression.
The clinical variables were not significantly different
between the patient groups with variable P-gp expression
(Table 2). It is not clear why the P-gp expression is altered
in some patients with plasma cell disorders, but not in
others. The substrates of P-gp are cationic and hydrophobic molecules. Light chains differ in their physicochemical structure. Therefore, more hydrophobic or more cationic light chains may be more frequently associated with
altered P-gp expression than are others. Unfortunately,
our sample size was too low to demonstrate the effect of a
particular light chain on P-gp expression pattern.
Since the P-gp is expressed in the apical border of the
proximal tubular epithelium, tubular atrophy probably
affects its expression levels. However, tubular atrophy
itself is not an absolute obstacle for P-gp expression.
Koziolek et al [14] found that severely damaged tubules,
such as those in acute tubular necrosis, were still able to
upregulate P-gp after cyclosporine-A exposure. In addition, patients with acute vascular or chronic allograft
rejection (who displayed a similar degree of long-term
renal dysfunction) also produced increased P-gp expression. Therefore, although tubular atrophy may affect
the tubular P-gp expression, tubular atrophy itself is not
an absolute predictor of altered expression. Instead,
the loss of P-gp expression itself causes tubular injury
[15]. Therefore, an increase in P-gp expression seems
to be a compensatory way to reduce tubular injury [16].
In a study, endotoxemia caused by lipopolysaccharide
administration lead to proximal tubular injury [15]. In
contrast, lipopolysaccharide administration led to an
increase in P-gp expression. Therefore, although the surviving brush borders may alter expression, tubular injury
itself may inversely increase P-gp expression. The mean
IFTA scores were higher in plasma cell disorders than
they were in patients with FSGS in our paper. However,
the IFTA scores were similar between patient groups with
different grades of P-gp expression (Table 2). We presented examples that show severely reduced P-gp expression
despite mild tubular atrophy, or only mild expression
loss despite severe tubular atrophy. Since P-gp is mainly
expressed in the brush borders of the proximal tubules,
tubular atrophy may alter P-gp expression. However, tu-
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bular injury may also inversely increase P-gp expression.
In our opinion, the cause of tubular injury likely influences the nature of P-gp expression change. Regardless,
this issue requires further investigation.
The effect of renal failure on P-gp expression is not
clear. An animal study found that P-gp expression was
unchanged in a rat model of chronic renal failure [17].
Lee et al [7] found that colistin itself suppressed the P-gp
expression, and lead to nephrotoxicity in PTC culture.
Following dexamethasone administration, P-gp expression increased and nephrotoxicity was alleviated. Huls
et al [16] found that P-gp was upregulated after acute
renal injury secondary to ishchemia-reperfusion damage. Based on these findings, the group suggested that
the P-gp upregulation after acute kidney injury reflected
the transporter’s role in the renal regeneration process.
The group added that P-gp upregulation may serve as a
protective function by pumping out toxins and harmful
products of oxidative stress. One group caused renal injury by culturing proximal tubule cells in cadmium; they
found that P-gp expression was upregulated after renal
injury, and suggested that P-gp may be protective against
cadmium- and reactive oxygen species-induced apoptosis [18]. An experimental study performed by Huang et
al [19] showed that P-gp expression (in the kidney) was
increased in rats with glycerol-induced acute renal injury. However, the function of P-gp, which was evaluated
by measuring the renal secretory clearance of rhodamine
123, was suppressed. Although increased creatinine may
be a confounder, the groups were not significantly different in terms of kidney function.
Among patients with plasma cell disorders, P-gp expression decreased with age. Although patients with plasma cell disorders were older on average, there was not a
significant difference in age between the two groups. It is
not clear how P-gp expression is modulated during aging.
Warrington and colleagues studied P-gp expression and
function in rats [20]. The authors reported that although
lymphocytic and hepatic P-gp expression increased with
age, the renal P-gp content decreased with age. Another
study showed increased expression of P-gp at both the
protein and the mRNA levels in aging lymphocytes [21].
Therefore, the role of aging on P-gp expression appears
to be complex, and that in the human kidney itself is unknown.
The P-gp expression was primarily demonstrated in the
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brush border of the proximal tubule epithelium. This was
first demonstrated by Thiebaut et al [4], who stated that
no P-gp expression was established in any other cells in
the kidney. Multiple subsequent papers supported the
finding that P-gp is primarily found in proximal tubules
[22-24], although some have described P-gp expression
in the distal tubules [14]. Thiebaut et al [4] concluded
that normal P-gp expression in the body is almost always
identified on the apical sides of organ systems, except
in the adrenal glands. It is also mainly distributed in the
apical membranes of proximal tubular epithelium of the
kidney. Therefore, although some papers demonstrate
P-gp expression in various parts of the nephron, the
proximal tubules should be considered the primary site
of expression.
P-gp reduces the exposure of cancer cells to chemotherapeutics leading to chemotherapeutic resistance.
Therefore, there has been much interest in its expression.
In nephrology, P-gp expression is studied particularly in
the renal transplantation era because pharmacokinetics
of calcineurin inhibitors is altered by P-gp [25]. This alteration may cause serious drug-drug interactions, transplant rejection or calcineurin-inhibitor toxicity. Although
we found that P-gp expression is downregulated in patients with plasma cell disorders, the clinical significance
of this expression is unknown.
FLC burden is an important determinant of renal injury
in patients with multiple myeloma and primary amyloidosis. Therapies that eliminate monoclonal plasma cells
ameliorate the organ toxicity of FLCs [26]. Data from our
preliminary study suggest that renal tubular P-gp expression is markedly downregulated in patients with multiple
myeloma and primary amyloidosis with nephrotic-range
proteinuria. It is unknown whether inducing P-gp expression increases the efflux of light chains from the tubular
epithelial cells. The substrates of P-gp differ greatly by
their function and structure. Typical P-gp substrates are
lipophilic or amphipathic large molecules (molecular
weight > 400 Da) [27]. Therefore, light chains with various structures could be secreted by the P-gp system from
renal tubular epithelial cells. Although modulating P-gp
may alleviate proximal tubular injury, it is unknown
whether this aggravates cast formation by increased delivery of light chains to the distal tubules. We could not
demonstrate the effects of particular urinary protein content (albumin, globulin, light chain) on P-gp expression

directly, because the specific types of proteins are not
routinely quantified in urine. This issue is of significant
importance, and must be clarified in future studies.
Our sample size was small. Therefore, our results
should be substantiated by larger studies. The possible
effects of particular light chain types might be observed if
larger numbers of patients were included. The evaluation
and grading of expression were made semiquantitatively,
which may have led to overestimation or underestimation
of the expression. Although P-gp expression has been
quantified using western blot analysis in several prospective experimental researches [28], there are very few studies in which renal tubular P-gp expression was evaluated
retrospectively from previous biopsy specimens. We used
a similar method to that of Koziolek et al [14], except that
we used different cut-off levels to determine P-gp expression. We used the same cut-off levels that are applied to
IFTA scoring, since IFTA is also determined by examining
a similar anatomical part of the kidney.
In conclusion, renal tubular P-gp expression is downregulated in patients with primary amyloidosis and/
or multiple myeloma with nephrotic-range proteinuria
compared to that of patients with primary FSGS (with
comparable proteinuria). Further studies are needed to
confirm our results, and to determine whether FLCs in
renal tubuli are important for regulating P-gp expression.
If so, P-gp induction may alleviate renal tubular injury
caused by FLC.
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