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Abstract
Background. Chronic kidney disease (CKD) is associated
with significant cardiovascular, neurological and metabolic
complications. Thiamin and folate are essential for growth,
development and normal cellular function, and their uptake
is mediated by regulated transport systems. While plasma
folate and thiamin levels are generally normal in patients
with CKD, they commonly exhibit features resembling vita-
min deficiency states. Earlier studies have documented
impaired intestinal absorption of several B vitamins in
experimental CKD. In this study, we explored the effect
of CKD on expression of folate and thiamin transporters in
the key organs and tissues.
Methods. Sprague-Dawley rats were randomized to under-
go 5/6 nephrectomy or sham operation and observed for
12 weeks. Plasma folate and thiamin concentrations and
gene expression of folate (RFC, PCFT) and thiamin trans-
porters (THTR-1 and THTR-2) were determined in the
liver, brain, heart and intestinal tissues using real-time
PCR. Hepatic protein abundance of these transporters
was determined using western blot analysis.
Results. Plasma folate and thiamin levels were similar be-
tween the CKD and the control groups. However, expres-
sions of both folate (RFC and PCFT) and thiamin
(THTR-1, THTR-2) transporters were markedly reduced
in the small intestine, heart, liver and brain of the CKD an-
imals. Liver protein abundance of folate and thiamin trans-
porters was significantly reduced in the CKD animals when

compared with the sham-operated controls. Furthermore,
we found a significant reduction in mitochondrial folate
and thiamin transporters in the CKD animals.
Conclusions. CKD results in marked down-regulation in
the expression of folate and thiamin transporters in the
intestine, heart, liver and brain. These events can lead
to reduced intestinal absorption and impaired cellular
homeostasis of these essential micronutrients despite their
normal plasma levels.

Keywords: anemia; cardiovascular disease; malnutrition; neuropathy;
uremia

Introduction

Chronic kidney disease (CKD) has emerged as a major
public health problem worldwide [1]. CKD is associated
with an increased risk of cardiovascular disease, neuro-
logic disorders, malnutrition and progression to end-stage
renal disease. Vascular and neurologic complications in
particular remain an important source of morbidity and
mortality in this population [2,3].

The water-soluble vitamins are a group of structurally
and functionally unrelated compounds that share the com-
mon feature of being essential for normal cellular function,
growth and development. Folate and thiamin (vitamin B1)
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are two members of this family of micronutrients. Folate
is required for the synthesis of pyrimidine and purine nu-
cleotides (precursors of DNA and RNA, respectively) and
for the metabolism of several amino acids including
homocysteine [4,5]. Folate deficiency leads to disruption
of folate-dependent metabolic pathways, effects that lead
to the development of clinical abnormalities ranging from
anemia to growth retardation [3–5]. Thiamin serves as a
cofactor for multiple enzymes involved in critical meta-
bolic reactions which relate to energy metabolism [6].
Because it bridges the glycolytic and the pentose phos-
phate metabolic pathway, thiamin is also critical for cre-
ating chemical reducing power in cells [7]. Therefore,
thiamin is thought to play an important role in reducing
cellular oxidative stress [7–11]. Thus, low intracellular le-
vels of thiamin lead to impairment in energy metabolism
and a propensity for oxidative stress, which are a com-
mon finding in CKD. At the clinical level, thiamin defi-
ciency leads to a variety of abnormalities that include
neurologic (neuropathy, Wernicke-Korsakoff syndrome)
and cardiovascular (e.g. peripheral vasodilatation, biven-
tricular myocardial failure, edema and potentially acute
fulminant cardiovascular collapse) disorders [7–11].

Human and other mammals cannot synthesize folate and
thiamin, and thus, they depend on the intestinal absorption
of these micronutrients from exogenous sources. Once
absorbed, folate and thiamin are distributed throughout
the body via the circulation. Intestinal absorption of fol-
ate and thiamin and their uptake into different cell types
have been the subject of intense investigations over the
past three decades. It is well known now that the reduced
folate carrier (RFC) and the proton-coupled folate trans-
porter (PCFT) are major folate transporters in intestinal
and other mammalian cell types [12–14]. For thiamin,
the thiamin transporters 1 and 2 (THTR-1 and THTR-2)
were shown to be the main transporters in intestinal epi-
thelial cells and in other cell types [15–18]. Furthermore,
studies have shown that the expression of these vitamin
transport systems in different tissues is highly regulated
and influenced by extracellular and intracellular conditions
[15–18].

In view of the association of CKD with oxidative stress,
neurological disorders, myocardial dysfunction and hy-
perhomocysteinemia which can also be caused by folate
and thiamin deficiencies, information on the effect of
CKD on expression of their transporters in relevant tis-
sues would be of interest. The available data on possible
effects of uremia on expression of folate and thiamin
transporters are limited. The present study was designed
to explore the effect of CKD on the expression of folate
and thiamin transporters in key tissues using an experi-
mental animal model of CKD. We focused on these tis-
sues since they are important for homeostasis (intestine),
storage (liver) and utilization of these vitamins.

Materials and methods

Animals and basic experiment design

The experimental protocol was approved by the Institutional Animal Care
and Use Committee of the University of California (Irvine, CA). Male
Sprague-Dawley rats were housed in a climate-controlled, light-regulated

facility with 12:12-h light–dark cycles and fed regular rat chow (Purina
Mills, Brentwood, MO, containing 49% carbohydrates, 24% protein, 5%
fat, 7% minerals, 6% fiber and various vitamins including 7.9 mg/kg folic
acid and 20 mg/kg thiamin) and water ad libitum. The animals were ran-
domly assigned to the CKD and control groups. Five animals were used in
each group. The animals assigned to the CKD group underwent 5/6 neph-
rectomy by surgical resection of the upper and lower thirds of the left kid-
ney followed by right nephrectomy 4 days later. The animals assigned to
the control group were subjected to sham operation. Daily intake of food
was measured and recorded for each group, and by the end of the study, it
was determined that the intake of food was equal in both experimental
groups (14.6 ± 1.6 g/day in control group versus 15.8 ± 2.9 g/day in
the CKD animals). Daily intake of folate and thiamin was calculated in
each group based on the vitamin content of the diet and the daily intake
of food.

At the conclusion of the 12-week observation period, animals were
placed in individual metabolic cages for a 24-h urine collection and meas-
urement of food and water intake. The animals were then anesthetized
(50 mg/kg ip pentobarbital sodium injection) and euthanized by exsangui-
nations using cardiac puncture. The left cardiac ventricle, liver, left frontal
cortex of brain and small intestine (jejunum) were immediately harvested
and cleaned with PBS, snap-frozen in liquid nitrogen and stored at −70°C
until processed.

Measurement of arterial pressure

Blood pressure was non-invasively measured by a volume pressure re-
cording sensor and an occlusion tail-cuff (CODA System, Kent Scientific,
Torrington, CT). In brief, the conscious animal was placed in a restrainer
and permitted to rest for 10 to 15 min. The cuff was then placed on the tail
and was inflated and released several times to condition the animal to the
procedure. After stabilization, blood pressure was measured three times,
and the average of the recorded values was used.

Blood and urine chemistry

Urine and plasma creatinine were measured with a Quantichrom creatin-
ine assay kit (Bioassay Systems, Hayward, CA). Blood urea nitrogen
(Bioassay Systems) was measured using kits purchased from the specified
manufacturers. Urine protein was measured with the rat urinary protein
assay kit (Chondrex, Redmond, WA). Creatinine clearance was deter-
mined using the standard formula. Plasma concentrations of thiamin
and folate were measured by the University of California Irvine Medical
Center Clinical Laboratory using HPLC.

Quantitative real-time PCR

Quantitative PCR (qPCR) was performed using the Bio-Rad iCycler and a
Qiagen Quantitect SYBR green PCR kit (Valencia, CA). RNA from
100 μm of (five controls–five CKD) rat tissues was isolated using Trizol
(Invitrogen, Carlsbad, CA) following the manufacturer’s procedure. The
RNA was DNase treated and first-strand complementary DNA was made
from 5 μg of the isolated total RNA primed with oligo dTusing an Invitro-
gen Superscript synthesis system. Primers used in the qPCR were specific
for the following: rat THTR-1 (forward-5′-GATGCTCCTACG-
TACTGCCC, reverse-5′-GCAGGTAGGGAGTGAGGAAC), rat
THTR-2 (forward-5′-TGATACTCTGCTTGTCGG, reverse-5′-GTAA-
GAGTACGTCCAAACAG), rat RFC (forward-5′-GACCTGGGGA-
GAGClTCATC, reverse-5′-CCAGGACTGGC7TGTATCGT) and rat
PCFT (forward-5′-CAGGGTACGGATTACTCTTC, reverse-5′-
GGCCAAGCTATTCACACAG). Folate and thiamin have specific trans-
porters in the mitochondria. Mitochondrial thiamin pyrophosphate (MTPP)
transporter is encoded by the solute carrier family 25 (MTPP carrier), mem-
ber 19 gene (SLC25A19, geneID 303676), and mitochondrial folate trans-
porter (MFT) is encoded by the solute carrier family 25 (MTPP carrier),
member 32 gene (SLC25A32, geneID 315023). Expression of these genes
was measured using the following primers: rat MFT (forward-5′-AG-
TAACCCCGAATGTGTG, reverse-5′-TTCAGCAGCTGAGATGAG)
and rat MTPP transporter (forward-5′-GGCCATACGCACCATG,
reverse-5′-GGGTCTTGCTGATGACTC).

Gene-specific primers corresponding to the PCR targets were designed
by using the specifications given by the vendors (Bio-Rad). The lengths
of amplicons were as follows: rat RFC (162 bp long), PCFT (160 bp
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long), THTR-1 (191 bp long), THTR-2 (122 bp long), MFT (200 bp
long), MTPP transporter (200 bp long) and β-actin (116 bp long). The
amplicons chosen were specifically located inside the open reading frame
of the specific rat genes to allow use of plasmid DNA to generate standard
curves. Each SYBR green reaction (20 μL total volume) contained 2 μL
of diluted cDNA as a template. The amplification program consisted of 1
cycle of 95°C with a 60-s hold (‘hot start’) followed by 40 cycles of 95°C
for 1 min, specified annealing temperature with 30-s hold, 72°C with 1-
min hold for extension and data acquisition. Amplification was followed
by melting curve analysis program run for 1 cycle at 95°C with 0-s hold,
65°C with 10-s hold and 95°C with 0-s hold at the step-acquisition mode.
A negative control without cDNA template was run with every assay to
assess the overall specificity. The final quantification was achieved by a
relative standard curve.

Western blot analysis

Frozen liver tissue was processed for determination of RFC, PCFT,
THTR-1 and THTR-2 protein abundance. Briefly, liver was homogenized
in 1 mL of 20 mM Tris–HCl (pH 7.5) buffer containing 2 mM MgCl2,
0.2 M sucrose and protease inhibitor cocktail (Sigma). The crude extract
was centrifuged at 2000 g at 4°C for 15 min to remove tissue debris. The
supernatant was used for western blot analyses. Protein concentration was
measured prior to each western blot analysis using a BCA Protein Assay
Kit purchased from Pierce Biotechnology (Rockford, IL, USA) following
the manufacturer’s protocol. Aliquots containing 20–100 μg of protein
were fractionated on 4–20% and Tris-gly gels (Invitrogen, Calif., USA)
at 120 V for 2 h. After electrophoresis, proteins were transferred to Hy-
bond enhanced chemiluminescence (ECL) membrane (Amersham Life
Science, Arlington Heights, IL, USA). The membrane was incubated
for 1 h in blocking buffer (1× Tris-buffered saline, TBS, 0.1%; Tween
20, 5%; non-fat dry milk) and then overnight in the same buffer contain-
ing the primary antibody. Membrane was then washed four times for
5 min in 1× TBS, 0.1% and Tween 20 before a 2-h incubation in blocking
buffer (1× TBS, 0.1%; Tween 20, 5%; non-fat dry milk) plus diluted
horseradish peroxidase-linked anti-mouse or rabbit IgG (Amersham Life
Science). The washing procedures were repeated before the membranes
were developed with chemiluminescent agents (ECL; Amersham Life Sci-
ence) and subjected to autoluminography for 10 s to 5 min. Folate trans-
porter protein abundance was measured using a polyclonal rabbit IgG
antibody raised by us against a synthetic peptide of rat RFC and PCFT
in rabbits using a commercial vendor (Alpha Diagnostic, San Antonio,
TX) at a 1/1000 dilution. Horseradish peroxidase-linked anti-rabbit IgG
secondary antibody (Amersham Life Science) was used at 1/3000 dilu-
tion. Thiamin transporter protein abundance was measured using a poly-
clonal rabbit IgG antibody raised by us against a synthetic peptide of rat
THTR-1 and THTR-2 in rabbits using a commercial vendor (Alpha
Diagnostic, San Antonio, TX) at a 1/1000 dilution. Horseradish perox-
idase-linked anti-rabbit IgG secondary antibody (Amersham Life Sci-
ence) was used at 1/3000 dilution.

Data analysis

Data are expressed as means ± SEM. Student’s t-test was used in statistical
evaluation of the data using SPSS software version 12.0 (SPSS, Chicago,
IL). P-values < 0.05 were considered significant.

Results

General data

As expected, the CKD group showed a significant increase
in arterial pressure, serum creatinine and urea nitrogen
concentration and urinary protein excretion as compared
with the corresponding values found in the sham-operated
control rats. There was no difference in daily intake of
folate and thiamin between control and CKD animals
(folate daily intake control 0.115 ± 0.013 mg/day vs
CKD 0.125 ± 0.023 mg/day and thiamin daily intake con-
trol 0.292 ± 0.0333 mg/day vs CKD 0.316 ± 0.057 mg/

day). No significant difference was found in plasma thia-
min and serum folate concentration between the CKD
and the sham-operated control groups (Table 1).

Folate transporters RFC and PCFT expressions in the
small intestine, brain, heart and liver

The CKD group exhibited marked reductions in the
mRNA abundance of both folate transporters in the small
intestine, heart, liver and brain. Intestinal RFC and PCFT
mRNA levels were reduced to 53 and 26% of the corre-
sponding values found in the control group (Figure 1A).
Likewise, a significant decrease (44 and 62%) in the
mRNA expression of these transporters was observed in
the liver of the CKD animals compared with the sham-
operated controls (Figure 1B). In the heart, the expres-
sion of RFC and PCFT was significantly reduced (to 67
and 58%, respectively) (Figure 1C). In the brain, expres-
sion of RFC was significantly decreased (to 26%) in the
CKD rats compared with the sham-operated controls
(Figure 1D). Although the mean value for brain PCFT
expression was lower in the CKD than in the control
group, the difference was not statistically significant
(Figure 1D).

Thiamin transporters: THTR-1 and THTR-2 expressions in
the small intestine, brain, heart and liver

The CKD animals showed a significant reduction in the
expressions of THTR-1 and THTR-2 in the small intestine,
heart, liver and brain. Intestinal THTR-1 and THTR-2
mRNA levels were decreased to 53 and 36% in the CKD
animals when compared with the controls (Figure 2A).
Likewise, hepatic expression of both thiamin transporters
was significantly decreased to 46 and 32%, respectively, in
the CKD rats when compared with the sham-operated con-
trols (Figure 2B). In the heart, expressions of THTR-1 and
THTR-2 were significantly reduced to 36 and 26%, when
compared with the controls (Figure 2C). There was also a
reduction in the mRNA expression of these transporters
(to 69 and 70%, respectively) in the brain of the CKD
animals compared with the sham-operated controls; how-
ever, the difference did not reach statistical significance
(Figure 2C).

Table 1. General data in control and chronic kidney disease groups

Groups (at 12 weeks) CTL CKD

Cr (mg/dL) 0.55 ± 0.03 1.56 ± 0.23*
Urea (mg/dL) 54.3 ± 1.8 114.7 ± 4.8*
Ccr (mL/min/kg) 5.62 ± 0.53 1.74 ± 0.19*
Urine protein (mg/24 h) 8.81 ± 2.18 80.29 ± 3.66*
SBP (mm Hg) 123.52 ± 5.98 165.15 ± 3.19*
Plasma thiamin (nmol/L) 543 ± 110.2 454.5 ± 39.5
Serum folate (ng/mL) 48.4 ± 2.4 47.3 ± 1.5

Values are given as mean ± SEM.
*P < 0.05 vs CTL groups.
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MFT and MTPP transporter expressions in the liver

Expression of hepatic MFT and MTPP transporter was
significantly reduced (to 57 and 45%, respectively) in
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the CKD animals when compared with the control group
(Figure 3).

Hepatic folate transporter RFC and PCFT and thiamin
transporter THTR-1 and THTR-2 protein abundance

There was a significant decrease in protein abundance
of RFC and PCFT in the liver of CKD animals when
compared with sham-operated controls (Figure 4A–B).
Furthermore, hepatic THTR-1 protein abundance was sig-
nificantly decreased in CKD animals. Hepatic THTR-2
protein abundance was also markedly decreased in CKD
animals; however, the difference did not reach statistical
significance (Figure 4C–D).

Discussion and Conclusion

Some of the clinical features of CKD such as hyperhomo-
cysteinemia, uremic neuropathy, easy fatigability and oxi-
dative stress resemble those found in the vitamin
deficiency states. While plasma folate and thiamin levels
are reportedly normal in CKD patients, the latter observa-
tion raises the possibility that CKD may be associated with
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Fig. 4. Effect of CKD on protein abundance of RFC, PCFT, THTR-1, THTR-2 and β-actin in the liver. Representative western blots and group data
illustrating protein abundance of RFC (A), PCFT (B), THTR-1 (C) and THTR-2 (D) in the liver of CKD and sham-operated control groups. Data are
expressed as function of the corresponding values found in the control animals. Data are shown as mean ± SEM. *P < 0.05, **P < 0.01.
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localized (functional) deficiency of these and other vita-
mins [19–23]. In this context, earlier studies by our group
have demonstrated significant reductions in the intestinal
absorption/uptake of several water-soluble vitamins in-
cluding folate, biotin, riboflavin and pyridoxine in the rat
model of CKD [24–27]. In addition to affecting intestinal
transport of these nutrients, uremia is known to impair up-
take and transport of certain drugs and down-regulate or-
ganic anion transporters in the liver, intestine and brain in
rat model of CKD [28–30]. In light of these findings, we
sought to assess the effect of CKD on folate and thiamin
transporters in selected organs. The study revealed a sig-
nificant down-regulation of the folate transporters RFC
and PCFT in the small intestine of CKD animals compared
with sham-operated controls. Down-regulation of intes-
tinal folate transporters found in the present study provides
the mechanism for the reduction of intestinal uptake of fol-
ate in the uremic rats shown in our previous studies [24].
Down-regulation of intestinal folate and thiamin transpor-
ters shown here and reduced intestinal folate absorption
shown previously were paradoxically associated with no
significant change in the plasma thiamin or folate levels
in the CKD animals compared with the sham-operated
control rats. The observed normality of plasma folate
and thiamin levels in the CKD animals is consistent with
the results of the published studies in humans [19,20]. This
phenomenon cannot be attributed to dietary factors since
the amount and composition of food consumed by the
CKD and control animals were similar. Likewise, a pos-
sible reduction in the volume of distribution of these pro-
ducts is an unlikely candidate since the opposite would be
expected due to volume expansion in humans and animals
with advanced renal insufficiency. However, diminished
uptake and utilization of these vitamins by peripheral or-
gans and tissues can potentially account for their normal
plasma concentrations despite reduced intestinal absorp-
tion. This supposition is supported by the observed
down-regulation of folate and thiamin transporters in the
liver, brain, left ventricle and hepatic MFT in the CKD
animals.

Folate plays a critical role in the purine and pyrimidine
biosynthesis (precursors of nucleic acids), in the metabol-
ism of several amino acids (including homocysteine) and in
the initiation of protein synthesis in mitochondria [4–6].
Folate deficiency leads to both chromosomal DNA injury
and mitochondrial DNA mutations [4–6,31], which have
been collectively associated with mitochondrial dysfunc-
tion, membrane depolarization, increased reactive oxygen
species (ROS) production and premature cell death
[31,32]. It is well established that CKD is associated with
up-regulation of ROS-generating machinery, increased gen-
eration of ROS, oxidative stress and inflammation [23].
Therefore, a potential decrease in cellular uptake of folate
in such tissues as liver, heart and brain and a potential de-
crease in folate uptake by the mitochondria may contribute
to the prevailing oxidative stress in CKD. It has been shown
that mitochondrial folate deprivation can induce oxidative
stress by promoting cytochrome C oxygenase dysfunction,
membrane depolarization and super-oxide overproduction.
In this context, folate serves as an antioxidant at the mito-
chondria level and helps to ameliorate the mitochondrial

oxidative decay elicited by pro-oxidants [31,32]. Given
the important role of liver in storage and metabolism
of folate, a potential defect in mitochondrial folate trans-
port in this organ may lead to mitochondrial dysfunction,
heightened ROS production and oxidative stress in CKD
[31,33,34].

The findings of the present study may help explain the
failure of clinical trials of folate supplementation to im-
prove mortality and cardiovascular outcomes in hyperho-
mocysteinemic patients with CKD. The rationale leading
to the expectation that folate should have been beneficial
arises from the fact that folate is also involved in the me-
thionine metabolism pathway by serving as a substrate
for the methionine synthase [35]. Reduced folate avail-
ability can result in hyperhomocysteinemia that has been
associated with increased risk of atherosclerotic cardio-
vascular disease as well as neurological complications
[36–39]. Patients with CKD frequently exhibit significant
hyperhomocysteinemia [39,40]. While some have sug-
gested that strategies aimed at reducing homocysteine
level in CKD may reduce the burden of atherosclerosis
and improve mortality, a randomized clinical trial of fol-
ate supplementation failed to change overall mortality
and cardiovascular outcomes in this population [41]. Fur-
thermore, folate supplementation failed to normalize
homocysteine level in most patients with CKD in this
trial [41]. The down-regulation of folate transporters
and their decreased protein abundance in the liver shown
here may, in part, account for the failure of folate supple-
mentation in normalizing plasma homocysteine levels in
CKD population.

Thiamin plays a fundamental role in cellular metabolism
and energy production, principally via thiamin pyrophos-
phate, which serves as a coenzyme required for normal
cellular function, growth and development [9–11]. Further-
more, thiamin plays a role in blunting ROS generation via
its capacity to bridge the glycolytic and the pentose phos-
phate metabolic pathways [9–11]. Insufficient amounts of
dietary thiamin can lead to a variety of clinical conse-
quences that include neurologic and cardiovascular dys-
functions [42–44]. In this study, we found significant
down-regulations of the thiamin transporters THTR-1
and THTR-2 in all tested tissues and decreased protein
abundance in the liver of CKD animals when compared
with sham-operated controls. We speculate that down-
regulation of thiamin transporters will result in diminished
intracellular thiamin levels and will contribute to the CKD-
associated oxidative stress.

CKD results in reduced exercise capacity which has
been attributed, at least, in part, to the associated anemia
of CKD. The advent and widespread availability of erythro-
poiesis-stimulating agents (ESAs) has revolutionized the
treatment of CKD-induced anemia. Contrary to expect-
ation, correction of anemia with ESAs has had minimal
impact in restoring CKD patients’ exercise capacity [45].
Because thiamin is an important factor for glucose me-
tabolism and energy production, possible limitation in
cellular thiamin availability can adversely affect energy
metabolism [43,46]. In addition, thiamin deficiency has
been reported to cause cognitive impairment and findings
similar to Alzheimer’s disease [47]. It is of note that thia-
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min serves as a cofactor for transketolase (a key enzyme
in the non-oxidative branch of pentose phosphate shunt
pathway) whose deficiency is known to cause peripheral
neuropathy [42,46,48]. Peripheral neuropathy is a com-
mon complication of uremia, and uremic peripheral neur-
opathy has been linked to dysregulation of transketolase
[49]. Given the critical role of thiamin in regulation of
transketolase activity, we speculate that the observed
down-regulation of thiamin transporters in the neuronal
tissue shown in the animal model of kidney disease con-
tributes to the pathogenesis of uremic neuropathy.

It is also interesting to note that CKD results in a signifi-
cant reduction in the expression of mitochondrial thiamin
transporter (SLC25A19). In light of the fact that thiamin
is an essential cofactor for three enzymatic complexeswithin
the mitochondria (the pyruvate dehydrogenase complex, the
branched chain keto acid dehydrogenase complex and the
alpha-ketoglutarate dehydrogenase complex) and the fact
that mutations in this transporter are believed to cause pro-
gressive polyneuropathy and bilateral striatal necrosis, our
findings may have significant clinical relevance in regard
to the peripheral neuropathy observed in CKD patients [50].

In conclusion, the present study demonstrated the asso-
ciation of CKD with down-regulation of folate and thiamin
transporters, which can potentially contribute to various
complications of uremia by limiting bio-availability of
these essential micronutrients at the tissue, cellular and or-
ganelle level.
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Abstract
Background. Transplant rejection is mediated by T-cell
activation which is modulated by interleukin-2 (IL-2)
binding to IL-2R (CD25). Monoclonal anti-IL-2 receptor
antibody is used in renal transplantation to reduce rejec-
tion. Interestingly, proximal tubular epithelial cells (TEC)
express CD25, similar to T cells. We have demonstrated
that IL-2 induces murine TEC apoptosis through down-
regulation of the caspase-8 inhibitor protein c-FLIP. Anti-
CD25 antibody may be useful clinically to limit renal
injury, but this has not been tested in human TEC.
Methods. Human PT-2 TEC were isolated and cloned
from the urine of transplant patients. Apoptosis was deter-

mined by FACS with Annexin-V FITC. Protein expression
was studied using western blot, and mRNA levels by quan-
titative real-time (PR-PCR).
Results.We demonstrated that the morphology of a human
kidney cell line (PT-2) cloned from urine was consistent
with proximal TEC and expresses alkaline phosphatase,
cytokeratin, vimentin, CD13, CD26, and low levels of E-
cadherin. Basal IL-2 receptor (CD25) was up-regulated
by IL-2/IFN-γ stimulation, and cytokine exposure in-
duced apoptosis in a dose-dependent manner. Apoptosis
with IL-2/IFN-γ was associated with increased caspase-8
activity and decreased endogenous caspase-8 inhibitor
c-FLIP mRNA and protein expression. IL-2/IFN-γ-induced
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