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Post-Transcriptional Nature of Uremia-induced Down-Regulation
of hepatic Apolipoprotein A-I production

H. Moradi, H.M. Said, and N.D. Vaziri
Division of Nephrology and Hypertension, University of California, Irvine, Irvine, California, USA
92697

Abstract
CKD is associated with premature death from cardiovascular disease which is, in part, driven by
HDL deficiency and dysfunction. One of the main causes of HDL deficiency in CKD is
diminished plasma apoliprotein A-I level. Plasma ApoA-I is reduced in dialysis patients and
hepatic ApoA-I mRNA is decreased in the uremic rats. This study explored the mechanism of
uremia-induced down-regulation of ApoA-I. HepG2 cells were incubated in media containing
whole plasma or plasma subfractionation from normal subjects and ESRD patients pre- and post-
hemodialysis. Cells and culture media were isolated to measure ApoA-I protein and mRNA.
ApoA-I promoter activity was measured using transfection with a luciferase promoter construct
containing the −2096 to +293 segment of ApoA-I gene. Finally effect of uremic and control
plasma was assessed on ApoA-I RNA stability. Exposure to uremic plasma significantly reduced
ApoA-I mRNA expression and ApoA-I protein production. These effects were reversed by
replacing uremic plasma with normal plasma. While no difference in ApoA-I promoter activity
was found between cells exposed to uremic and normal plasma, uremic plasma significantly
reduced ApoA-I RNA stability. Experiments using plasma sub-fractions revealed that the
inhibitory effect of uremic plasma on ApoA-I mRNA expression resides in fractions containing
molecules larger but not smaller than 30kd. The pre- and post-dialysis plasma exerted an equally
potent inhibitory effect on ApoA-I mRNA abundance.

Uremia lowers ApoA-I production by reducing its RNA stability. The inhibitory effect of uremic
milieu on ApoA-I mRNA expression is mediated by non-dialyzable molecule(s) larger than 30 kd.
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Introduction
Approximately 9% of the United States (US) population have chronic kidney disease
(CKD), translating into 20 million adults (1). Out of this staggering number, approximately
400,000 patients have advanced (stage V) CKD requiring maintenance dialysis (1). Five

© 2012 Mosby, Inc. All rights reserved.

Address all correspondence to: N. D. Vaziri, MD, MACP, Emeritus Professor of Medicine, Physiology & Biophysics, Division of
Nephrology & Hypertension, Schools of Medicine and Biological Science, University of California Irvine.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

All authors have read the journal's policy on conflicts of interest and have none to declare.

NIH Public Access
Author Manuscript
Transl Res. Author manuscript; available in PMC 2014 June 01.

Published in final edited form as:
Transl Res. 2013 June ; 161(6): 477–485. doi:10.1016/j.trsl.2012.11.001.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



year survival for patients with stage V CKD is about 35%, a mortality rate that is worse than
that associated with many cancers (2–3). Almost half of these deaths are attributed to
premature cardiovascular disease (2–3). Furthermore, there is an independent and graded
association between reduced creatinine clearance and the risk of cardiovascular events,
hospitalization and death (4). Cardiovascular disease in CKD is associated with and, in part,
due to profound dysregulation of lipoprotein metabolism which leads to a highly pro-
atherogenic plasma lipid profile. This is marked by impaired clearance and accumulation of
oxidation-prone intermediate density lipoprotein (IDL) particles, chylomicron remnants and
small dense low density lipoprotein (LDL) coupled with HDL deficiency and dysfunction
(5,6). The CKD-induced HDL abnormalities include reduction of plasma HDL cholesterol
concentration and impaired maturation, antioxidant, anti-inflammatory and reverse
cholesterol transport capacities of HDL (7–10). Several factors contribute to HDL
deficiency and dysfunction including reduced plasma levels of ApoAI and lecithin
cholesterolacyltransferase (LCAT), oxidative modification of HDL limiting its binding to
the gateway of cholesterol efflux, and upregulation of acyl-CoA cholesterolacyltransferase
(ACAT) impeding the release of free cholesterol from lipid laden cells in the artery wall (9–
15). Together accumulation of oxidation prone, highly atherogenic and pro-inflammatory
lipoprotein remnants and HDL deficiency and dysfunction as opposed to the traditional
hypercholesterolemia and elevated LDL cholesterol are the primary features of CKD-
induced dyslipidemia (16–20). These lipid abnormalities most likely make a significant
contribution to the atherogenic diathesis in this population. Accordingly, interventions
aimed at alleviating inflammation and oxidative stress and enhancing HDL-mediated reverse
cholesterol transport may confer greater cardiovascular protection in CKD population than
the cholesterol-lowering therapies.

The critical role of HDL as the vehicle of reverse cholesterol transport and it’s effectiveness
in prevention and impeding atherosclerosis have been demonstrated in many clinical studies
(21–24). The biosynthesis and maturation of HDL is a complex process involving
production and release of its major apolipoprotein components, extraction of phospholipids
and cholesterol from the target cells, and exchange of its lipid and apoprotein cargo with
Apo B-containing lipoproteins in the circulation. The assembly of these different
components leads to the generation of mature HDL particles. The major apolipoprotein of
HDL is Apolipoprotein A-I (ApoA-I) which constitutes approximately 70% of the HDL
protein content (25–26). ApoA-I is synthesized in the liver and intestine. Deletion of the
ApoA-I gene results in a significant reduction of HDL and increased risk of atherosclerosis
(27–29) Whereas its over-expression significantly increases serum HDL levels and inhibits
progression of atherosclerosis and even causes regression of existing atherosclerotic plaques
(30–33).

Several studies in patients with CKD and end stage renal disease have demonstrated the
association of CKD with ApoA-I deficiency (34–36). However the available data on the
underlying mechanisms of CKD-induced ApoA-I deficiency are limited. The present study
was performed to determine the mechanisms by which uremia leads to down regulation of
ApoA-I gene expression.

Material and Methods
Pooled plasma preparations

Pre- and post-dialysis plasma samples from a group of 50 patients with end-stage renal
disease were collected in heparinized tubes and pooled. Patients receiving HMG-CoA
reductase inhibitors and other lipid-altering medications and those with viral and bacterial
infections or intercurrent acute illnesses were excluded from the study. The protocols for
collection and pooling of plasma samples were reviewed and approved by University of

Moradi et al. Page 2

Transl Res. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



California, Irvine institutional review board (IRB). The urea nitrogen, concentrations in the
pooled samples was measured by QuantiChrom™ Urea Assay Kit (BioAssay Systems,
Hayward, CA, U.S.A.) and found to be 67 mg/dL in pre-dialysis and 30 mg/dL in post-
dialysis pooled samples. Gender-matched pooled plasma from healthy controls was
purchased from a vendor (Innovative Research, MI, USA) and the urea nitrogen was
measured and found to be 14 mg/dL. In addition plasma concentrations of sodium,
potassium, phosphorus and glucose were measured in the pooled plasma samples and the
results summarized in table. Amicon filters were used to fractionate uremic and control
plasma per manufacturer’s protocol (Amicon Ultra-4 Centrifugal Filter Units – 10,000 and
30,000 NMWL (10 and 30 kilodaltons), EMD Millipore Corporation, Billerica, MA, USA).

Cell Culture
The human-derived hepatic HepG2 cells (passage 20; American Type Culture Collection,
Manassas, VA) derived from a 15-yr-old Caucasian male were grown in DMEM
supplemented with 10% (vol/vol) FBS, glutamine (0.29 g/l), sodium bicarbonate (2.2 g/l),
penicillin (100,000 U/l), and streptomycin (10 mg/l) in 75-cm2 plastic flasks at 37°C and 5%
CO2-95% air. The cells were plated at a density of 2 × 105 cells/well in 12-well plates and
media were changed every 2 or 3 days.

Quantitative real-time PCR (qPCR) and ELISA
Quantitative PCR (qPCR) was performed using the Bio-Rad iCycler (Hercules, CA) and a
Qiagen Quantitect SYBR Green PCR kit (Valencia, CA). RNA from HepG2 cells was
isolated using TriZOL (Invitrogen, Carlsbad, CA), following the manufacturer's instructions.
The RNA was DNase treated and first-strand cDNA was made from 5 µg of the isolated
total RNA primed with oligo dT using an Invitrogen Superscript synthesis system. The RT
products were then used in the subsequent qPCR with primers specific for the human ApoA-
I (forward, 5′-AGCTTGCTGAAGGTGGAGGT -3′ and reverse, 5′-
ATCGAGTGAAGGACCTGGC -3′) (22) and the human β-actin (forward 5′-
AGCCAGACCGTCTCCTTGTA-3′ and reverse, 5′-TAGAGAGGGCCCACCACAC-3′)
genes. The qPCR consisted of a 15-s 95°C melt follo wed by 40 cycles of 95°C melt for 30
s, 58°C annealing for 30 s, and 72°C extension a nd data collection for 1 min. To compare
the relative relationship between ApoA1 levels, we used a calculation method provided by
the iCycler manufacturer (Bio-Rad) described previously (38). The approach determines the
relative relationship among various samples by first determining the threshold cycle (the
number of cycles in the PCR that were required to achieve a specific level of product) for
our gene of interest and a housekeeping gene in each sample (β-actin). All samples are then
normalized to the housekeeping gene. Next the sample with the lowest expression level is
set to a relative value of one and all samples are calculated according to the expression level
over that sample. Each unit any gene is expressed above another represents a doubling of the
expression level. ApoA-I protein concentration was determined after exposing HepG2 cells
to 10% uremic versus control plasma for 48 hours. Cells were subsequently washed four
times with PBS and fresh serum-free media was added and incubated for 6 hours.
Subsequently the concentration of ApoA-I secreted into the media was measured using an
ELISA kit following the manufacturer’s protocol (Catalog# SEL3664, R&D systems,
Minneapolis, U.S.A.).

Cloning of the 5′-regulatory region for the ApoA-I gene
In order to determine whether uremic down-regulation of ApoA-I expression is also
mediated at the promoter level the −2096 to +293 segment of this gene was cloned into a
pGL3-luciferase reporter plasmid as previously described with minor modifications (39).To
obtain the genomic DNA fragment that contained the 5′-regulatory region of the ApoA1
gene, we used the sequence information deposited in GenBank (accession no. M20656.1) for
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the ApoA-I gene and flanking sequence. Primers were designed with the incorporation of
Mlu I and Bgl II restriction sites. A PCR was then performed using mentioned primers and
100 ng of human genomic DNA (Invitrogen). A reaction buffer and polymerase specially
developed to allow amplification through GC-rich regions in the DNA sequence was used
(Advantage GC Genomic PCR Kit; Clontech). PCR conditions were denaturation at 95°C
for 5 min, followed by 30 cycles of denaturati on at 95 C for 30 s, annealing at 50°C for 30
s, extension at 72°C for 4 min, and then a f inal extension at 72°C for 15 min. The 2389 base
pair product was run on a 0.7% agarose gel and purified. The purified DNA was then cut
with the restriction enzymes Mlu I and Bgl II (sequence encoded in the primers) and
subcloned into the pGL3-basic vector (Promega, Madison, WI), cut with the same enzymes.
The entire DNA sequence was verified via sequencing (Laragen, Los Angeles, CA).

Cell culture, transfection, and luciferase assay
Four micrograms of the full-length promoter-luciferase constructs for ApoA-I was
transfected into HepG2 cells using the Lipofectamine 2000 reagent (Invitrogen, San Diego,
CA) following the manufacturer's protocol. To normalize for transfection efficiency, the
cells were cotransfected with 100 ng of pRL-TK (Promega, Madison, WI) plasmid along
with the promoter constructs. Total cell lysate was prepared from cells 24 h posttransfection,
and firefly luciferase activity was assayed using the dual luciferase kit (Promega) and a
Turner Design 20/20 Luminometer (Sunnyvale, CA). The activity was normalized to the
Renilla luciferase activity from pRL-TK in the same extract. A control plasmid (SV-40
pGL3) was also used to rule out a general effect on transcription from the uremic toxins.
Data presented are the means ± SEM of at least three independent experiments and given as
fold expression over pGL3-basic expression set arbitrarily at one. Statistical analysis was
performed using the Student's t-test.

RNA Stability Assay
A RNA decay rate assay (i.e., RNA stability assay) was performed as previously described
(40–41). HepG2 cells were maintained in control or uremic growth medium and then
analyzed for RNA stability by the addition of actinomycin D (1 µM, Sigma) to the growth
medium followed by an isolation of total RNA using TRIzol (Invitrogen) and the
manufacturer's procedures at specific time points of 30 minutes, 1, 4, 6, and 22 h. RNA was
then reverse transcribed with oligo-dT, and qPCR analysis was performed with specific
primers to either ApoA-I or β-actin using the conditions and primers described above.

Results
Effect of uremic plasma on expression and secretion of ApoA-I

Exposure to uremic plasma resulted in a marked reduction in ApoA-I release in the media by
HepG2 cells when compared to cells exposed to the normal plasma (Figure 1A). To assess
whether this was mediated via a transcriptional mechanism, cells were incubated in serum-
free media for 24 hours and then exposed to media containing different concentrations of
uremic and normal plasma. To this end cells were exposed to DMEM containing 10%
uremic or control plasma for 48 hours. We found a significant decrease in the ApoA-I
mRNA abundance in cells exposed to uremic plasma at 10 % concentration when compared
to cells treated with the normal plasma (Figure 1B). In addition, a time course study was
conducted by exposing cells to 10% uremic and control plasma for 24, 48 and 72 hours.
There was a significant decrease in ApoA-I mRNA expression with exposure to uremic
plasma which was most significant at 48 hours (Figure 2). To assess the reversibility of this
phenomenon, we exposed cells to 10% uremic plasma for two days after which the media
was removed, cells were washed and then exposed to control media for one day. While there
was a significant decrease in ApoA-I mRNA concentration in cells exposed to the media
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containing uremic plasma, this effect was fully reversed when the uremic plasma was
replaced with the control plasma (Figure 3).

Effect of uremic plasma subfractions on ApoA-I expression
To determine the size of the molecule(s) in the uremic plasma which mediate down-
regulation of ApoA-I expression, Amicon filters were used to fractionate uremic and control
plasma. The effect of the given plasma sub-fractions was subsequently tested ApoA-I
mRNA expression in HepG2 cells. The uremic plasma fractions containing molecules with
MW equal or greater than 30 Kd caused a significant decrease in ApoA-I mRNA expression
when compared to the corresponding normal plasma fractions. However no significant
difference was found in ApoA-I expression in cells exposed to plasma fractions containing
molecules with MW less than 30Kd between the uremic and control samples (Figure 4). To
determine whether hemodialysis can remove the uremic toxin/s responsible for inhibition of
ApoA-I expression, cells were exposed to pooled pre- and post-dialysis plasma samples and
the results were compared with those obtained with normal plasma. Compared with the
normal plasma both pre-dialysis and post-dialysis plasma lowered ApoA-I mRNA
abundance in HepG2 cells to the same degree (Figure 5). These findings suggest that the
toxin(s) responsible for inhibition of ApoA-I expression is/are not removed by hemodialysis.
The latter finding is consistent with the results of the sub-fractionation studies noted above.

Effect of uremic plasma on ApoA-I promoter activity
In order to determine whether uremia-induced down-regulation of ApoA-I expression is due
to the reduction of the promoter activity, the −2096 to +293 segment of this gene was cloned
into a pGL3-luciferase reporter plasmid (39). Increasing concentrations of the plasmid were
transfected into HepG2 cells and this resulted in increasing luciferase activity which
confirmed the functionality of this promoter region (Figure 6A). HepG2 cells were then
transfected with the plasmid containing the ApoA-I promoter and subsequently exposed to
media containing 10% uremic or control plasma. The results showed that uremic plasma had
no effect on ApoA-I promoter activity (Figure 6B). Based on these findings down-regulation
of ApoA-I expression does not appear to be mediated at the promoter level.

Effect of uremic plasma on ApoA-I RNA stability
To determine whether the observed reduction of ApoA-I mRNA abundance in HepG2 cells
following exposure to uremic plasma was, in part, due to altered RNA stability, cells were
serum-starved and subsequently incubated with 1 µM actinomycin D and 10% uremic or
control plasma. We found an accelerated time-dependent reduction in ApoA-I mRNA level
in the cells exposed to uremic plasma when compared with that seen in cells exposed to
normal control plasma (Figure 7). These findings illustrate that uremia-induced down-
regulation of ApoA-I is at least partly due to its reduced RNA stability.

Discussion
Patients with CKD and end stage renal disease commonly exhibit ApoA-I deficiency (34–
35). ApoA1 deficiency in this population has been variably shown to be due to its increased
catabolism (42–43), and decreased production (44). In addition, exposure to serum from
hemodialysis patients has been shown decrease ApoA-I expression, synthesis and secretion
in cultured hepatoma cell line (HepG2) (45–46). The reduction in plasma ApoA1
concentration in rats with CKD induced by 5/6 nephrectomy is accompanied by marked
reduction of its hepatic mRNA abundance (47). Taken together the available in vivo and in
vitro studies point to the inhibitory effect of uremic milieu on hepatic ApoA-I gene
expression resulting in decreased production and secretion of this molecule. However, the
nature and the mechanism(s) of action of the uremic products which cause down regulation
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of ApoA-I gene expression have not been deciphered. In the present study, we confirmed the
previously published findings that exposure to uremic plasma reduces ApoA-I production
and expression in a human hepatic cell line (HepG2). We further showed that the molecules
responsible for this effect are larger than 30Kd and cannot be removed by hemodialysis. In
addition, the study revealed that the inhibitory effect of uremic milieu on ApoA-I expression
is reversible and ApoA-I expression returns to control levels once uremic plasma is replaced
with the normal plasma.

Earlier studies have shown that inflammation suppresses ApoA-I expression at the
transcriptional level (48). These findings may partially explain the association of
inflammatory states with the reduction of plasma ApoA-I level as observed in patients with
rheumatoid arthritis (49) and acute infections (50). Given the fact that CKD is a pro-
oxidative/pro-inflammatory state as documented extensively by numerous investigators (51–
55), we hypothesized that down-regulation of ApoA-I in CKD is caused by an inhibitory
effect at the promoter level. We tested this hypothesis using an ApoA-I promoter reporter
plasmid construct. Contrary to our expectation, uremic plasma did not alter ApoA-I
promoter activity in our cell culture model. This observation suggests that, down-regulation
of ApoA-I by uremic plasma does not seem to be mediated at the promoter level.

An alternative mechanism for the ApoA-I mRNA depletion by exposure to uremic milieu
may be reduction of RNA stability. The importance of this concept was illustrated by
Mooradian et al, who demonstrated that the glucosamine-induced reduction of ApoA-I
mRNA level in HepG2 cells was secondary to decreased mRNA stability (56). Similarly we
found that uremic plasma had a profoundly negative effect on ApoA-I RNA stability. Based
on these findings down-regulation of ApoA-I expression by uremic milieu is at least partly
mediated via decreased RNA stability.

While these findings further advance our understanding of the mechanisms responsible for
CKD induced ApoA-I deficiency, several limitations will need to be mentioned. The current
study was performed in an in-vitro model of simulated uremia and further in-vivo studies
will be necessary to strengthen these findings. Furthermore, a general destabilizing effect of
the uremic milieu on total mRNA cannot be excluded although the expression of ApoA-I
mRNA in the present and previous studies were adjusted against the expression of a house-
keeping gene. It should be noted that plasma glucose level in the pooled sample from CKD
patients was about 30% higher than that in the pooled plasma from the healthy controls. This
is due to the inclusion of patients with diabetes mellitus which is the most common cause of
CKD. In addition the potential mixture of samples from fed/fasting states could have
contributed to the higher glucose level observed in the pooled CKD plasma. By modifying
the plasma levels of free fatty acids and/or insulin which can influence lipid processing,
signaling and RNA stability these factors could have contributed to the negative effect of
pooled plasma from CKD patients on ApoA-1 RNA stability.

In conclusion, exposure to the uremic milieu causes down-regulation of ApoA-I mRNA
expression and ApoA-I protein production in cultured hepatocytes. This effect is due to
post-transcriptional dysregulation (decreased RNA stability) of ApoA-I mRNA rather than
depressed promoter activity. Furthermore, experiments employing plasma sub-fractions and
pre- and post dialysis plasma revealed that the product(s) or toxins responsible for this effect
are not removed by hemodialysis.
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Figure 1.
A. ApoA-I mRNA expression in HepG2 cells exposed to 10% uremic or control plasma.
Data represent means ± SEM of at least 3 independent experiments. * p<0.05, ** p<0.01,
***p<0.001. B. ApoA-I protein concentration in media of HepG2 cells exposed to 10%
uremic or control plasma for 48 hours and subsequently washed with PBS and incubated
with plasma-free media. Data represent means ± SEM of at least 3 independent experiments.
* p<0.05
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Figure 2.
ApoA-I mRNA expression in HepG2 cells exposed to 10% uremic or control plasma for 24,
48 and 72 hours. Data represent means ± SEM of at least 3 independent experiments. *
p<0.05, ** p<0.01, ***p<0.001
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Figure 3.
ApoA-I mRNA expression in HepG2 cells exposed to 10% uremic or control plasma,
followed by switching one group of uremic cells from uremic plasma to control. Cells were
exposed to uremic media for 48 hours which was then removed and replaced with control
media for another 24 hours. Data represent means ± SEM of at least 3 independent
experiments. ** p<0.01, ***p<0.001
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Figure 4.
ApoA-I mRNA expression in HepG2 cells exposed to 10% fractionated uremic or control
plasma. Amicon filters with nominal molecular weight limit 10Kd and 30Kd were used to
fractionate the plasma. Cells were exposed to media for 48 hours. Data represent means ±
SEM of at least 3 independent experiments. ***p<0.001
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Figure 5.
ApoA-I mRNA expression in HepG2 cells exposed to 10% control, predialysis or
postdialysis plasma. Cells were exposed to media for 48 hours. Data represent means ± SEM
of at least 3 independent experiments. CTL vs. pre-HD plasma**p<0.01, pre-HD vs. post-
HD no significant difference detected.
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Figure 6.
A. Transfected ApoA-I promoter activity in HepG2 cells. The cell line was transfected with
the promoter-luciferase construct for ApoA-I, with the results of a luciferase assay for each
transfection shown. Firefly luciferase activity was normalized relative to the activity of
simultaneously expressed Renilla luciferase. The results are expressed relative to the pGL3-
basic vector. B. Effect of uremic and control plasma on ApoA-I promoter activity. The Hep
G2 cells were transfected with the promoter-luciferase construct for ApoA-I, subsequently
the cells were exposed to uremic or control plasma. Cells transfected with SV-40 pGL3 were
used as control to rule out a general effect. The results are expressed relative to the pGL3-
basic vector set at 1 and represent means ± SEM of at least 3 independent experiments.
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Figure 7.
RNA stability of ApoA-I mRNA in HepG2 cells treated with uremic or control plasma.
HepG2 cells maintained in media containing 10% control or uremic media were analyzed
for RNA stability by the addition of actinomycin D (1 µM, a potent transcription inhibitor)
to the growth medium with specific time point isolation of total RNA followed by reverse
transcription with oligo-dT and real-time quantitative PCR analysis with specific primers to
ApoA-I or β-actin. Solid line represents control conditions, whereas dashed line shows
uremic conditions.

Moradi et al. Page 16

Transl Res. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Moradi et al. Page 17

Ta
bl

e 
1

So
di

um
, p

ot
as

si
um

, p
ho

sp
ho

ru
s,

 g
lu

co
se

 a
nd

 u
re

a 
ni

tr
og

en
 (

B
U

N
) 

co
nc

en
tr

at
io

ns
 in

 th
e 

po
ol

ed
 p

la
sm

a 
sa

m
pl

es
 f

ro
m

 g
en

de
r-

m
at

ch
ed

 c
on

tr
ol

s 
an

d
di

al
ys

is
 p

at
ie

nt
s.

So
di

um
m

E
q/

L
P

ot
as

si
um

m
E

q/
L

P
ho

sp
ho

ru
s

m
g/

dL
G

lu
co

se
m

g/
dL

B
U

N
m

g/
dL

Po
ol

ed
 D

ia
ly

si
s 

Sa
m

pl
es

13
7

5.
1

5.
3

13
2

67

Po
ol

ed
 C

on
tr

ol
 S

am
pl

es
14

4
3.

7
2.

7
10

3
14

Transl Res. Author manuscript; available in PMC 2014 June 01.




