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Summary

CD14 is a membrane glycoprotein that acts as a co-receptor for the detection of bacterial lipopoly-
saccharide (LPS). Mutual interaction between CD14 and LPS plays an important role in the innate
immune system. Increased serum soluble CD14 levels have been described in hemodialysis (HD)
patients, and linked to increased mortality risk, inflammation and protein-energy wasting. The ex-
pression of CD14 may be influenced by CD14 promoter gene C-159T polymorphism.

This study aimed to clarify the possible association between CD14 promoter gene C-159T polymor-
phism and nutritional status in hemodialysis patients.

The study population consisted of 185 (104 males; 81 females) long-term HD patients treated in 5
dialysis centers. The control group consisted of 112 apparently healthy volunteers (32 males and 80
females). Nutritional status was assessed using a modified SGA scale, and anthropometric methods
(BMI, WHR, waist, hip and mid-arm circumferences, biceps, triceps, subocular and subscapular skin-
folds). Biochemical parameters evaluated included: CRP, albumin, creatinine, urea, cholesterol, tri-
glycerides and TIBC. CD14 promoter gene C-159T polymorphism was determined by restriction frag-
ment length polymorphism, after digestion of the PCR product with Hae III restriction endonuclease.
Genotype and allele frequencies were similar to controls and compliant with Hardy-Weinberg equi-
librium. No between-group differences were detected in measured variables with the exception of
lower triglyceride levels in carriers of C allele in comparison to TT genotype.

CD14 promoter gene C-159T polymorphism does not seem to be associated with nutritional status
parameters in HD patients. It does seem, however, to influence triglyceride blood levels.
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BACKGROUND

In recentyears, it has been established that in patients main-
tained on chronic hemodialysis (HD) there is a strong asso-
ciation between markers of inflammation, nutritional status,
cardiovascular disease and overall morbidity and mortality
[1]. It was found that 30-60% of HD patients have evidence
of activation of inflammation [2-4]. The stimuli for such
a response have not been clearly defined, however, several
have been proposed, such as reduced renal clearance of cy-
tokines, accumulation of AGE’s, occult inflammatory pro-
cesses or infections, bioincompatibility of dialysis membranes
and exposure to endotoxins, bacterial DNA fragments, and
unspecified pro-inflammatory substances present in dialy-
sis fluid. Nonetheless, activation of inflammation, even if
low grade, is linked to malnutrition.

An important role in the innate immune system is played
by a CD14 pattern-recognition receptor. CD14 is a receptor
for endotoxin, and binds components of Gram-positive and
Gram-negative bacteria. CD14-positive monocytes react to
stimulation by increasing synthesis and release of cytokines
[5]. CD14 protein is present both in soluble (sCD14) and
membrane-bound forms.

Increased sCD14 levels have been described in HD patients
[6-8] and linked to increased mortality risk, inflammation
and protein-energy wasting [7,8]. In the promoter region
of the CD14 gene polymorphism (dbSNP: rs2569190) was
identified at position -159 designated according to the tran-
scription start site that corresponds to -260 from the AUG
start codon, which is associated with the intensity of CD14
gene product expression [9].

The aim of the present study was to investigate the distribu-
tion of CD14 promoter gene C-159T polymorphism in HD
patients, and to determine whether this polymorphism in
the CD14 gene is associated with indices of nutritional status.

MATERIAL AND METHODS

Subjects

The study population consisted of 185 Caucasian patients
(81 females and 104 males) undergoing HD in 3 centers in
Warsaw, 1 in Bydgoszcz and 1 in Bialystok, Poland. Patients
had been maintained on chronic hemodialysis for at least 3
months before entering the study. Causes of CRF were as fol-
lows: uncertain (n=36), chronic glomerulonephritis histolog-
ically not examined (n=b4), primary glomerulonephritis (9),
chronic pyelonephritis/interstitial nephritis (n=31), various
cystic kidney diseases (n=25), renal vascular diseases and isch-
emic renal diseases (n=16), amyloidosis (n=6) and other (n=8).

HD was performed 3 times a week using bicarbonate dial-
ysate. Most of the patients were on antihypertensive drugs
and phosphate binders. Dietary recommendations during
the study were as follows: protein 0.8-1.0 g/kg of ideal body
mass (with at least half of the protein being of high biolog-
ic value), 30% of calories derived from fat, and 62% of cal-
ories from carbohydrates.

The control group consisted of 94 apparently healthy vol-
unteers (34 males, 60 females; aged 45.7+17.2y).

Study protocol

Patients were eligible if they were between the ages of 18
and 90 years, had been receiving HD treatment for at least
3 months before entering the study, and agreed to partici-
pate in the study. Exclusion criteria included: recent acute
inflammatory disease, history of allergy, diabetes mellitus,
lupus erythematosus, Wegener’s granulomatosis, colitis ul-
cerosa, Crohn’s disease, history of juvenile rheumatoid ar-
thritis, history of neoplastic disease, and treatment with ste-
roids and immunosuppressive drugs.

Subjects were weighed in light clothing to the nearest 0.5 kg
and their height recorded to the nearest 0.5 cm. Skinfold
thickness (SFT) was measured using Harpenden skinfold
calipers at the triceps, biceps, and subscapular sites, using
defined anatomical landmarks. The mean of 3 measure-
ments at each site was calculated. The waist and hip circum-
ference were measured to the nearest 0.5 cm at the umbi-
licus and greater trochanter.

Nutritional status was assessed using the modified SGA scale
(MIS) proposed by Kalantar-Zadeh and colleagues [10].
Each MIS component has 4 levels of severity from 0 (nor-
mal) to 3 (very severe). The sum of all 10 MIS components
ranged from 0 to 30, denoting increasing degree of sever-
ity. Nutritional status was also evaluated by anthropomet-
ric methods, including triceps skinfold thickness, mid-arm
circumference (MAC) and mid-arm muscle circumference
(MAMC). MAMC was calculated as follows:

MAMC = MAC - (3.1415 x TSF)

Skinfold measurement was performed by trained investi-
gators (AS, TP, AP).

Laboratory analyses

Blood samples for analysis of CRP, albumin, creatinine, urea,
cholesterol and triglycerides were taken before scheduled
hemodialysis, as a part of routine protocol. Serum was sep-
arated after centrifugation and stored at —70°C until ana-
lyzed. Other laboratory and clinical data were extracted from
medical records. Data corresponding closest to the date of
anthropometric measurements were used. We allowed for
a time span of 14 days before and after this encounter. All
the routine laboratory parameters were measured routine-
ly in local clinical laboratories.

Genomic DNA was isolated from blood, using a com-
mercially available kit (NucleoSpin Blood, Macherey-
Nagel, Germany). Genotyping was performed af-
ter amplification of the target sequence using specific
primers (F 5-GTGCCAACAGATGAGGTTCA -3’; R
5-CGCAGCGGAAATCTTCATC-3’). The PCR products
were digested with the restriction enzyme Hae III (Roche).
Digestion reaction products were electrophoresed in poly-
acrylamide gel, silver stained and scanned.

The Ethics Committee of Central Clinical Hospital of the
Ministry of Home Affairs approved the study protocol, and
informed consent was obtained from all the patients and
control subjects.
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Table 1. Baseline characteristics of the chronic HD patients.

Age (years) 61.2+14.3
Male gender (%) 56.2
Dialysis vintage (years) 4.6+4.9
BMI (kg/m2) 24.1+4.64
Kt/v 1.34+0.27
Serum albumin (g/1) 4,0+0.60
Cholesterol (mg/ml) 172.4+44.6

Statistical analysis

Results are expressed as means + standard deviations for
normally distributed variables, or as median (interquartile
range). Univariate statistical analysis was performed using
Chi-square test, Fisher’s exact test or Student’s t-test as ap-
propriate. Associations between variables were analyzed
using Pearson’s correlation coefficient or Spearman rank
correlation, as appropriate. Bonferroni adjustments were
made for multiple comparisons. Genotype distributions
between the study groups were compared by 2X2 and 2X3
contingency table and chi-square analysis. Hardy-Weinberg
Equilibrium test was performed using package STB-48:

sg110 in STATA [11]. STATA software, version 9.2 (Stata
Corporation, College Station, TX, USA) was used for sta-
tistical computations.

RESULTS

The demographic and laboratory characteristics of HD pa-
tients are provided in Table 1.

The genotypic distribution and allele frequencies

The frequencies of the C and the T allele in HD subjects were
61.3% and 38.7%, respectively. Sixty-seven (36.0%) were ho-
mozygous for the Callele (CC), 89 were heterozygous (CT,
48.1%), 26 patients (14.1%) had the genotype TT, and in 3
cases (1.6%) it was not possible to determine genotype due
to technical reasons. In the control group, frequencies of
the C and the T allele were 55.9% and 44.2%, respectively.
Twenty-eight patients (29.8%) had CC, 49 (52.1%) had CT,
and 17 (18.1%) had TT genotype. Neither allele (P=0.225)
nor genotype (P=0.460) frequencies differed between HD
patients and controls. Allele and genotype frequencies did
not show a significant departure from the Hardy-Weinberg
Equilibrium in HD patients (P=0.630) or controls (P=0.580).

There were no differences in investigated biochemical (with
the exception of triglycerides), clinical and anthropometri-
cal parameters, between groups defined by the presence of

Table 2. Relationship between (D14 Callele presence and investigated parameters in HD patients. Results are given as Mean £5D or median

(interquartile range).

Genotype CT/CC T P
Kt/v 1.3540.26 1.32+0.27 0.563
MIS (0-30) 7.1+4.2 7.3+4.7 0.804
BMI (kg/m2) 23.9+4.6 25.1+4.9 0.229
Waist circumference (cm) 89.7+13.05 93.1+10.1 0.211
Hip circumference (cm) 91.9+5.4 93.447.9 0.730
WHR 0.937+0.081 0.967-+0.069 0.072
MAC (cm) 26.3+3.7 26.6+3.7 0.709
MAMC (cm) 221432 21.8+2.8 0.569
Biceps skinfold (mm) 9.8+4.8 10.7+8.1 0.399
Triceps skinfold (mm) 13.246.1 15.318.2 0.119
Subocular skinfold (mm) 3.9+2.1 3.9+23 0.857
Subscapular skinfold (mm) 14.7+6.8 15.2+6.5 0.697
CRP (ng/ml) 6.0 (2.5-11.3) 6.0 (2.8-6.6) 0.967
Creatinine pre HD (mg/dI) 9.2+2.2 9.0+2.5 0.612
Serum cholesterol (mg/dI) 17114443 181.6+47.4 0.278
Triglicerides (mg/dl) 160.0+114.4 237.9+137.7 0.007*
Serum protein (g/1) 7.2+0.8 7.2+0.7 0.973
Serum albumin (g/1) 4.0+0.6 3.9+0.7 0.573
TIBC (mg/dI) 252.3+63.4 243.5+40.8 0.504
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non-C allele status (TT) or C allele presence (CT, CC) in
the CD14 promoter gene 159 site (Table 2). Interestingly,
carriers of the C allele had lower triglyceride levels in com-
parison to TT genotype (P=0.007).

Due to technical reasons, IL-6 level determinations were
possible only in 115 patients, and therefore are not given
in Table L. Its concentration was 8.5 pg/ml (5.4-14.3; n=98)
8.2 pg/ml (5.2-11.2; n=17) in C allele (CT/CC) and non-C
allele (TT) allele carriers, respectively (NS).

DiscussIoN

We found no association between CD14 C-159T polymor-
phism and indices of nutrition in patients on maintenance
hemodialysis therapy. Genotype and allele frequencies in
our study were not different from the control group, and
were similar to previously described results from central
Europe [12]. Additionally, allele and genotype frequen-
cies did not show a significant departure from the Hardy—
Weinberg Equilibrium.

In recent papers, groups from the USA and Sweden have
show in 2 separate cohorts that sCD14 levels correlate posi-
tively with levels of several inflammatory markers, and inde-
pendently predict mortality in HD patients [7,8]. There is
a growing body of evidence that inflammatory response in
chronic HD patients is at least in part induced by cytokines.
The simultaneous combination of malnutrition and inflam-
mation has been referred to as ‘malnutrition-inflammation
complex syndrome’ (MICS) [13] or “malnutrition-inflam-
mation-atherosclerosis” syndrome [14]. MICS appears to
play a central role in poor clinical outcome, including the
high rate of mortality and hospitalization and diminished
quality of life seen in dialysis patients. MICS is also believed
to be the underlying condition of the phenomenon known
as “reverse epidemiology” of cardiovascular risks in these
patients, where a low, and not a high, BMI or serum choles-
terol is associated with poor dialysis outcome

Several putative factors were proposed as triggers of this re-
action. From previous studies it appears, however, that endo-
toxin is one of the most active. Lipopolysaccharide (LPS),
after interacting with LPS-binding protein, binds to CD14,
TLR4 and MD4-2, making lipopolysaccharide-recognition
complex [2,3]. This complex activates nuclear factor-kB,
which moves into the nucleus and induces the transcrip-
tional activation of inflammatory and immune-response
genes, including tumor necrosis factor-o0 (TNF-o) [5]. In
addition, caspase-1 is activated, resulting in the activation of
the pro-inflammatory cytokine IL-1B [15]. CD14 is upreg-
ulated by bacterial stimuli, IFN-y and TNF-o, and is down-
regulated by Th2-type cytokines such as IL-4 [16]. Low con-
centrations of LPS induce inflammatory genes, including
IL-10, IL-12 p35, TNF-0(, and IRF-1 through CD14 and TLR4-
dependent pathways in macrophages [17]. Pretreatment of
healthy subjects with a CD14-specific monoclonal antibody
prior to LPS attenuates LPS-induced fever, clinical symp-
toms, and leukocyte activation and degranulation, and in-
hibits release of TNF-alpha, IL-6 and IL-10, and delays the
release of STNFR(I) and IL-Ira [18]. Wang et al. report-
ed that anti-CD14 antibody can alleviate the progression
of acute necrotizing pancreatitis in mice [19]. Sharif et al.
found that, in mice lacking either TLR4 or CD14 receptors,

the severity of acute experimental pancreatitis was amelio-
rated [20]. CD14-deficient mice are resistant to shock in-
duced by either gram-negative bacteria or LPS [21].

A CD14 promoter gene C-159T polymorphism influences
plasma sCD14 level [9]. TT homozygotes appear to have
significantly higher sCD14 serum levels, and higher CD14
density on the surface of monocytes than do carriers of both
the CC and CT genotypes [9,22], although some authors
dispute this [23]. The CD14-260 polymorphism is also as-
sociated with IL-1 beta levels, and higher values were found
in C homozygotes. No association was found between the
CD14-260 genotypes or the TNFa-308 — CD14-260 geno-
types and the leukocyte TNF-o. and IL-1B synthesis capaci-
ty upon endotoxin stimulation [24].

In clinical reports, CD14 promoter gene C-159T polymor-
phism was reported to be associated with decreased kidney
function [25], progression of IgA nephropathy [26], carot-
id artery disease in HD patients [27], coronary heart dis-
ease [28], septic shock susceptibility and mortality [29], and
may affect susceptibility to allergic asthma [12]. Although
Rahman et al. found that soluble CD14 receptor expression
was associated with severity of acute pancreatitis, C-260T
CD14 genotype was not [30].

We have found significant association of CD14 C-159T poly-
morphism with serum triglyceride levels, but this must be
interpreted with caution. Carriers of C allele (low-express-
ing) had lower triglyceride levels. Similar observations have
been made in Asian populations [31,32]. This finding was
not confirmed, however, by a group from Europe in a pop-
ulation closely related to ours ethnically [33]. It should be
mentioned, however, that age of our subjects was more simi-
lar (mean 61.2) to the report by Shin etal. [31] (mean 64.8
years) than to Hubacek’s [33] paper (mean 48.9 years).

There are several limitations of our study that merit consid-
eration. Firstly, and most important, is the small sample size
of the study, which therefore may be regarded rather as hy-
pothesis-generating. Secondly, our patients were relatively
well nourished, and this might have obscured a weak rela-
tionship with genotype CD14 C-159T polymorphism. While
our study focused on the impact of only 1 polymorphism,
a combination of different polymorphisms, as well as en-
vironmental factors, very likely might have influenced the
investigated parameters. Therefore, more studies in larger
populations are required.

CONCLUSIONS

In conclusion, the results of this study indicate that CD14
promoter gene C-159T polymorphism does not seem to
be associated with nutritional status parameters in HD pa-
tients. It may, however, influence triglyceride blood levels.
The possible influence of other genetic polymorphisms on
nutritional status and inflammatory response in chronic kid-
ney disease patients should be investigated.
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