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ABSTRACT

INTRODUCTION  Since renal replacement therapy has started to be a routine procedure in chronic kidney
disease (CKD), patients no longer die of end-stage renal disease (ESRD). Today, patients with CKD live
longer and the most important causes of morbidity and mortality in this group are cardiovascular events.
Lipid abnormalities, such as hypertriglyceridemia (HT), are an important factor of high cardiovascular
risk in this group. It is known that HT is partially caused by inhibition of lipolysis, but it is also postulated
that increased lipogenesis is another cause of HT. Previous studies performed in our center has provided
evidence that lipogenesis is increased in the animal model of ESRD.

0BJECTIVES The aim of this study was to investigate the activities of lipogenic enzymes in the subcu-
taneous white adipose tissue in patients with CKD.

PATIENTS AND METHODS The study was performed on 36 patients (17 women and 19 men). Patients
with ESRD were divided into 2 groups: patients on conservative treatment in the prehemodialysis period
(pre-HD group, n = 18) and patients on maintenance hemodialysis (HD group, n = 18). The control group
consisted of 22 patients without ESRD. The activities of lipogenic enzymes in the subcutaneous white adi-
pose tissue (fatty acid synthase, adenosine triphosphate citrate lyase, malic enzyme, glucose-6-phosphate

dehydrogenase, and 6-phosphogluconate dehydrogenase) were assessed by spectrophotometry.

RESULTS

There were no statistically significant differences in the activities of lipogenic enzymes in a fat

tissue sample between patients with ESRD and the control group.
concLusions The results did not confirm increased lipogenesis in patients with ESRD.

INTRODUCTION Various metabolic abnormal-
ities of lipids, carbohydrates, and proteins are
observed in patients with chronic kidney dis-
ease (CKD)."” Most of these abnormalities are
typical for stage 5 CKD but some are observed
in the earlier stages. They participate in the de-
velopment of atherosclerosis and are responsi-
ble for high mortality in patients with CKD.5"?
The pathogenesis of metabolic disorders is not
completely understood and is probably second-
ary to the retention of uremic toxins, abnormal
electrolyte homeostasis, acidosis, or some hor-
monal disturbances.

Compared with the general population,
mortality rates among patients with CKD are

significantly higher mainly due to cardiovascu-
lar disease (CVD)."""? Morbidity and mortality
rates associated with CVD are higher in this group
compared with age- and sex-matched groups and
the progression of disease is faster. About 40% of
patients with stage 5 CKD experienced CVD and,
consequently, age-adjusted cardiovascular mortal-
ity in these patients is 10- to 30-fold higher than
in the general population.?'? CVD accounts also
for increased hospitalization rates and high cost
of healthcare in this group.

Atherosclerosis is observed in the majority of
patients with CKD on conservative and on renal
replacement therapy (RRT).® Advanced athero-
sclerosis is not only the main cause of mortality

Activities of lipogenic enzymes in subcutaneous adipose tissue... 45



46

but also a contraindication for renal transplan-
tation. Numerous factors contribute to athero-
sclerosis in stage 5 CKD. Some of these factors
are the same as observed in the general popula-
tion (e.g., arterial hypertension, glucose intoler-
ance) while others are specific for CKD (e.g., met-
abolic acidosis, hyperphosphatemia, or hyper-
parathyroidism). Hypertriglyceridemia (HT) is
the most common type of dyslipidemia in CKD
and is observed in up to 60%-70% of patients
with stage 5 CKD in the predialysis period, pa-
tients on maintenance hemodialysis (HD), and
patients after renal transplantation.?'%'3 HT is
not corrected during RRT®'0; therefore, it seems
to be one of the key risk factors for atherosclero-
sis and probably accounts for high cardiovascu-
lar morbidity. HT is also known to be a risk fac-
tor for renal failure.5™

HT results from a defective removal of trig-
lycerides (TG) caused by low plasma lipolytic ac-
tivity, which has been proved in previous studies
on animals and humans.'*'¢ The issue of wheth-
er HT could also be caused by increased de-novo
synthesis of TG (lipogenesis) is still controver-
sial." Studies on lipogenesis yielded contradicto-
ry results.'®'® We observed an increase in the ac-
tivity of lipogenic enzymes in our previous ex-
perimental studies,®'®20 but the results have not
been confirmed in humans.

Lipogenesis in patients with stage 5 CKD can
be affected by uremic toxins, inadequate food sup-
ply, hormonal disorders, or a number of drugs.
Lipogenesis is active mainly in the liver and ad-
ipose tissues. In the present study, human adi-
pose tissue was used due to the limited availabil-
ity of liver specimens.

PATIENTS AND METHODS Patients The study
was performed on 36 patients with stage 5 CKD
treated in the Department of Nephrology, Trans-
plantology and Internal Diseases, Medical Uni-
versity of Gdansk, Poland. Patients with CKD
were classified into 2 groups: patients on conser-
vative treatment in the pre-HD period (pre-HD
group, n = 18) and patients on maintenance HD
(HD group, n = 18). There were 17 men (10 in
the pre-HD and 7 in the HD group) and 19 wom-
en (8 in the pre-HD and 11 in the HD group). Pa-
tients from the pre-HD group were prepared for
RRT and started HD from 1 week to 3 months
after the adipose tissue had been collected and
biochemical tests had been done. Patients from
the HD group were on HD at least 2 months (up
to 8 years). There were no patients on peritone-
al dialysis. Chronic primary glomerulonephritis
was the most common cause of CKD and was ob-
served in 12 patients (7 in the pre-HD and 5 in
the HD group); 8 patients had interstitial nephri-
tis (3 in the pre-HD and 5 in the HD group); 4 pa-
tients had polycystic kidney disease diagnosed
as primary nephropathy (all in the HD group). In
the remaining patients, the cause of CKD could
not be established.

The control group consisted of 22 previously
healthy patients who underwent trauma surgery
at the Department of Surgery, Medical Universi-
ty of Gdansk. None of the patients had proteinu-
ria or kidney failure.

None of the patients either in the control or
CKD groups had diabetes mellitus, glucose intol-
erance, or a history of familial hypercholester-
olemia. None of the patients received statins or
steroid treatment.

Lipogenic enzyme activity was measured in
the subcutaneous white adipose tissue collected
during vascular access operation (in patients with
CKD) or during the upper limb surgery (in the con-
trol group). The vascular access in patients with
CKD was performed on the forearm or arm with
native vessels. In the control group, tissue sam-
ples were also obtained from the forearm or arm.
The samples were taken from all patients staying
at the surgery unit who met the inclusion criteria
and signed consent during the study period.

Enzyme activity assay One gram of the white
adipose tissue was placed in 8 ml ice-cold
20 mmol/l Tris-Cl buffer (pH 7.8) containing
0.2% TritonX-100. The tissue was minced fine-
ly with scissors, homogenized manually with
a Teflon-pestle homogenizer, and centrifuged
at 30,000 g or 20 minutes. The resulting superna-
tant was decanted, and the pellet was resuspend-
ed in 5 mlisolation medium, rehomogenized, and
centrifuged as above. The resulting supernatant
was combined with the one obtained after the first
centrifugation and used for the enzyme assay.
The fatty acid synthase, adenosine triphosphate
citrate lyase, malic enzyme and hexose mono-
phosphate dehydrogenases (glucose-6-phosphate
dehydrogenase and 6-phosphogluconate dehydro-
genase) were assayed as described previously.?'

Blood samples for biochemical tests (creati-
nine, cholesterol, TG, total protein, and albu-
min levels) were collected from fasting patients
in the morning before the surgery. The parame-
ters were measured using routine methods in our
diagnostic laboratory.??

In dialysis patients, Kt/V was used to quanti-
fy HD treatment adequacy. Kt/V was calculated
in these patients every month as a routine pro-
cedure. In this study, we analyzed the last Kt/V
calculated before the surgery.

The statistical analysis was performed using
STATISTICA 8.0. Data are expressed as mean
values + standard deviation). The Shapiro-Wilk
test was used to determine normal distribu-
tion. Intergroup differences were assessed
by the Mann-Whitney, Wald-Wolfowitz, and
Kolmogorov-Smirnov tests. A P value less than
0.05 was considered statistically significant.

RESULTS = There was no significant difference
in the mean age between the CKD and control
groups. Hypertension was diagnosed in 77%
of the patients in the HD group, 88% of those
in the pre-HD group, and 63% of the controls.
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TABLE 1  General characteristics of the patients
Characteristic Control Pre-HD HD
sex (men/women) 8/14 10/8 71
age, y 53.7 £245 51.33 £13.0 48.72 =14.6
glomerulonephritis - 1 5
interstitial nephritis - 3 5
cause of ESRD
ADPKD - - 4
other - 8 4
weight, kg 72.9 =11.73 69.27 =11.53 59.41 =12.08
creatinine, mmol/l 89.28 +16.8 716.92 +185.64 543.66 +200.67
total protein, g/l 72.3 £2.76 64.75 =6.51 70.15 =5.18
albumin, g/l 47.8 £3.68 40.08 +£6.07 39.57 +2.82
total cholesterol, mmol/l 5.09 £0.37 5.47 =0.89 5.23 +0.56
triglycerides, mmol/l 1.16 £0.38 1.79 £0.73 2.02 =0.73

Abbreviations: ADPKD — autosomal dominant polycystic kidney disease, ESRD — end-stage renal disease, HD —

hemodialysis

TABLE 2 Activity of lipogenic enzymes in the adipose tissue

Enzyme, nmol/min/ Control (1) Pre-HD (2) HD (3)
mg protein
FAS 0.55 +0.49 0.29 +0.36 0.52 +0.55 NS NS NS
ACL 0.29 +0.28 0.21 +0.31 0.52 +0.56 NS NS NS
ME 9.76 +4.08 9.61 £4.74 13.69 =8.09 NS NS NS, 0.05< P
<0.1
G6PDH 5.46+3.52 4,73 +4.53 5.87 +4.84 NS NS NS
6PGDH 19.33 £6.1 20.06 +=7.17 24.22 +7.62 NS NS P <0.05

Abbreviations: 6PGDH — 6-phosphogluconate dehydrogenase, ACL — adenosine triphosphate citrate lyase, FAS — fatty
acid synthase, G6PDH — glucose-6-phosphate dehydrogenase, ME — malic enzyme, NS — nonsignificant

Patients on HD had significantly lower weight
than patients on conservative treatment (P =
0.028) and controls (P = 0.009). The overall char-
acteristics and biochemical data of all 3 groups
are presented in TABLE 1.

Creatinine and Kt/V  Patients with stage 5 CKD had
higher creatinine levels compared with the con-
trol group. Patients in the HD groups had good
dialysis adequacy. The mean Kt/V was 1.348 +0.28
with the mean protein catabolic rate of 1.238
+0.419 g/kg/d.

Total protein and albumin  Total protein levels were

lower in the pre-HD group compared with the con-
trol and HD groups (P = 0.0006 and P = 0.03, re-
spectively). Albumin levels were higher in the con-
trol group compared with the pre-HD group and

HD group (P = 0.0005 and P = 0.000 001, respec-
tively). Hypoalbuminemia was detected in 61.5%
and hypoproteinemia in 25% of the patients in

the pre-HD group.

Lipids There were no significant differences in
cholesterol concentrations between the control
and CKD groups. In pre-HD and HD groups, TG
concentrations were higher than in the control
group (P = 0.01 and P = 0.0005, respectively).
There were no differences in TG levels between

the pre-HD and HD groups although HT was more
common in the HD group.

Enzymes The results of enzyme activity mea-
surement is presented in TABLE 2. Two findings
are crucial. First, the activity of the studied en-
zymes was low. Low activity is typically observed
in healthy population but in our study it was ob-
served also in patients with CKD. Second, there
were no significant differences between patients
with CKD and the control group, in fact there was
no increase in the activity of lipogenic enzymes.
There was also another interesting finding, name-
ly, the activity of all enzymes was higher in the HD
group compared with the pre-HD group. The dif-
ference was statistically significant for 6-phospho-
gluconate dehydrogenase (P <0.05).

There was no correlation between weight, body
mass index, or serum lipids and enzyme activi-
ty. In the HD group, there was no correlation be-
tween Kt/V and enzyme activity. There was no
correlation between creatinine and enzyme activ-
ity either in the control or pre-HD groups.

DISCUSSION The aim of this study was to in-
vestigate the differences in the activity of lipo-
genic enzymes between patients with CKD and
healthy individuals. Half of the patients with CKD
had already been on HD and half were scheduled
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for dialysis. Of all study patients with CKD, 48%
of had TG levels above 2.0 mmol/l and 56% had
hypercholesterolemia (total cholesterol level
>5.2 mmol/l). According to the available data,
overt dyslipidemia is frequently detected in late
stage of CKD.” The most common abnormality is
HT, which was first described by Bagdade et al.?
in 1968. HT is observed in up to 60%-70% of
patients with glomerular filtration rate below
15 ml/min."’ Hypercholesterolemia is less com-
mon and is detected in 20%-30% of patients
with CKD.?3% Patients with HT have increased
TG levels in very-low-density lipoprotein, inter-
mediate-density lipoprotein, and low-density li-
poprotein fractions of lipoproteins. TG levels are
decreased in the high-density lipoprotein fraction,
but the proportion of TG to other lipids (e.g., cho-
lesterol) is relatively increased. Some other lipid
disturbances can be observed before overt dyslipi-
demia is detected, namely, reduced apolipoprotein
A-T and A-1I, increased lipoprotein(a), apolipopro-
tein CIII, and significantly lower apoA-I/apoC-III
ratio. These abnormalities form a strong athero-
genic pattern,® which can explain why patients
without overt dyslipidemia present atheroscle-
rotic lesions at a relatively early stage of renal
failure.

There is no doubt that dyslipidemia occurs in
uremic patients. A reduced removal of TG due to
decreased activities of lipoprotein and hepatic li-
pases has been proved in several studies.' There
is still controversy regarding the role of lipogen-
esis in the development of HT in CKD. The avail-
able studies have yielded contradictory results.
In 1978, Bagdade et al.” showed that the activ-
ity of acetyl-CoA carboxylase was decreased'®;
on the other hand, a study performed in 1982
showed that the activity of lipogenic enzymes was
nonsignificantly increased.® Our previous stud-
ies on animals suggested that lipogenesis could
be increased in stage 5 CKD.?

In the present study, we measured the activity
of lipogenic enzymes in patients with stage 5 CKD
and in the control group. In the pre-HD group,
61.5% of the patients had hypoalbuminemia and
25% had hypoproteinemia suggesting malnutri-
tion. The higher levels of total protein and albu-
min in patients on HD indicated that they were
better nourished than patients on conservative
treatment.

There were no differences between patients
with CKD and controls and our results did not
confirm increased lipogenesis in stage 5 CKD. This
finding suggests that a decreased elimination of
TG is most probably the only cause of HT in stage
5 CKD. Nevertheless, our study have several lim-
itations that have to be acknowledged.

First, the only human tissue that can be easi-
ly collected except blood is the adipose tissue. Al-
though lipogenesis is present in the adipose tis-
sue, its activity is relatively lower than that in
the liver. It is also known that the activity of li-
pogenic enzymes is lower in humans compared
with rats.?® The adipose tissue is a relatively large

organ and probably can play an important role
in lipogenesis but it is not an ideal tissue for ex-
perimental studies.”®

Second, we collected only the subcutaneous
tissue from the upper limb during vascular ac-
cess surgery. It has not been confirmed that this
tissue has the same importance and activities as
the visceral adipose tissue. Yet studies on the sub-
cutaneous adipose tissue have some advantages,
e.g., lipogenesis in this tissue has the same activ-
ity irrespective of sex, while in the visceral adi-
pose tissue it is more active in men.”” We exclud-
ed patients on peritoneal dialysis, and it is possi-
ble that there are some changes in the activity of
lipogenic enzymes in this group of patients.

Third, our patients had advanced disease and
metabolic abnormalities could depend not only on
uremic toxins but also on some secondary chang-
es, such as inadequate food intake due to lack of
appetite, metabolic acidosis, drugs, etc. The rate
of lipogenesis is regulated by glucose supply and
could be affected by diet, which in many cases is
insufficient. In our study, patients with stage 5
CKD had low levels of total protein and albumin,
which is typical for malnutrition. Of note, these
abnormalities were more advanced in pre-HD pa-
tients. Despite this fact, lipogenesis was not de-
creased. We can only speculate that there are 2
opposite factors affecting the rate of lipogenesis -
low glucose supply and uremic toxins.

This hypothesis can be partially supported
by comparing the activity of enzymes between
pre-HD and HD patients. As mentioned be-
fore, the activity of several enzymes was lower
in the pre-HD group. The activity of 2 enzymes
(i.e., malic enzyme and 6-phosphogluconate de-
hydrogenase) showed even a significant differ-
ence between the 2 groups. This suggests that
there is a dialyzable toxin compound accumulat-
ing in stage 5 CKD patients, which may inhibit
the activity of lipogenic enzymes.?82® Consider-
ing the above issues, it is worth to perform fur-
ther studies, preferably with the use of the vis-
ceral adipose tissue, to elucidate the role of li-
pogenesis in the development of HT in patients
with stage 5 CKD.

In summary, in the present study, the activity
of lipogenic enzymes in the adipose tissue of pa-
tients with stage 5 CKD was not increased. These
results are in contrast with the previous studies
on rats.?030 This discrepancy could be explained,
for example, by the difference in metabolism and
food intake between rats and humans. Neverthe-
less, the rate of lipogenesis in humans is so low
that this process probably has no effect on HT in
CKD, especially nowadays, when patients with
stage 5 CKD rarely experience severe metabolic
complications of uremia.

We hope that further studies will help devel-
op new therapies to lower the mortality rates in
patients with CKD.%"%
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STRESZCZENIE

WPROWADZENIE 0d czasu, gdy leczenie nerkozastepcze stato sig rutynowa terapig w leczeniu przewlektej
choroby nerek (PChN), pacjenci nie umieraja z powodu schytkowej niewydolno$ci nerek (SNN). Chorzy
z SNN 2zyja obecnie coraz diuzej i gtéwnym czynnikiem wptywajagcym na chorobowo$¢ i $miertelno$cé
w tej grupie sg powiktania sercowo-naczyniowe. Jednym z istotnych czynnikéw zwigkszajacych ryzyko
sercowo-naczyniowe w tej grupie sg zaburzenia lipidowe, takie jak hipertriglicerydemia (HT). Wiadomo,
ze za powstanie hiperlipidemii odpowiada cze$ciowo zahamowanie lipolizy, ale postuluje sig takze udziat
zwiekszonej lipogenezy w rozwoju HT. Badania wykonane wcze$niej w naszym o$rodku potwierdzity
zwiekszenie lipogenezy na zwierzecym modelu z SNN.

ceLe  Celem przedstawionego badania byta ocena aktywnos$ci enzyméw zwigzanych z lipogeneza
w podskérnej biatej tkance ttuszczowej u pacjentéw z PChN.

PACJENCI | METODY Badanie przeprowadzono na 36 chorych (17 kobietach i 19 mezczyznach). Chorzy
z SNN byli podzieleni na dwie grupy — chorych leczonych zachowawczo w okresie przed rozpoczeciem
hemodializ (grupa pre-HD, n = 18) oraz przewlekle hemodializowanych (grupa HD, n = 18). Grupe
kontrolng stanowity 22 osoby bez niewydolnos$ci nerek. Aktywnosci enzymdow zwigzanych z lipogenezg
w podskérnej tkance ttuszczowej (syntazy kwaséw ttuszczowych, liazy ATP-cytrynianowej, enzymu
jabtczanowego, dehydrogenazy glukozo-6-fosforanowej oraz dehydrogenazy 6-fosfoglukonianowe;j)
oznaczono technikg spektrofotometrii.

WYNIKI  Nie stwierdzono istotnych statystycznie réznic w aktywno$ciach enzyméw lipogenezy w po-
branej tkance ttuszczowej pomigdzy osobami z SNN a grupa kontrolna.

wnioski  Wyniki badania nie potwierdzity zwiekszonej aktywno$ci lipogenezy u pacjentéw z SNN.
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