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Absiract

Totat adiponectin concentrations have been shown to increase in serom of preeciamptic women. However, variance of con-
centrations of different isoforms has not been studied, despite the emerging noticn that high, medium and low malecular weight
adiponectin exert different functions. We have determined seram concentrations of each adiponectin isoform using a newly developed
enzyme immunosorbent assay. Hiph molecular weight (HIMW) adiponectin concentratinns were significantly higher in women with
precclumpsia (= 14; median, 11.2 pg/ml; interquartile rnge, §.2-13.8) compared to normal pregnant women {n= 14 6.8 pgfml,
5.4-10.7; P=0.04}, In conirast, medium molecular weight and fow molecular weighl adiponectin concentruitions were substantially
equatl hetween the groups. The ratio of HMW adiponectin to total adiponectin was also markedly higher in preeclamptic women
(52.3%, 49.5-58.7) than control women {43.0%; 35.548.0; P=0.004). Taken togcther with other reports our findings imply a
physiological feedback response to minimize endothelial damage in preeclamptic women.
© 2006 Elsevier leetand Lid, All rights reserved.

Keywords: Adiponectin; Preeciampsis, Molecuiar welght; serum

1. Introduction have been suggested; however, the etiology remains
elasive.

Preeclampsia is one of the common causes of mater- Adiponectin is a pleiotropic cytokine with anti-
nal death and a major contributor to both maternal and diabetic, aali-inflammatory and anti~atherogenetic prop-
fotal morbidity. Hs clinical manifestations. i.c. hyperen- erfics (Brakenhielm of al., 2004; Goldstein and Scalia.
sion, proteinuria and edema, are caused by widespread 2004 Kadowaki and Yamauchi, 2003; Takemura ¢t al.,
endothetial damage and dysfuaction throughout mater- 2005a,b; Yoketa ef al., 2000). Experimental data have
nal circulation {Redinan and Sargent. 2005; Robers ot demonstrated that adiponectin acts as an endogenous
al., 1989). Several candidate molecules that tnduce the modulstor, exerting & number of vasculas-protecling

endothelial dysfunction, sVFGFR-1/sFit-1 being the activities {Arita et al., 2002; Mateoda et al., 2002,

most probable (Koga ¢t al., 2003; Levine et al,, 2004), Okamoio et al.. 2002; Ouchi ef al., 2000, 2001). in

addition, the adiponectin concentration was reporied

— o to be significantly lower in hyperiensive men than

mi%ﬁf%%ﬁg%ﬁfhm’m’: +813 3815 54T i_n nonmotensive men regardless of insulin resistance
E-puail aifdress: yatakaos-tky Suminae jp (Y Osagal. {Twashizoa et al.,, 2004).

(1165-378/3 — see front matter © 2006 Elsevier Ireland Ltd, Al rights reserved.
doi: HL 1076451, 2006.05.004
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Therefore, circuluting adipopectin concentrations
were hypothesized to decrease in women with pree-
clampsia. Insulin-resistance associated with precclamp-
sia (Kagja et alk, 1999; Solomon and Seely, 2001) also
sustains the assumption, becanse serum adiponectincon-
centrations are inversely related with insulin resistance
(Matsubara et al.. 2002). Contrary to expectation. how-
ever, recent studies have shown that adiponectin concen-
trations were increased by 47% (Ramsay et al., 2003),
87% {Narnse et al,, 2005) and 30% (Kajantic et ak., 2008)
in preeciamptic compared Lo normotensive women with
similar body mass index. The reason of this paradoxical
finding has been suggested to be due to compensatory
mechanisms in women with preeclampsia.

Recent studies demonstrated that adiponectin circt-
tates as a trimer (Jow molecular weight, LMW}, hexamer
{medinm molecatar weight, MMW) or high molecular
weight (HMW) form (Waki et al., 2003}. Each isoform
has been shown (o play different biological roles {Bub et
ak., 2000; Kobayashi et al., 2004 Matsnda et al., 2002
Wang et al., 2005). Remarkably, only the HMW form
protects endothelial cells from apoptosis {Kobayashi et
ak., 2004). In addition, the proportion of different iso-
forms is altered in various pathological and physiological
conditions {Bobbert et al., 2005; Kobayashi et al., 2004;
Lara-Castro et al., 2006; Pajvani ot al., 2003), Therefore,
isoform abundance should be evaluated when examining
the role of adiponectin in different disease states.

To date, all isoforms were recognized by commercial
adiponectin assay Kits, incloding those used in studies
showing the paradoxical increase of adiponectin con-
centration in women with preeclampsia (Kajantic ot
al, 2003; Maruse et al., 2005; Ramsay et al, 2003).
Generally, these assays were ased to measure the tota
adiponectin concentrations. 1n contrast, & newly devel-
oped adiponectin assay systern can measure separately
the concentration of each isoform. To address further
the relevance of adiponectin in preeclampsia, we have
measured serum concentrations of different adiponectin
isoforms in women with preeclampsia using the new
assay system,

2. Materials and methods
2.1, Subjects

A tolal of 28 pregnant wornen with ages of 28-38
years, with {#=14) and without {n=14) preeclamp-
sin, were included in this study. Their gestaiional ages
ranged from 26 1o 40 weeks. Preeclampsia was defined as
blood pressure >140/90 mmHg with proteinuria of either
>100 mg/dl by urine anatysis or >300 mg in a 24-h urine
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collection. MNone of the patients with preeclampsia had
any prior history of hypertension or renal disease. Con-
trol subjects with body nmass index (BMI) similar to the
group with preeclampsia were gollected from women
who had no hypertension, proteinuria nor edema. None
of the subjects had gestational diabetes or a hislory of
metaholic disesse. Bach group inchided twowomen with
gestational ages earlier than 32 weeks at the tine of sam-
pling. All women carried a single fetus.

The experimental procedurss were approved by the
Institutional Review Bourd, and signed informed consent
was obtained from each woman,

2.2

Ledlin

Measurements

Blood samples were collecled from women with
preeciampsia sovn after the manifestation of the disease
and before commencing any medication. Blood samples
were obtained afier an overnight fast. Serum was sep-
arated by centrifogation and stored at —80°C before
use. Concentraions of tolal, HMW, MMW aod LMW
adiponectin In sertun were measured using a commer
cially avatiable onzyme-linked immunosorbent assay kit
{Praiichi Pure Chemicals, Tokyo, Japan), according {othe
manufacturer’s protocol. The minimum detectable level
was 75 pg/ml. The intra- and inter assay coefficient of
vartotions were both less than 10%.

2.3, Statistical analyses

Muaternal ages, gestational ages al the Hme of sam-
pling, parity, BMI befare pregnancy and BMIE at test
between preeclamptic and confrol women were com-
pared using Student’s v-lest. Serum adiponectin Jevels
were compared using Mann-Whitney Ustest. P<0.05
was considered {o be statistically significant.

3. Resuiis

As shown in Table 1, maternal age, gestational age,
parily, BMI before pregnancy and BMI at test were sub-
stantially equal befween the control and preeciamptic
wonmen.

As depicted in Fig. 1, serum concentrations of
total adiponectin appeared to be higher In preeclamip-
tic than control women, although this difference was
not statistically significant (#=0.13). Notably, concen-
trations of HMW adiponectin were significantly higher
in preeclamaptic women than in the coairol women
(P=0.04}. Concentrations of both MMW and LMW
adiponectin were comparable between preeclamptic and
control wornen (P =0.26 and (165, respectively).
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Fable
Characteristics of study subjects
Control (n=14) Precclampsia (n= 14) Statisfica] sipnificance
Maternud age (years) 327 £ 30 EREE el NS
Gestational age {weeks} 350440 W2 x37 NS
Parity {numaber) ] 0.21 % (043 0.21 £ 843 NS
BMI before pregnancy (kg/ml) 209 4 1.6 206+ 38 NS
BMI attest (kp/m™} 241 4230 243+ 43 NS
Systolic blond pressure (mmFig) 92.4 4+ 3.8 188.5 + 26.1 P 00001
Dinstolic blond pressure {mmHg) 524 £ D4 93,5 + 140 P < 0.0001

Valuex arz mean £ 5.0, NS: nol significant, P>0.05.
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Fig. 1. Serum conventrations of wiud, HMW, MMW and LMW adiponectin in vontrol (n=14) and preeciamptic (n=14) women. Boxes represent
the dislance between the first {25%]) and {hird (75%) quantiles, znd borizontal fines In the boxes represent moedians. The whiskers ropresent the 10th
percentile at the fower limit and the $0th percentile al the upper Hmil
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Fig. 2. The concentrations mtos of HMW, MMW and LMW adiponectin 1o total adiponectin in control (7= 14} and preeciamplic (2= 14) women.
Boxes represent the distance betveen the firs {25%;) and third (75%} quartiles, and horizontal lines in the boxes represent medians. The whiskers
represent the 10th percentile at the lower limit and the 90th percentile at the upper Hmit.
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Big. 2 illusteates the concentration ratio of each iso-
form tototal adiponectin. The ratio of HMW adiponectin
is markedly higher in preeclampiic than control women
{P = (1.004). The ratio of MMW adiponectin is compara-
ble between the groups (P=0.75}, and the ratio of LMW
adiponectin is lower in preeclamptic than in the control
women {F=0.02).

4, Biscussion

A significant increase of HMW adiponectin con-
cenfration was observed in the serum of women with
preeclampsia in the present study. Similady, the ratio
of HMW 1o lotal adiponectin was increased. Given that
the only HMW form has vascular-protective foafures
(Kobayashi et al,, 2004), our findings, like previons find-
ings thal used a tolal adiponectin sssay, seem paradoxical
to the assumption that adiponectin causes preeclampsia.

The increase of serum adiponectin concenirations in
women with preeclampsia is speculated 1o be u defen-
sive reaction of the body. Vascular-profective «ffects
of adiponectin may alleviate endothetial damage and
dysfunction induced by preeclampsin. Women with
preeclampsia are characterized by insulin-resistance
{Kaaja et al,, 1999; Solomon and Seely, 2001 Wolf et
al., 20032} and chronic systemic inflammatory responses
{Redman et al.. 1999). As adiponectin hag also anti-
diabetic and anti-inflammatory features, the increase
in scrum adiponectin concentrations in preeclamptic
women seems feasible to compensate for these detri-
mental conditions associated with preeclampsia.

"The mechanism of the increase in serum adiponectin
in preeclamptic women is unknown. The main source of
circulating adiponectin has been claimed to be fat tissae
however, arecent study has shown that mean adiponectin
mRMNA levels are similar in abdominal subcutaneous adi-
pose Hssue in preeclamptic and control women {Haugen
etal, 2006). Whether the placenta produces adiponectin
or not is controversial at this time (Caminos et al., 2005,
Corbetta et al, 2005). It is uniikely that the increase of
BMW adiponectin in preeclamptic women was due to
renal failure since serum creatinine levels were withia
the normal range (0.67 £ 0.16 g/dl, mean = 5.D.).

In contrast to elevated adiponectin concentrations
in women with preeclampsia, first trimester hypoad-
iponectinentia is reported to increase subseguent risk of
hypertensive diserders during pregnancy (D Anoa et al.,
2005}, Although the finding appears contradictory, it is
understandable that women with hypoadiponectinemia
in early pregnancy are more vulnerable W vascular and
metabolic stress of ongoing pregnancy and are predis-
posed to develop preeclampsia, Neveriheless, as shown

in another study, adiponectin levels wers comparable
after delivery in preeclamptic compared o normoten-
sive pregnancy (Kajantic et al., 2005). This suggests that
elevated adiponectin §s related 1o the pathophysiology of
preeclampsia rather than an inherent property in women
with a history of preeclampsia.

Mulliple lines of evidence indicate thal levels of
different molecdar weight forms of adiponectin in
circulation are distinctively reguolaled. Body weight
inversely correlated with HMW and positively with
LMW {Bobbert ot al., 2003), while weight reduction
increases HMW but not LMW (Bobbert et al., 2005;
Kobayashi et al., 2004). HMW concentralions are cor-
related also with insalin sensitivity (Lara-Castro et al.,
2006}, and are significantly reduced in response to a
systemic increase of insulin (Pajvani ef al., 2003). Inter-
estingly, female mice display significantly higher con-
centrations of HMW in serum than males (Pajvani et
al, 2003), and testosterone selectively reduces HMW
by inhibiting #s secrefion from adipooyles (Xu et al.
20053 Howgver, in view of increased androgen levels
in preeclampsia {Troisi et al.. 2003}, androgen does not
seem to be 2 main regulator {o increase serum HMW
adiponectin concentrations in precclampsia,

To date, most studies that have examined various
activities of adiponectin with regard to different molec-
ukar weigh! forms suggest that maisly the BMW form
has significant biological roles. The anti-apoptotic effect
toward human umbilical vein endothelial cells was
observed only with the HMW form (Kobayashi ef al..
20043, The HMW form. but not the LMW form, is
inhibitory for prostate cancer cell growth (Bub et al.,
2006}, The HMW and MMW forms, but oot the LMW,
bind 1o T-cadherin expressed in endothelial and smooth
muscle cells (Hug et al., 2004). Together with these find-
ings, our observation implics thal the HMW form plays
some specific role in women with preeclampsia

Consistent with the notion that the main activities of
adiponectin are attfbuatable to the HMW forn, several
studies advocale the importance of the HMW form as
a percentage of tofal adiponectin {percentage of HMW
adiponectin [Sa] index) in relation to pathophysiology of
diseases. The §a index was a better determinant of gl
cose intolerance than measurements of tofal adiponectin
(Fisher et al., 2005; Pajvani et al., 2004). The Sa index
was gignificantly lower in patien(s with coronary artery
disease than control subjects (Kobayashi et al., 2004}
Similarly, the Sa index was remarkably higher in women
with preeclampsia than the control in our study, support-
ing the significance of the index.

The present study has limitations due to the small
sample size. No significant correlation of serum HMW
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adiponectin concentrations was detected with cither BMI
or blood pressure in the present study, perhaps due to
the sample size. In addition, changes of serum HMW
adiponectin concentration over lme remain 1o be eluci-
dated, considering that serum total adiponectin concen-
tralions decrease after delivery (Kajantie et al., 2003).
Therefore, 2 farther study with a larger sample size i3
required 1o investigate more precisely the implication of
adiponectin in preeclampsia,

In summary, this study has demonstrated that serum
concentrations of the HMW form of adiponectio are
significantly increased in women with preeclampsia,
whereas the MMW and LMW forms are comparable.
Given the vascular-profective activities of the HMW
form, the increase observed in preeciamptic women
might be a physiolegical feedback response to minimize
endothelial damage,
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