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Paraoxonase (PON) is a high-density lipoprotein (HDL)-associated esterase, which may prevent the transformation of
low-density lipoproteins (LDL) into biologically active, atherogenic particles. PON concentration and activity are affected by
PON1 gene polymorphisms and found to be altered in type 2 diabetes patients with retinopathy. We investigated serum PON
concentration, in vitro activity and polymorphism at position 54 (L/M, Leu-Met54) in 193 Caucasian adolescents and young
adults (88 males, 105 females) with type 1 diabetes mellitus, as well as its relationship to the presence of retinopathy. An
inverse linear correlation was found between blood glucose levels and both serum PON concentration (r = —.20, P = .017) and
its activity (r = —0.17, P = .037). Patients with elevated blood glucose values (=10 mmol/L) had significantly lower levels of
both PON concentration (P = .003) and activity (P = .028) than those with lower glucose levels. After adjusting for blood
glucose and diabetes duration, PON activity was significantly higher in patients with different stages of retinopathy compared
with those without retinopathy (P = .003). The L/L genotype was closely associated with the presence of retinopathy (P <
.0001). These data show that young people with type 1 diabetes and the L/L polymorphism at position 54 of PON1 gene are
more susceptible to retinal complications. However, the role of serum PON concentration and activity as a possible marker
for monitoring late microvascular complications in these patients has to be established.
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UMAN SERUM PARAOXONASE (PON) is a calcium- least 1 eye (stage 21/10), while the next stage was characterized as at
dependent high-density lipoprotein (HDL)-associated least grade 21 in 1 eye and at least 31 in the other eye. The latter was
ester hydrolase, which has been implicated in enzymatic reused for defining “clinical retinopathy” in the Diabetes Control and
moval of lipid peroxides by limiting the accumulation of lipid Complications Triak® Retinal photography was not gradable in 3
oxidation products in low-density lipoproteins (LDLAnd pre- (1.6%) patients. In addition to the retinal exam_lnatlon, blood _was taken
- . h . . - for measurement of glycosylated hemoglobin.AHbA,. Diamat
venting the transformation of LDL into biologically active, . .
. . . . Biorad, Munich, Germany), blood glucose, and cholesterol (both of
atheroggnlc partlclg%Because o?<|dat|0n of .LDL with conse- them at postprandial conditions).
guent injury to retinal endothelia and pericytenay be an
important mechanism contributing to diabetic retinopathy, the
PON gene and its product has attracted the interest of investEf ON1 Met-Leu 54
gators concerned with the development of diabetes microvas- This polymorphism was analyzed by polymerase chain reaction-
cular complicationg. Polymorphisms of PON1 gene and its restriction fragment length polymorphism (PCR-RFLP) using a slightly
promoter region have been shown to have the most markefhodified procedure primarily described by Humbert et*aBriefly,

impact on serum concentration and in vitro activity of this 100 ng of DNA were denatured at 94°C for 12 minutes and then
enzymess amplified for 35 cycles using the PCR primers as described by Hum-

. . ) 1 i i o
In a previous study, we showed that there is a clear assoc't_)ertl. each cycle comprised denaturation at 94°C for 30 seconds,

. .. _annealing at 55°C for 30 seconds, and extension at 72°C for 30
ation between the genotype Leu-Leu (L/L) of PON1 at pOSItlonseconds, with a final extension time of 5 minutes. The 170-bp PCR

54, but not of GIn-Arg at position 192 and the development Ofproduct was digested witHsp 92 Il (Promega, Madison, WI) at 37°C
early retinopathy in young patients with type 1 diabetes melli-for 2 hours. Digested products were separated by polyacrylamide gel
tus’ In the present study, we investigated serum concentrationi0%) electrophoresis and stained by ethidium bromide. The PON1
of PON and its activity in a second cohort of young patientsLeu54 (L) allele corresponded to the presence of a nondigested frag-
with type 1 diabetes, because reduced PON activity has beement of 170 bp, while the PON1 Met54 (M) allele corresponded to 2
reported in patients with type 2 diabetes and retinopagny.  digestion fragments of 126 bp and 44 bp.

PATIENTS AND METHODS

Patients From the Ray Williams Institute of Paediatric Endocrinology, Dia-
betes, and Metabolism, and Department of Molecular Genetics, The

The study cohort consisted of 193 Caucasian adolescents and you_r]goyal Alexandra Hospital for Children, Westmead, NSW, Australia:

adults (88 males, 105 females‘; median age, 15.9 years [inte_rquartll%"nic for General Paediatrics, Otto Heubner Centre, Charitéum-
range, (IQR), 138 to 20.3)) with type 1 diabetes mellitus (dlabetesboldt University, Berlin Gern%any' and the Clinical ’Diabetes Unit

duration, 8.8 years [IQR, 4.3 to 13.4]). All patients attended the _ "~ - . - . .
Diabetes Complication Assessment Service (DCAS) of Royal Alexan-gx;tszlgﬂ;r:d'zndocnnOIOQy and Diabetes, University Hospital, Geneva,

Hospital for Chil i NSW, A lia. Inf .
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Hospital's Ethics Committee. Society for Pediatric and Adolescent Diabetes (ISPAD).
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Retinal examinations were performed annually using stereoscopi®latz 1, 13353 Berlin, Germany.
fundal photography of 7 standard fields. Retinal staging was performed Copyright© 2001 by W.B. Saunders Company
using an adaptation of the Airlie House systerarly background 0026-0495/01/5006-0006$35.00/0
retinopathy was defined as any microaneurysm or hemorrhage in at doi:10.1053/meta.2001.23291
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Fig 1. Concentrations (A) and in vitro activity (B) of PON in dia-
betes patients with different blood glucose levels (BGL). P value
according to Mann-Whitney U test. Whiskers of the box plots corre-
spond to 10th and 90th percentile, respectively.

PON Activity and Concentration

All measurements were performed in Geneva, Switzerland (RW.J.)
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RESULTS

An inverse linear correlation was found between blood glu-
cose levels and both serum concentrations of PON (Pearson
correlation coefficient = —.20,P = .017) and its activityr( =
—.17,P = .037). Moreover, patients with ambient blood glu-
cose values below 10 mmol/L had significantly higher levels of
both PON concentrationP(= .003) and activity P = .028)
than those with elevated=10 mmol/L) blood glucose (Fig 1).
However, these parameters did not correlate with -
flecting longer-term glucose levels in diabetes patients.

For patients carrying different genotypes for PON1 54, no
statistical differences were found for PON serum concentra-
tions (L/L, 92.0 = 28.3 ug/mL; M/L, 90.4 £ 25.6 png/mL;
M/M, 89.2 + 24.3ug/mL, P = .570) and enzyme activity with
phenylacetate as substrate (L/L, 74.9 U/mL [IQR, 61.9 to 91.1];
M/L, 69.4 U/mL [IQR, 54.9 to 86.0]; M/M, 64.5 U/mL [IQR,
53.4 to 86.6],P = .172).

In multiple regression analysis, an independent effect on
PON serum concentration was found only for ambient blood
glucose levels (standardized coefficient bet8,83 [95% con-
fidence interval (Cl),—1.51 to —0.15], P = .017) accounting
for 4% of the variation of PON levels. Similarly, glucose levels
(standardized coefficient beta;0.86 [95% CI, —1.66 to
—0.06], P = .036) and presence of retinopathy (standard co-
efficient beta, 13.27 [95% CI, 2.48 to 24.1(}, = .016)
independently influenced the PON activity (adjusiéd= .06,

P = .004). In both models, PON 54 genotype, HhAcholes
terol levels, diabetes duration, and age of patients did not have
a significant effect on PON concentration and in vitro activity.

As in the previous study, patients with PON1 54 L/L geno-
type more frequently had retinopathl & .0001) compared
with those with M/L or M/M genotypes. Also, among patients
with clinical background retinopathy, the L/L genotype was the
dominant one (Table 1). Further significant differences between
patients with different stages of retinopathy were found for age
(P < .0001) and diabetes duratioP (< .0001), but not for
ambient blood glucoseP( = .913), HbA. (P = .212) or
cholesterol levelsK = .909).

Interestingly, PON activity was significantly different in
patients with different grades of retinopathy (no retinopathy,
67.2 U/mL [IQR, 53.6 to 80.7]; early background retinopathy,
80.2 U/mL [IQR, 59.1 to 98.3]; clinical background retinopa-

PON enzyme activities were assayed in serum samples using botfy, 67.8 U/mL [IQR, 54.9 to 83.8F = .026). However, after

phenylacetate and paraoxon as substrates according to previously d
scribed method® PON concentrations were measured using a com-
petitive enzyme-linked immunosorbent assay (ELISA).

Statistical Analysis

Data were analyzed using the SPSS 9.0.1 software (SPSS, Chicag
IL). Group differences for continuous variables were tested using

adjusting PON activity for ambient glucose levels and diabetes
duration, enzyme activity was significantly higher in patients
with early or clinical retinopathy compared with those without
retinopathy (Fig 2), while PON1 54 polymorphisms did not

0Table 1. Distribution of PON1 Genotypes at Position 54 in Young
Diabetic Patients With and Without Retinopathy

Mann-WhitneyU test (2 independent groups) or Kruskal-Wallis test (3

or more independent groups). Differences of frequencies for categorical

variables were tested by thé® test, and Z-test was used to assess

difference in proportions. Analysis of covariance was used to examine

serum PON levels and in vitro activity in patients with different stages
of retinopathy, adjusting for other biologic variables. Normally distrib-
uted data are presented as meaisD, otherwise as median and IQR

Early Clinical
PON1 No Background Background
Genotype Retinopathy (%) Retinopathy (%) Retinopathy (%)
M/M 26 (22) 1(2)* 2(Nt
M/L 60 (51) 12 (28)t 13 (43)
L/L 31(27) 30 (70)* 15 (50)1
Total 117 (100) 43 (100) 30 (100)

ranges.

*P < .001; t P < .05 compared with patients without retinopathy.
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110 period of weeks or months due to the half-life of hemoglo-
bin. We have no data on PON metabolism but, given its tight
100 | links with HDL, we could reasonably postulate that turnover
will be similar to that of HDL. Turnover of HDL is on the
order of days, considerably shorter than that of hemoglobin.
Thus, acute changes in glucose would have a greater short-
term impact on PON than HbA
PON activity toward exogenous substrates was signifi-
cantly different among patients with different stage of reti-
nopathy and, in particularly, after adjusting for confounding
factors, ie, glucose levels, it was higher in those patients
with retinopathy compared with those without this compli-
. cation. On the other hand, a greater percentage of subjects
retin'\(l)%athy bacizrrlgund bgclwglﬁgllmd with “high-expressor” genotype (L/L) was present in the
retinopathy  retinopathy group with retinopathy. This result is in contrast with studies
reporting significantly lower levels of PON activity, for
Fig2. Mean and 95% Cl of PON in vitro activity in type 1 diabetes example in patients with type 2 diabetes mellitus and more
pfatients with different stéges of retino_pathy after adjustin_g f\?r_ am- severe stages of retinopath?,but in accordance with those
bient blood glucose and diabetes duration. P values show significant . . .
differences from no retinopathy. reporting L54 allele as a risk factor for microvascular com-
plications in patients with diabetésThe first question is
whether it is the increased or relatively reduced activity of

L . ) the enzyme that determines susceptibility for macro- and
have a significant effect. Serum PON concentrations did not y P y

. . - . microvascular complications. It has been shown that a
differ between patients with different stages of retinopathy. higher LDL cholesterol-to-PON concentration ratio may in-

DISCUSSION dicate a reduced capacity of PON to limit LDL oxidatign
unfortunately, data on LDL cholesterol concentration were

| ilhﬁg ::stic?:t?gr?rl:t)ei\?vi:r)\(ttigdL?l?r glrexfruilirsémlir-ONlnm available in the present study. Although there is evidence
ying polymorp of an association between different PON1 genotypes and

gene at p_osmon_54 and th_e developm_ent of retinopathy Inenzyme activities measured with these substrates, we still do
young patients with type 1 diabetes mellitus.

In contrast to previous studiéswe could not confirm not know the physiologic relevance of the activity polymor-

. . ... . . phism. Furthermore, there is presently no published evi-
higher PON concentration and/or enzyme activity in indi- dence that the PON 54 polvmorphism affects enzvme sta-
viduals carrying the L/L genotype at position 54 compared polymorphi zy

with those with L/M or M/M genotype. One possible expla- biIit.y‘ or hydrolytic gfficiengy. For example, specific
nation for this deviation may be differences between popu-aCtIVItIeS (enzyme activity/unit mass enzy_me) are the same
lations!3 as they have been reported even when subjectéor_l‘_ and M 54 _|soforms, suggesting equivalent hydrolytic
were compared according to their PON genotypélore- efficiency. Stques ha\{e fpcused to a greater .e>‘(tent on the
over, patients participating in this study were markedly 191 polymorphism, which is known to affect activity toward
younger compared with those in previous rep6raTo our exogenous subst_rates._The S|tuathn with potential endoge-
knowledge, there are no data available concerning PO,\pous.sgbstrates (ie, oxidized LDL).|s less cllear, as there are
serum concentrations and activity at very young ages, parg:onfllctlng reports that the B_ 1_91 |sof_o_rm is less efficient,
ticularly age-related changes based on different levels ofnd on the other hand, of similar efficiency as the A 191
gene expression. In very recent studies, Leviev and Jaies isoform in protecting LDL from oxidation. Interestingly,
showed that polymorphisms at the promoter region of poN1James et af showed recently that lower expression defined
gene have a more profound effect on serum concentratioRy Polymorphisms at the promoter region ie107T allele,

and in vitro activity of PON than the PON1 54 genotypes. c@n moderate the significance of the presence of a “high-
Thus, the distribution of such polymorphisms has to befisk” allele (for example R191 for cardiovascular disease).
studied in this patient cohort. Interestingly, ambient blood In this context, we also have to evaluate possible implica-
glucose levels correlated inversely with PON concentrationtions of the PON promoter polymorphisms in retinopathy. In
and in vitro enzyme activity in this cohort. Patients with conclusion, these data show, that not only patients with type
elevated blood glucose had lower levels of PON and lower2 diabetes, a metabolic disorder including more frequently
enzyme activity with phenylacetate as substrate independeripid abnormalities, but also young people with type 1 dia-
of their genotype. In a very recent report by Hedrick etsal, betes carrying the L/L genotype at position 54 of PON1 are
glycation of HDL under in vitro conditions lead to a 65% more susceptible to retinal complications. Furthermore, we
reduction of PON enzymatic activity. That study did not showed that high blood glucose levels influence in vivo the
report on HbA . and PON. One possible explanation for an concentration of PON and its in vitro activity. However, the
association between PON and glucose, but not between PORble of serum PON concentration and activity as a possible
and HbA . may lie in turnover rates. As is well known, marker for monitoring late microvascular complications in
glycosylated hemoglobin reflects glycemic control over apatients with type 1 diabetes is yet to be established.
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