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Abstract

Pregnancy-associated plasma protein A (PAPP-A) is a high-molecular zinc-binding metalloproteinase that was first detected
in the serum of pregnant women. It can also be detected in men and non-pregnant women. Recently, a growing interest in
determining the concentration of PAPP-A as a marker of oxidative stress and atherosclerotic processes has been observed.
Among the factors that could potentially influence the PAPP-A formation is the exposure to tobacco smoke. Some components
of tobacco smoke have an immediate effect on the body and also direct influence on the cardiovascular system. The aim of
this study was to evaluate the relation between PAPP-A concentration and either passive or active exposure to tobacco smoke
in the population of medicine students (n=152). The relation between PAPP-A concentration and chosen markers of inflam-
matory response and anti-oxidative processes was analyzed. The samples of serum, urine, and saliva were collected and main
nicotine metabolites in urine samples were determined using ELISA technique. Comparison of the PAPP-A concentrations
in the study group revealed that in the group of active smokers, the concentration of the protein was significantly higher than
in the group of passive smokers (p =.04) and the group of not-exposed students (p =.006). PAPP-A concentration showed
significant positive correlation with the values of FRAP and main nicotine metabolites. The evident influence of both active
and passive tobacco smoke exposure on PAPP-A levels in the studied population of young people who in general are not
included in the group of high-risk cardiovascular incidents, shows how important early prevention of anti-health behaviors is.
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Introduction

The increasing problem of civilization diseases has attracted
researchers to focus on finding new markers to predict new
emerging health risk issues. Medicine offers wide possibili-
ties in detecting the ongoing process of disease, but still not

Handling Editor: Shazina Saeed.

P4 Magdalena Szumska
mszumska@onet.pl; mszumska@vp.pl

Department of Chemistry, School of Medicine
with the Division of Dentistry in Zabrze, Medical University
of Silesia, Katowice, Poland

Students Research Group of Chair and Department
of Chemistry, Zabrze, Poland

Analytical-Bacteriological Laboratory, NZOZ, Pulmonology
Unit, Tarnowskie Gory, Poland

@ Springer

enough to prevent it. Searching for markers, which could
show early changes in physiology of the human body, is now
a priority for many scientists in the world.

Pregnancy-associated plasma protein A (PAPP-A) was
one of four proteins found at high concentrations in the
plasma of pregnant women [1]. Since 1974 its function has
been unknown, but it was, and still is, successfully used for
screening for fetal trisomy 21 [2]. In the 1990s, researchers
found protein with proteolytic activity directed specifically
toward insulin-like growth factor IGF)—binding proteins
in culture media from a variety of cells [3-5]. In 1999, Law-
rence et al. [6] proved that this protein was PAPP-A. Subse-
quent studies have demonstrated its important role outside
pregnancy.

PAPP-A is a high-molecular-mass (Mr~200,000), zinc-
binding matrix metalloproteinase, but the one found in the
plasma of pregnant women is different from the one in the
plasma of non-pregnant women and men. The first of these
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circulates in a heterotetrameric form, consisting of two subu-
nits covalently bound to two subunits of the proform of its
endogenous inhibitor, the eosinophil major basic protein and
is produced by syncytiotrophoblast [7]. Non-pregnant PAPP-
A is a homodimeric active form, not bound to the inhibitor
[7], and produced by fibroblasts, vascular smooth muscle
cells, and activated macrophages [8]. PAPP-A is a mem-
ber of IGF axis. This axis includes growth hormone (GH),
insulin-like growth factors (IGF-1 and -2), their six binding
proteins (IGFBP-1-6), and IGFBP proteases. IGFBPs act as
IGF carriers and modulate their availability and bioactiv-
ity. PAPP-A is IGFBPs’ protease. Its primary substrate is
IGFBP-4 [3-5] but it also cleaves IGFBP-2 and IGFBP-5 [9,
10]. This proteolytic activity of PAPP-A is IGF-independent
and it cleaves IGFBPs when they are bond to IGFs [6]. This
cleaving increases the local levels of free IGFs for subse-
quent receptor activation and signal transduction [11]. IGFs
are involved in the regulation of growth, proliferation, and
differentiation of various cell types.

PAPP-A has mainly proved to be an important modulator
of local IGFs activity. The other functions of non-pregnant
PAPP-A have not been fully known but there is more and
more evidence that it plays a role in both physiological and
pathological conditions. PAPP-A is potentially proathero-
sclerotic. It plays an important role in advanced athero-
sclerosis and is one of the biomarkers of acute coronary
syndrome as well as being a highly specific predictor of car-
diovascular risk [7, 12—-14]. Elevated PAPP-A levels are also
associated with diabetes [15, 16], renal diseases [17-21],
and cerebrovascular diseases [22]. In 2007, Conover and
Bale [23] reported for the first time that PAPP-A was a new
anti-aging target. This protein has also been suggested to
participate in hormone-related cancer development, such as
ovarian, endometrial, and breast tumors [24, 25] and it was
reported to be elevated in lung cancer [26]. Several studies
have implicated the function of PAPP-A as a key determi-
nant of the cellular proliferation that occurs as response to
injury and subsequent inflammatory processes and wound
healing [27, 28]. Recently, PAPP-A was taken into consid-
eration as one of the markers of an oxidative stress as yet
little is known regarding this [29, 30].

The interest in determining the concentration of PAPP-
A as a marker of oxidative stress and atherosclerotic pro-
cesses results from the fact that its increased concentration
has been detected in patients with a history of cardiovascular
incidents. Still high mortality rates due to cardiovascular
diseases, which have become a noticeable problem in many
countries, have drawn the attention of scientists to better
understand the pathology of these diseases and search for
more specific risk markers. The increasing number of scien-
tific reports has been published in recent years showing the
potential usefulness of pregnancy plasma protein A (PAPP-
A) as one of these specific markers [12, 13].

It is known that smoking is one of the most important risk
factors for cardiovascular diseases [31, 32]. There is still
little information on the effects of smoking on the concen-
tration of PAPP-A. It has been proved that smoking during
pregnancy decreases PAPP-A [14, 33], but as investigation
of the pregnancy-associated plasma protein A concentration
in serum of tobacco-smoking men and non-pregnant woman
is ambiguous [11, 34, 35], further research is necessary. It
has been suggested that, as in the case of pregnant women,
in the group of healthy male and non-pregnant women, the
exposure to tobacco smoke may also affect PAPP-A concen-
tration [35, 36].

Since the population of young people is particularly
exposed to the harmful effects of tobacco smoke constit-
uents, and moreover it has been proven that even a short
period of smoking can lead to the endothelium damage,
research investigating the effect of tobacco smoke on
PAPP-A concentration in serum of young people who do
not belong to the group of high cardiovascular risk patients,
may constitute an important area for further study [37-39].

The aim of this study was to evaluate the relation between
PAPP-A serum concentration and either passive or active
exposure to tobacco smoke in the population of young adults
as well as the relation between PAPP-A concentration and
chosen markers of inflammatory response and anti-oxidative
processes.

Materials and Methods

The study was accepted by the Local Ethics Commit-
tee of the Medical University of Silesia (Regulation no.
KNW/0022/KB1/183/11). All participants have signed an
informed consent.

The study group consisted of 152 students (99 non-preg-
nant women and 53 men) of the first and the second year of
the Faculty of Medicine and Department of Medicine and
Dentistry and the second year of Emergency Medicine in
Zabrze, Medical University of Silesia in Katowice. Mean
age of the study group was 21.1+ 1.3 years, 21.2 + 1.4 years
for women, and 21.1+ 1.2 years for men. Blood samples
were obtained from elbow veins with disposable vacuum
blood collectors (Monovette, Sarstedt). Sera obtained were
stored in — 70 °C until analysis. The study also included the
collection of urine and saliva samples which were taken (as
well as serum samples) during the same sampling day and
were stored in — 20 °C until further analysis.

PAPP-A concentrations were measured by the ELISA
technique with a commercial DRG’s kit (PAPP-A US (ultra
sensitive), EIA-4512, USA). The assay was performed
according to the manufacturer’s instructions. The calibra-
tion curve was composed of six standards (0—450 ng/ml).
The sensitivity of the kit was 0.023 ng/ml.
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The concentrations of main nicotine metabolites were
determined using the ELISA technique as a screening
method which enabled the evaluation of tobacco smoke
exposure as well as the division of investigated groups into
active and passive smokers. The analysis was performed in
urine samples according to the previously described proce-
dure [40].

Based on the test results, the study group was divided
into the group of active smokers (the concentration of main
metabolites of nicotine > 200 mg/ml of urine), passively
exposed to tobacco smoke (the concentration of main metab-
olites of nicotine from 20 to 200 mg/ml of urine), and the
group of unexposed to tobacco smoke (the concentration of
main metabolites of nicotine <20 mg/ml urine).

C-reactive protein (CRP) concentrations analysis in
serum samples was performed by the ELISA technique
(Human C-Reactive Protein (CRP) ELISA Kit, Cell Bio-
Labs, USA). The ferric reducing/antioxidant power (FRAP)
values were measured by the Benzie et al. method [41, 42]
in saliva samples.

The results obtained were presented using basic parame-
ters of descriptive statistics. Normal distribution of data was
measured using Shapiro—Wilk’s test. Comparisons between
two independent groups were done using non-parametric U
Mann—-Whitney test. Independent data between the groups
of active smokers, passive smokers, and not-exposed stu-
dents were compared using analysis of variance or its non-
parametric equivalent Kruskal-Wallis test and appropriate
post hoc tests. The Spearman’s rank test was used for cor-
relations. The p <.05 was considered statistically significant.
Calculations were performed with STATISTICA for Win-
dows 10.0 software (StatSoft, Cracow, Poland).

Results

In the study group of medical students, up to 21.7% of peo-
ple actively smoked cigarettes, and 42.8% were passively
exposed to tobacco smoke. The mean concentrations of main
nicotine metabolites determined in the investigated groups
are presented in Table 1.

The first step in the analysis of the results was the assess-
ment of possible differences in PAPP-A concentration
regarding the gender of investigated group of non-smokers
and unexposed to tobacco-smoking students. Comparison
of the PAPP-A concentrations between the groups of not-
exposed to tobacco smoke women and men showed no
statistically significant gender-related differences in the
investigated population of young people (medians: 11.7 for
women vs. 12.8 for men; p=.08). PAPP-A levels also did not
differ significantly depending on gender in groups of passive
(medians: 12.7 for women vs. 13.1 for men; p=.15) and
active (medians: 15.1 for women vs. 16.3 for men; p =.6)
smokers. Therefore, in further data analysis , the division
regarding the gender in the individual groups (active, pas-
sive, not-exposed students) was not used.

Comparison of the PAPP-A concentrations between the
active smokers, passive smokers, and the group of not-
exposed to tobacco smoke revealed that in the group of
active smokers, the concentration of the protein was signifi-
cantly higher than in the group of passive smokers (p =.04)
and the group of not-exposed-to-smoking (p =.006). The
concentration of PAPP-A was higher in the group of passive
smokers compared to the group of not-exposed individuals,
however, this difference did not reach statistical significance.
The results are shown in Table 2.

The concentrations of FRAP determined in saliva and
serum samples and CRP determined in serum samples did
not differ significantly between the groups of active and pas-
sive smokers and not-exposed to tobacco smoke students
(Table 3).

Table 1 Main nicotine
metabolites in urine of student

Main nicotine metabolites (ng/ml)

Active smokers Passive smokers Not-exposed

1039.6 (380.9-2130.1)
219.2-11307.5

29.4 (24.4-42.0)
21.1-189.9

15.7 (12.6-17.7)
6.5-20.9

study groups Median (quartile range)
Min-max
Table 2 PAPP-A concentration PAPP-A (ng/ml)

in serum of student study
groups

Active smokers, n=33 (21.7%)

Passive smokers,
n=65 (42.8%)

Not-exposed,
n=>54 (35.5%)

Median (quartile range)
Min-max

15.4 (13.5-19.7)**
9.7-45.9

12.9 (10.7-15.7)
5.9-45.5

11.9 (9.9-17.3)
4.65-34.2

*p <.05 active smokers versus passive smokers

#p < .05 active smokers versus not -exposed
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Table.3 FRAP in saliva and Median (quartile range) Active smokers Passive smokers Not-exposed P

CRP in serum of student study

groups FRAP in saliva (umol/l) 462.0 (408-533) 415.0 (363-484) 444.5 (387-525) 23
FRAP in serum (umol/l) 510.5 (446-590) 523.0 (468-560) 503.0 (425-624) .96

CRP (mg/l)

0.30 (0.28-0.36)

0.36 (0.29-0.72) 0.33(0.29-0.84) .14

Table 4 Correlation values between PAPP-A and FRAP, main nico-
tine metabolites, and CRP in biological fluids

Main nicotine FRAP FRAP CRP (mg/l)
metabolites in urine  in serum in saliva
(ng/ml) (umol/1) (umol/l)
PAPP-A in serum (ng/ml)
R 287 —.037 185 —.148
p .001 748 .002 .068

PAPP-A concentration determined in serum samples
showed significant positive correlation with the values of
FRAP in saliva samples (but not in serum) and with main
nicotine metabolites in urine samples, whereas there was no
significant correlation with the concentration of CRP ana-
lyzed in serum samples. All these results are summarized in
Table 4. The serum CRP values were neither significantly
correlated with serum and saliva FRAP values nor with
mean concentration of main nicotine metabolites in urine
samples. Also, the serum and saliva FRAP concentrations
did not significantly correlate with the concentration of
mean metabolites of nicotine determined in urine samples.

Discussion

The presence of xenobiotics and their metabolites in the
human body is associated with a variety of diseases, includ-
ing cancers, Parkinson’s and Alzheimer’s disease, diabetes,
atherosclerosis, myocardial infarction, as well as in aging.
The current study indicates that PAPP-A levels in young
adults may be associated with tobacco smoke exposure.
Approximately more than 20% of the world population still
smokes cigarettes [43]. Tobacco smoking has been consid-
ered as the greatest contributor to preventable diseases and
premature death, worldwide [44—48]. It is associated with
increased incidence of cardiovascular disease (CVD) and is
the primary cause of chronic obstructive pulmonary disease
[44]. Smoking is also one of the major risk factors for vari-
ous types of cancer [49, 50]. It is very disturbing that in our
study group of young people, the percentage of active smok-
ers is nearly 22%. As future physicians, they should not only
communicate information about the health risks of smoking
to all their patients but also act as role models by not using
tobacco products themselves [51].

The influence of smoking and exposure to tobacco smoke
on concentrations of PAPP-A is still not completely under-
stood. So far, the majority of scientific works have focused
on the examination of the impact of tobacco exposure on
PAPP-A concentration in populations of pregnant smoking
and non-smoking women but the results of these studies
have been contradictory (reviewed in [52]). The impact of
smoking and tobacco smoke exposure on PAPP-A levels out-
side of pregnancy is still not fully understood.

The present study showed that exposure to tobacco smoke
has an influence on PAPP-A concentration in the group of
young healthy men and non-pregnant women. The exposure
to tobacco smoke either passive or active was evaluated by
measuring concentrations of main nicotine metabolites in
urine. The cotinine, one of the main nicotine metabolites,
level provides a meaningful and quantitative measure of an
average human’s exposure to tobacco smoke in active and
passive smokers and in non-smokers [53]. Many studies have
confirmed the high correlation between cotinine serum and
urine concentrations [54]. Correlation between concentra-
tions of PAPP-A and tobacco exposure biomarkers found
in this study allows us to conclude that tobacco exposure
can affect its level in a significant way. In previous studies,
a population consisting of men and women smoking ciga-
rettes revealed that in male subjects, serum PAPP-A levels
were significantly lower in smokers than in non-smokers.
Similarly, in female subjects, serum PAPP-A levels were
lower in smokers than in non-smokers (but the difference
was not statistically significant) [35]. Also, in our previous
study [55], PAPP-A concentration in serum of smokers (men
and women) was lower than in non-smokers group. On the
other hand, Joaquin et al. [36] did not observe significant dif-
ferences in concentrations of PAPP-A between smokers and
non-smokers. The discrepancy of results can be explained by
the fact that in the study of Coskun et al. [35], Joaquin et al.
[36] as well as in our earlier research [55], the division into
study groups was based on the data from the interview/sur-
vey. In our present work, qualification for individual groups
(smokers, passive smokers and not-exposed) was based on
the concentration of major metabolites of nicotine in the
urine, which seems to better reflect the actual exposure than
only survey data.

Smoking also affects systemic inflammation by activat-
ing inflammatory cells and increasing levels of circulating
inflammatory mediators and pro-inflammatory cytokines
[56, 57]. Cigarette smoke has been shown to augment the
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production of pro-inflammatory tumor necrosis factor o
(TNF-a), interleukin-1 (IL-1), -6 (IL-6), and -8 (IL-8) and
to decrease the production of anti-inflammatory interleu-
kin-10 (IL-10) [58]. Pro-inflammatory cytokines are potent
stimulators for the PAPP-A expression [13]. In cultured
human fibroblasts and vascular smooth muscle cells, pro-
inflammatory TNF-a and interleukin-1p (IL-1p) induce
PAPP-A expression in time- and dose-dependent manner
[28, 59]. PAPP-A plays an important role in the development
of atherosclerosis. In 2007, Harrington et al. [60] crossed the
PAPP-A knockout mice (PAPP-A KO) with apolipoprotein
E knockout mice (ApoE KO) (established model for athero-
sclerosis) and found that KO/KO mice showed a 70-80%
reduction in atherosclerotic lesion area compared to ApoE
KO mice on a high fat diet. Additionally, the KO/KO mice
remain at the initial stage of atherosclerosis, as ApoE KO
mice progressively developed into the advanced stage of this
process [60]. The trans-genetic overexpression of PAPP-A in
vascular smooth muscle cells (VSMCs) of ApoE KO mice
directly resulted in accelerated expansion of the atheroscle-
rotic lesion area [61] and PAPP-A KO mice could resist
VSMCs proliferation and migration—a sign of advanced
atherosclerosis [62]. VSMC is a target cell which secretes
PAPP-A under stimulation of pro-inflammatory cytokines
[13, 63, 64]. It may explain why tobacco smoke exposure (by
stimulation of production and release of pro-inflammatory
cytokines) results in an increase of PAPP-A concentrations
in studied active smokers population.

In recent years, novel markers of coronary artery disease
progression have been confirmed, with circulating levels of
PAPP-A standing out as the most prominent indicators of
this profile. In 2001, Bayes-Genis et al. [65] first proposed
PAPP-A as a candidate biomarker for the acute coronary
syndrome. They found that elevated PAPP-A originated
from eroded, ruptured, or unstable atherosclerotic plaques.
Since then, other studies have confirmed these results [14,
66]. Furthermore, PAPP-A is only minimally expressed in
stable plaques [34]. The research cited above has directly
confirmed that PAPP-A is synthesized most likely by vascu-
lar endothelial and smooth muscle cells. The serum PAPP-A
level, as a marker of plaque instability, is a strong independ-
ent predictor of cardiovascular events in patients with acute
coronary syndrome [12, 14, 34, 67].

The positive correlation of PAPP-A concentration with
mean nicotine metabolites concentration as well as the sig-
nificant increase in the level of this protein in the group of
active smokers indicates that PAPP-A should be considered
as a marker of future risk of cardiovascular diseases depend-
ent on number of cigarettes smoked, a widely known cause
of increased risk of atherosclerosis. The results should be
deliberated in planning the assessment of cardiovascular risk
using PAPP-A concentration due to the fact that it is signifi-
cantly higher in sera of active tobacco smokers. Considering
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PAPP-A as a valuable marker of cardiovascular events risk
in case of smoking population, the influence of tobacco
smoke exposure should definitely be included in order to
avoid unreliable results.

Passive smokers are often not fully aware of the fact that
passive exposure to tobacco smoke can also lead to sig-
nificant increase of the risk of CVD or cancer. The trend
towards higher concentration of PAPP-A in the study group
of students passively exposed to tobacco smoke cannot
exclude the possibility that passive smoking increases the
formation and release of this protein. This fact may require
further research on a larger sample of the population.

Previous research has shown that PAPP-A concentration
in serum samples varies depending on gender (increased in
male group) and in the male population it also positively
correlates with patients age [35]. This study, however, did
not include (when the groups were divided by gender) smok-
ing status. Taking into consideration the fact that male gen-
der is a risk factor for cardiovascular events, the authors
cited above [35] have proposed different reference intervals
for PAPP-A concentrations in relation to gender (lower for
men). In our study group of young adults, the concentration
of PAPP-A did not differ in the group of not-exposed in rela-
tion to gender, but these values did not significantly differ
between the groups of smoking men and women or between
groups of passively exposed men and women either. This
observation shows that gender is not the factor influencing
the concentration of PAPP-A in young adult individuals.
Perhaps, the difference in relation to the outcomes of the
aforementioned authors [35] results from the fact that the
study population of our research was younger and particu-
larly homogeneous regarding the age range.

The impact of exposure to tobacco smoke on C-reactive
protein concentrations in serum has also been investigated
in recent years. The primary regulators of the pro-inflamma-
tory cytokines release are IL-6, IL-1f, and TNF-a produced
by neutrophils and macrophages at the sites of injury [68].
Therefore, CRP could represent the possible link between
smoking and the induction of inflammatory pathways [57].
However, the results of studies on the effects of smoking on
serum CRP levels are not consistent. Some authors reported
a significant increase in the concentration of CRP in smokers
compared to non-smokers [69-71], and even a dose-depend-
ent correlation between CRP and smoking habits [72]. How-
ever, other studies have not confirmed the existence of such
correlations [73] or have only confirmed their existence in
men [74]. Similarly, contradictory results were obtained by
analyzing the effect of sidestream tobacco smoke on CRP
concentration in serum [75-77]. In our study, CRP con-
centration did not significantly differ between the study
groups of active smokers, passive smokers, and unexposed
to tobacco smoke. CRP concentration did not significantly
correlate to the PAPP-A concentration in serum samples and
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concentration of main nicotine metabolites in urine samples.
These results can only confirm the complexity of cytokine-
mediated inflammation.

A test measuring the ferric reducing/antioxidant power,
called the FRAP assay, is often used as a method for assess-
ing an antioxidant status of organism [41, 42]. The physi-
ological response to the increased “oxidative stress” is the
production and activation of many types of antioxidant
agents. Therefore, FRAP is a good indicator of systemic
anti-oxidative processes [78]. Studies concerning the evalu-
ation of FRAP concentrations in smokers and non-smokers
have not given consistent results either. Some authors have
reported a significant increase in FRAP concentrations in
smokers [79], others have described the decrease of FRAP
level which, however, did not correlate to history of smok-
ing [80]. In our study group, FRAP concentration in serum
and saliva did not differ between the groups of active smok-
ers, passive smokers, and students not-exposed to tobacco
smoke. Moreover, FRAP concentrations in serum and saliva
did not significantly correlate to the CRP values in serum
samples nor did it show statistically significant correla-
tion with main nicotine metabolites concentration in urine
samples. However, it seems an interesting observation that
FRAP concentration in saliva showed positive, significant
correlation with the concentration of PAPP-A in serum sam-
ples. It can therefore be concluded that the same factors that
cause an increase in the concentrations of PAPP-A, includ-
ing exposure to tobacco smoke components and resulting
the increased exposure to free radicals, are also responsible
for the escalation of the antioxidant barrier, at least in saliva.
This increase in anti-oxidative power certainly expresses the
organism’s defense when exposed to oxidative stress. The
relatively low strength of this correlation may result from the
fact that FRAP values can also be significantly influenced by
other factors, such as a diet or vitamins and microelements
supplementation.

Conclusions

To conclude, the value of our work is a large size of the
study group and the homogeneity of their age. The clas-
sification of these young, healthy individuals into groups
of active smokers, passive smokers, and individuals not-
exposed to tobacco smoke was made on the basis of the main
nicotine metabolites concentration determined in urine sam-
ples, which reflects the actual exposure to tobacco smoke.
The visible influence of both active and passive tobacco
smoke exposure on PAPP-A levels in the investigated popu-
lation of young people, who in most cases are not included
in the group of high cardiovascular incidents risk, shows
how important early prevention of anti-health behaviors is,
especially for future physicians.

Our study suggests that PAPP-A could be considered
as an early prognostic marker of atherosclerosis and car-
diovascular diseases. But more advanced conclusions need
further investigation. It would be necessary to perform a
long-term study concerning occurrence of cardiovascular
diseases in patients who had increased PAPP-A concentra-
tion at a young age, and investigate its correlation with the
beginning of processes leading to atherosclerosis in vessels.
More research should be performed regarding the estimation
of PAPP-A levels in different populations to define factors
influencing this protein concentration in order to create reli-
able values of intervals on the basis of which the detailed
prognosis of health risk could be provided.

Due to the ongoing problem of cardiovascular diseases,
scientists are searching not only for most specific mark-
ers of CVD, but also for new targets of treatment. PAPP-A
seems to fulfill both conditions. Much further research will
be required, but in the future, suppression of PAPP-A gene
expression could be a way to successfully prevent the devel-
opment of atherosclerosis, and ultimately reduce mortality
from cardiovascular diseases.
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