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Objective. It is aimed to obtain some general information about the prevalence of certain biomar-
kers in highly exposed population and on the interrelations between their serum level as related to
that of some major organochlorines (OCs).

Methods. The level of alpha-fetoprotein (AFP), carcinoembryonic antigen (CEA) and beta2-
microglobulin (beta2-MG) as well as that of polychlorinated biphenyls (X15PCBs), dichlorodiphenyl-
dichloroethylene (DDE) and hexachlorobenzene (HCB) was estimated in 2046 adults (834 males
and 1212 females) from highly polluted Eastern Slovakia.

Results. Great majority of blood levels was lower than two specific units used for individual
markers, while the prevalence of values higher than two specific units of appropriate markers. At the
same time, the prevalence of all markers level higher than 2 specific units was highly significantly
increasing with of stratified PCBs level quintiles which were also positively related to these of DDE
and HCB. Some significant correlations between biomarkers level and age were also observed.

Conclusions. Although from the data obtained within this multipurpose field survey any nota-
ble interrelations between AFP, CEA and beta2-MG and some specific diseases and/or malignant
processes could not be retrospectively specified, from the data obtained it appears that some of such

interrelations cannot be definitely excluded.

During previous twenty years great attention has been
paid to the population living in Eastern Slovakia which
was exposed to high environmental pollution by several
organochlorines (e.g. PCBs, DDE and HCB) resulting
from environmental negligence of former totalitarian
regime (Kocan et al. 1994, 2001; Chovancova et al. 2005;
Petrik et al. 2006; Jursa et al. 2006; Hovander et al. 2007;
Linderholm et al. 2007; Park et al. 2007, 2008). In addi-
tion to several previous findings on increased thyroid
volume, thyroid hormone and thyroid antibodies level
with increasing level of organochlorines (Langer et al.
2007a, 2007b, 2007c, 2010) also increased prevalence
of prediabetes and diabetes in polluted areas has been
recently reported (Ukropec et al. 2010).

The aim of this report is to summarize the observa-
tions on the interrelations between the level of those
organochlorines mentioned above and some biomarkers

such as alpha-fetoprotein, carcinoembryonic antigen
and beta2-microglobulin which were selected because
of their possible interrelations with some malignant
processes.

Subjects and Methods

Subjects. A total of 2046 adults from Eastern Slo-
vakia was examined consisting of 834 males and 1212
females (578 aged 19-40 years and 1468 aged 41-78
years), a part of them (432 males and 576 females) being
recruited from the district of Michalovce which has been
previously found heavily polluted by polychlorinated
biphenyls (PCBs) and other organochlorines, namely
by dichlorodiphenyl-dichloroethylene (DDE) as well
as hexachlorobenzene (HCB) for several decades.
Remaining subjects (402 males and 636 females) were
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Table 1
Distribution of organochlorine and AFP levels in females and males as sorted in terms of X15PCB level
quintiles
o Means Number
Gender Z?Sulirglglie(\)rfel N /g serum lipid AFP (ng/ml)
PCB DDE HCB >2.0 >5.0 >10.0**

Females* 1 243 618 2250 618 85 0 0

2 242 985 1723 985 128 24 1(2)

3 242 1021 2224 1021 141 34 3(0)

4 243 1215 3130 1215 135 16 2(1)

5 243 1607 3774 1607 165 47 7(0)
TOTAL 1213 TOTAL 654 121 13 (3)
Males** 1 166 621 1094 378 69 2 0

2 167 976 1657 561 79 8 1

3 167 1349 2271 605 100 17 1

4 167 3042 3297 773 103 13 0

5 167 5424 3978 1001 151 20 1
TOTAL 834 TOTAL 502 60 3

Chi-square for quintiles of PCB and AFP >2.0 ng/ml: * = in females, chi-square = 94.98, p<0.0000 ;** = in males, chi
square = 106.64, p<0.0000; *** = explanation: among a total of 16 females with AFP level >10.0 IU/ml three were
pregnant (with AFP level of 26.7, 74.7 and 103.7 IU/ml and average age of 22 years), their number being shown in
brackets, while the average age of additional 13 females with that level range was 53 years (range of 48-71)

from the districts of Svidnik and Stropkov located about
60 kilometers upwind and upstream and considered as
exposed to background pollution appropriate to east
Slovakian area.

The subjects were recruited by 28 a priori selected
primary care local physicians to which all residents were
assigned as based on their residence. They have been in-
structed to divide the alphabetical list of subjects under
their care into centiles and then to call randomly one
subject per each centile to fulfil the final aim to recruit
about 30 percent of subjects <40 years and 70 percent
between 41 and 75 years, while the ratio of males to
females should be kept about 40 to 60 percent. By such
a way about 60 to 100 subjects were finally recruited by
each physician.

Examinations. The examination consisted of ques-
tionnaire data, physical examination and informed
consent document. The procedure was approved by
Institutional Review Board and by anonymous reviewers
of European Commission.

Blood was withdrawn by the vacutainer and centri-
fuged in a refrigerated centrifuge. Serum aliquots were
then transported in portable freezer to the laboratory
and kept frozen at -20 °C until assayed.

Estimation of organochlorines. From each sub-
ject 20 ml of blood was withdrawn and centrifuged

in a refrigerated centrifuge. The aliquots of serum
and urine were transported in portable freezer to the
laboratory and kept frozen at -20 °C until assayed. In
serum of all subjects fifteen PCB congeners (IUPAC
numbers 28, 52, 101, 105, 114, 118, 123, 138"1%3, 153,
15617, 157, 167, 170, 180 and 189) and also p,p-DDE
(2,2’-bis(4-chlorophenyl)-1,1-dichloroethylene),
p,p-DDT (2,2°-bis(4-chlorophenyl)-1,1,1-trichloro-
ethane), hexachlorobenzene (HCB) as well as a-, p- and
y-hexachlorocyclohexane (HCH) were determined by
high resolution gas chromatography and Ni-63 micro-
electron capture detector using a 60 m DB-5 capillary
column as repeatedly described elsewhere (Kocan et al.
2001; Pavuk et al. 2004; Petrik et al. 2006).

Estimation of biomarkers. Serum level of alpha-
fetoprotein (AFP), carcinoembryonic antigen (CEA)
and beta2-microglobulin (beta2-MG) was estimated
by highly sensitive electrochemiluminiscent immu-
noassay using the automatic system Elecsys (Roche,
Germany).

Treatment of data end statistical evaluation. For
each biomarker the data obtained for males and females
were treated separately. After being divided in terms of
stratified PBC level quintiles, the prevalence of data for
each biomarker belonging to individual PCB quintiles
were further sorted in terms of three cut-off levels (e.g.
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Table 2
Distribution of organochlorine and CEA levels in females and males as sorted in terms of X15PCB level
quintiles
o Means Number
Gender 2(12;;2;[]131 ele(szel N ng/g serum lipid CEA (ng/ml)
PCB DDE HCB >2.0 >5.0 >10.0
Females* 1 243 618 2250 618 39 4 0
2 242 985 1723 985 50 1 0
3 242 1021 2224 1021 65 5 0
4 243 1215 3130 1215 63 10 0
5 243 1607 3774 1607 80 10 2
TOTAL 1213 TOTAL 297 30 2
Males** 1 166 621 1094 378 65 0
2 167 976 1657 561 36 8 0
3 167 1349 2271 605 74 11 0
4 167 3042 3297 773 75 15 2
5 167 5424 3978 1001 122 23 0
TOTAL 843 TOTAL 372 64 2

Chi square for quintiles of PCB and CEA >2.0 ng/ml: * in females, chi-square = 29.52, p<0.0003; ** in males,

chi square = 96.59, p<0.0000

>2,>5 and >10 specific units used for each biomarker)
and presented in separated tables for each biomarker.
Statistical significance showing the interrelation be-
tween the level of PCB and prevalence of all levels >2
units was evaluated by chi-square test.

Results

In both males and females, with the aid of chi-square
analysis highly significant increase in the prevalence
of values >2.0 ng/ml for AFP (Table 1) as well as these
>2.0 ng/ml for CEA (Table 2) and these >2.0 mg/1 for
beta2-MG (Table 3) with increasing level of X15PCBs as
stratified in quintiles has been found. Moreover, each of
these Tables shows a considerable increase of DDE and
HCB level which was parallel to that of X15PCBs. From
this follows that all major organochlorines analyzed
could participate in the mechanisms and/or pathologi-
cal processes which are hidden behind such increased
level of those markers.

Although the presented chi-square analysis for all
biomarkers was related only to the sum of values >2.0
appropriate units used for each of them, all Tables also
show considerably increasing and parallel prevalence
of the values >5.0 appropriate units, namely for AFP
and CEA.

However, some data showing biomarker levels in
general population without some “marker producing

disorders” still seem lacking. Nevertheless, there still
was a considerable number of values <2.0 appropriate
units which could certainly belong to such unaffected
population. Thus, in our cohort such prevalence of
“normal” AFP level was 559/1213 (46.1 %) in females
and 332/834 (39.8 %) in males (Table 1), while much
higher prevalence of such “normal” level was found for
CEA, e.g. 916/1213 (75.5 %) in females and 584/834
(70.0 %) in males (Table 2) as well as for f2-MG, e.g.
924/1213 (76.3 %) in females and 584/834 (70.0 %) in
males (Table 3).

Discussion

Alpha-fetoprotein (AFP) is a glycoprotein, the
highest amount of which occurs in the human fetus.
It does not have any known function in adult humans,
but increased AFP level appears in pregnant women
due to its production by fetus. However, increased level
occurs in patients with AFP secreting tumors such as
endodermal sinus tumor (yolk sac carcinoma), neu-
roblastoma, hepatoblastoma, hepatocellular carcinoma
and nonseminomatous germ cell tumors. It may be also
increased in patients with chronic benign liver disease
(cirrhosis, hepatitis).

Shin et al. (2010) observed 66 patients with hepato-
cellular carcinoma (HCC) who had preoperative AFP
level >400 ng/ml and found postoperative recurrence
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Table 3
Distribution of organochlorine and beta2-MG levels in females and males as sorted in terms of
X15PCB level quintiles
o Means Number

Gender z?;;gl;l T;}fel N ng/g serum lipid beta2-MG (pg/ml)
PCB DDE HCB >2.0 >3.0 >5.0

Females 1 243 618 2250 618 37 2 -

2 242 985 1723 985 50 1 --

3 242 1021 2224 1021 54 1 -

4 243 1215 3130 1215 72 3 -

5 243 1607 3774 1607 76 8 1

TOTAL 1213 TOTAL 289 15 1

Males 1 166 1094 378 30 1 -

2 167 976 1657 561 45 3 -

3 167 1349 2271 605 48 3 1

4 167 3042 3297 773 63 1 -

5 167 5424 3978 1001 64 4 2

TOTAL 834 TOTAL 250 12 3

Chi square for quintiles of PCB and beta2-MG >2.0 ug/ml: * in females, chi-square = 33.74, p<0.0000;

** in males, chi square = 27.47, p<0.0006

only in those with AFP increase above 20 ng/ml mostly
within one year. In contrast, Jiang et al. (2011) recom-
mended 10 ng/ml as the best cut-off level for diagnosis
of primary HCC. Mailey et al. (2011) stratified a total of
2253 patients with elevated AFP level before orthotopic
liver transplant for hepatocellular carcinoma into low
AFP (1210 patients with AFP <20 ng/ml), medium
AFP (855 patients with AFP 20-399 ng/ml) and high
AFP (238 patients with AFP >400 ng/ml) group, the
medium and high AFP groups being associated with
higher mortality.

However, Chen et al. (2009) reported 102 consecutive
subjects with a histological diagnosis of chronic hepatitis
C without any presence of hepatocellular carcinoma for
at least 6 months’ follow-up, but with hepatic steatosis
(> or = 5 % hepatocytes), hepatic fibrosis (> or = stage
II), uric acid (> or = 6.3 mg/dl), asparate aminotrans-
ferase (> or = 40 IU/1), albumin (< 3.5 g/dl), and fasting
plasma glucose (<126 mg/dl), all these findings being
significantly associated with elevated AFP (> or = 13.6
ng/ml) in 29 among those patient. Similarly, increased
AFP level (>15.0 ng/ml) was found in 23.9 % among 654
similar patients (Tai et al. 2009) and thrombocytopenia,
aspartate aminotransferase and alanine transaminase
elevation and AFP level >6 ng/ml were associated
with advanced fibrosis. Among 357 US patients with
chronic hepatitis C 23.0 % had elevated serum AFP (>
or = 10 ng/ml) that was independently associated with

stage III/IV hepatic fibrosis, elevated level of aspartate
aminotransferase and prolonged prothrombin time
(Hue et al. 2004).

From the above findings it appears that the increase
of AFP occurs not only in cases with hepatocellular car-
cinoma, but also in cases of chronic hepatitis C without
any presence of such carcinoma. Considerable number
of such patients had AFP level >15.0 ng/ml, though the
level of 10 ng/ml has been also suggested as cut-oft level
for diagnosis of HCC (Jiang et al. 2011). In addition, Tai
etal. (2009) showed that the elevation of AFP >6 ng/ml
has been associated with advanced fibrosis.

However, some data showing AFP level in general
population without AFP producing disorders still seem
lacking. The data found in our cohort (Table 1) shows
559/1213 (46.1 %) AFP levels <2.0 ng/ml in females
and 332/834 (39.8 %) in males, while the prevalence of
AFP levels <5.0 ng/ml in females was 1092/1213 (90.5
%) and that in males was 774/834 (92.3 %). In contrast,
the same Table 1 shows 12/1213 (0.98 %) cases with AFP
>10 ng/ml in females and 3/834 (0.35 %) of such cases
in males and highly significant increase of AFP values
>10 mg/1 with AFP level >2 mg/l with PCBs.

Carcinoembryonic antigen (CEA) is a type of pro-
tein molecule that is associated with some cancers of
gastrointestinal tract, but also with those of breast, lung,
and certain types of thyroid and ovarian cancer. Benign
conditions which can elevate CEA include smoking, in-
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fections, inflammatory bowel disease, pancreatitis, liver
cirrhosis and some benign tumors in the same organs
in which an elevated CEA indicates cancer.

The normal range for CEA in adult non-smokers is
<2.5 ng/ml, but it may be higher in smokers (<5.0 ng/
ml). The discriminative value of 5.0 ng/ml has been
recently supported by the observation of 4509 subjects
referred to large bowel endoscopy due to the symptoms
of colorectal cancer, the odds ratio for cancer being
found highly significant in those with CEA levels >5
ng/ml, while in those with CEA level <5 ng/ml it was
not (Nielsen et al. 2010). However, the levels >20 ng/ml
as found before therapy are associated with the cancer
which has already spread.

In the recent review (Tan et al. 2009) also the question
of diagnostic precision of serum CEA level in the detection
oflocal or distant recurrence following resectional surgery
for colon and rectal cancer has been thoroughly studied by
quantitative meta-analysis in 20 studies in a total of 4288
patients. The cut-off for a “positive” CEA ranged from 3 to
15 ng/ml between various studies, but the optimum cut-oft
level for the best combination of sensitivity and specificity
was 2.2 ng/ml which has been considered an ideal balance
of sensitivity and specificity and also which may be useful
as a first-line surveillance investigation in patients during
surgical follow-up based on serial CEA measurements
using temporal trends in conjunction with clinical, radio-
logical and/or histological confirmation.

From these findings it appears that the cut-off level
of 2.0 ng/ml used in our survey is close to that recom-
mended (Tan et al. 2009) and that highly significant
increase in the prevalence of CEA levels >2.0 ng/ml
with the level of PCB and other organochlorines (Table
2) could support the view on their participation in the
development of CEA related disorders.

In our cohort (Table 2) we found 916/1213 (75.5 %)
CEA levels <2.0 ng/ml in females and 584/834 (70.0 %)
in males, while only few values in females (30/1213 =2.5
%) and in males (64/834 = 7.6 %) were >5.0 ng/ml.

Serum level of $2-microglobulin (B2-MG) belongs
to the markers of survival in patients with multiple
myeloma and lymphoma (Xu et al. 2010) and chronic
lymphocytic leukaemia (Zenz et al. 2010). Among 159
patients with acute lymphocytic leukemia the f2-MG
level >4.0 mg/1 has been found in patients with signifi-
cantly worse survival (Kantarjian et al. 1992). Never-
theless, also somewhat lower 32-MG level such as of
3.0 mg/l appeared predictive for the transformation of
lymphoma to follicular lymphoma in 34 patients among
a total of 220 patients (Bastion et al. 1997).
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Fig. 1 Significant correlation between the age and CEA level
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Fig. 2 Significant correlation between the level of PCBs and
CEA in all subjects (r = 0.110; p<0.001|

Greipp et al. (1993) reported the survival of 28
months for multiple myeloma patients with both C
reactive protein and B-MG >6 mg/l, while the survival
for those with both levels <6 mg/l was 47 months.

In 339 patients with chronic lymphocytic leukemia
the median 2-microglobulin level of 2.4 mg/l has
been reported as one of predictors for progression free
survival (Letestu et al. 2010) and similar findings were
obtained also by Gatto et al. (2003) for f2-microglobulin
level of median 2.6 mg/I (range 0.8 — 10.2) in 553 patients
with myelodysplastic syndrome.

In our cohort (Table 3) we found 924/1213 (76.3 %)
B2-MG <2.0 ng/ml in females and 584/834 (70.0 %)
in males, while the prevalence of <3.0 ng/ml appeared
negligible.

It should be explained that, first of all, our multi-
purpose study was predominantly epidemiological,
one of our purposes being focused on the distribu-
tion of marker levels and their interrelations with
organochlorines without any clinical data available
on some disease considered specifically related to
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certain biomarker. Although the data obtained were may be suggested that the cut/off levels of 2.0 ng/ml
submitted back to each of 28 district physicians all ~ for CEA, 2.0 IU/ml for AFP and 2.0 pg/ml for beta2-
appropriatethe suspected or diagnosed cancer in the MG we selected and used for the segregation of those
examined subjects. Thus, from the above presented  possibly threatened by some pathological process, may
and discussed clinical findings obtained by others it ~ be considered as acceptable.
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