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Abstract. Genetic and environmental influences on the phenotypic expressions of several
biological markers were studied in 18 monozygous (MZ) and 8 dizygous (DZ)twin pairs.
Zygosity was determined using ABO, Rh, and HLA. The biomarkers studied included:
T & B lymphocytes, suppressor and helper T lymphocytes (T7, T#), T cell (PHA) mitogen
activation (MA), serum immunoglobulins (IgA, IgM, and IgG), plasma carcinoembryonic
antigen (CEA), aryl-hydrocarbon hydroxylase (AHH) and sister chromatid exchange
(SCE) inlymphocytes. Temporal variation of markers over a 6-month period was not
significant. The mean absolute differences between levels from first and second blood
draws were less than one standard deviation. Variability associated with age was not
significant. Females had higher levels of T lymphocytes than males. A gender related
association was observed for the IgM immunoglobulin test: females had a higher mean
level of IgM. Smoking was found to influence the levels of SCE, T helper lymphocytes
and mitogen activation. The variability of these biomarkers within and between twin pairs
was quantified. Immunoglobulin levels, particularly that of IgM, showed statistically
greater similarity within MZ twins than within DZ twins. Several other markers suggested
heritability.

Key words: Cancer; T & B lymphocytes; Mitogen activation; Serum immunoglobulins;
Plasma carcinoembryonic antigen; Aryl-hydrocarbon hydroxylase; Sister
Chromatid Exchange

1. INTRODUCTION

Immunologic, cytogenetic and biochemical markers are being increasingly studied to
determine their value in the early detection of malignant disease {10,17,21,27,29,30].
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Markers have been extensively studied in experimental animals [9,11,23,28] to predict
cancer susceptibility.

The clinical use of biomarkers in cancer has, for the most part, been limited to the
follow-up of cancer patients [19,22]. Knowledge about the behavior of biomarkers is
not adequate for the identification of cancer susceptible individuals, nor for the early
detection of this disease. Prior to such use of biomarkers, there must be an understanding
of their behavior in the normal population. We have studied several biomarkers, pre-
viously found to be associated with cancer [5-7,16,18,25,32], in healthy identical and
non-identical twins, in an attempt to quantitate genetic versus environmental influences
on their phenotypic expression.

The biomarkers studied include the following: T and B lymphocyte subpopulations,
lymphocyte-mitogen activation (MA), serum immunoglobulins (IgG, IgM and IgA),
plasma carcinoembryonic antigen (CEA), aryl-hydrocarbon hydroxylase inducibility in
lymphocytes (AHH), and sister chromatid exchange (SCE).

By estimating the relative importance of genetic and environmental influences, the
results of the present study will strengthen the foundation upon which future studies of
the applicability of these biomarkers can be based.

2. MATERIALS AND METHODS
2.1 Subjects Studied

A sample of twins was recruited from Southern California Mothers of Twins Clubs. Interested persons
completed a questionnaire which included basic demographic data, smoking and drinking history,
environmental exposure assessment, personal medical history, and medical history of first- and second-
degree relatives. An initial blood sample was taken, and approximately six months later a second was
drawn. Zygosity was determined by testing the first blood samples for ABO blood groups, Rh system
and histocompatibility antigens (HLA). The HLA antigens (92 possible antigens) were determined
serologically using specific cytotoxic antibodies and MLC reaction for detection of loci A, B, C, D and
DR.

2.1.1 Questionnaire data

The sample consisted of 26 pairs of twins (18 MZ and 8 DZ). There were 17 males and 35 females.
The mean age was 28.4 yr, the median age 22.5 yr, and the standard deviation was 6.12 yr. In Table
1, the age distribution is shown by zygosity and gender. All subjects have completed high school and
about half of the subjects also have some college education. Seventeen are presently students, 12 are
employed in the service occupations, 7 are professionals, 5 work in the major industries, 4 work in
clerical sales, 4 are employed in other occupational categories, 1 is unemployed, and information was
not obtained on 2 persons.

Table 2 summarizes the subjects’ exposure to various environmental agents and their health status.
Over two-thirds of the subjects have reported no history of any serious medical condition which
required hospitalization or continued medical attention, such as heart disease, diseases of the cir-
culatory system, stroke, hypertension, diabetes, liver disease, cancer, chronic respiratory disease,
ulcers, rheumatic fever or arthritis. Not all study participants filled out the entire questionnaire, thus
there are missing data in many of the distributions.

2.1.2 Family History of Cancer

The frequency of cancer in 25 of the 26 families of these twins is shown in Table 3 (first- and second-
degree relatives are included). We can divide the number of occurrences of cancer by the total number
of individuals in a family (sum of the numbers of brothers, sisters, maternal aunts and uncles, paternal
aunts and uncles, two parents, two maternal grandparents, and two paternal grandparents) to obtain a
relative frequency of cancer cases. The frequency of cancer in the twin families ranged from 0 to 34%;
with 32% having more than 15% of their family members with history of cancer.
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Table 1, Age Distribution by Zygosity and Gender

Mz DZ
Age
MM FF MM FF MF
<20 3 4 1 0 1
20-29 2 2 1 2. 2
30-39 0 4 0 1 0
240 0 3 0 0 0
TOTAL 5 13 2 3 3

Table 2. Distribution of Host Factors in Study Subjects

Yes No
Ever smoked cigarettes 16 36
Current cigarette smokers 6 37+
Industrial chemical exposure 7 43
Garden, chemical and fertilizer exposure 5 45
Personal history of cancer 1 49
Chronic chest condition 11 39
Seasonal allergy 5 45

* In addition there were nine former smokers

Table 3. Frequency of Cancer in First and Second Degree Family Members of the Twins Studied

Number of cases of cancer No. of families Frequency (%)
per family

0 5 20
1 9 36
2 4 16
3 4 16
4 3 12

Relative frequency of cancer No. of families Frequency (%)
0.00-0.04 6 24
0.05-0.14 11 44
0.15-0.24 4 16
0.25-0.34 4 16
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2.2 Laboratory Methods
2.2.1 Separation of Lymphocytes

Whole blood diluted with RPMI 1640 culture medium was layered on a ficoll-hypaque gradient in
glass test tubes. The test tubes were centrifuged; the lymphocyte layer was collected and washed in
Hank’s balanced salt solution before total lymphocyte count was taken.

2.2.2 Enumeration of T and B Lymphocytes

T cells were enumerated by the E Rosette method. Lymphocytes were incubated overnight at 4°C
with washed sheep red blood cells. Sixteen hours later the cell pellet was gently resuspended, a drop of
toluidine blue stain was added, and two wet mounted slides were prepared per sample. A total of 100
lymphocytes were counted from each slide and the number of rosettes (a lymphocyte with 3 or more
sheep red blood cells adhered) was recorded as a percentage of total lymphocyte count.

B cells were quantitated by the EAC rosette method. In this method lymphocytes were mixed
with sheep red blood cells which had been sensitized with hemolysin and mouse serum. This mixture
was incubated in a 37°C water bath for 30 minutes. Slides were prepared and rosettes were counted
in the same manner as the E rosettes.

2.2.3 Methods for Supressor T Cells { T,y} and Helper T Cells ( T#}

The first step was to isolate the T lymphocytes by an E Rosette method (described above). The
resuspended lymphocyte and sheep red blood cell mixture was layered on a ficoll-hypaque gradient
and centrifuged. Rosetted T cells formed a pellet and the remaining supernatant and lymphocytes
were aspirated. The red cells were lysed and the remaining T lymphocytes were divided for the T.
and T“ tests. An aliquot of washed ox red blood cells was pretreated by incubation with rabbit anti-ox
IgG and another incubated with rabbit anti-ox IgM. An aliquot of IgG-ox red blood cells was added to
one half of the T lymphocyte sample and IgM-ox red blood cells were added to the other half. Cell
suspensions were mixed, centrifuged and incubated at 4°C for two hours. Cell pellets were gently
resuspended, a drop of toluidine blue stain was added and both chambers of a hemocytometer slide
were filled with cell suspension. A total of 100 T lymphocytes was counted in each chamber and
rosettes were recorded as a percentage of the total T lymphocyte count.

2.2.4 Sister Chromatid Exchange

Lymphocytes were cultured in medium containing 20% fetal calf serum, 2% phy tohemagglutinin and
bromodeoxyuridine at a final concentration of 5 élg/ml. Cells were incubated in test tubes at a con-
centration of 0.5 x 106 cells /ml in a humid 37°C, 5% CO2 incubator for 72 hours. Cultures were
done in duplicate. Two hours prior to cell harvest, colcemid was added to cultures at a final con-
centration of Sﬂg/ml. At the end of 72 hours, cultures were centrifuged and KCl solution (0.07 M)
was added for a period of 7 minutes after which the cells were fixed by adding a fixative (3 parts
methanol: 1 part glacial acetic acid). The fixing procedure was repeated two more times and then
slides were prepared by dropping a drop of cells in fix solution on a clean microscope slide. Slides were
allowed to air dry for at least 24 hours before staining. They were stained in Hoechst stain for 10
minutes, covered with Sorensen’s buffer and exposed to fluorescent light for three hours, incubated at
60°C in standard sodium citrate for 30 minutes and finally stained in 3% Giemsa solution.

2.2.5 Immunoglobulins

The immunoglobulins (IgG, IgA, and IgM) were quantitated by radial immunodiffusion using plates
manufactured by Behring Diagnostics, Dept. of Hoechst Pharmaceuticals, Inc., Somerville, New Jersey.
Serum samples were delivered into 5 1 wells in agar plates containing goat and anti-human serum
specific for IgG, IgA or IgM. Precipitin rings were measured after a period allowing for maximum
diffusion (24-28 hr). A standard curve was constructed by plotting squared diameters of precipitin
rings of the standard serum dilutions. The concentrations of the sample immunoglobulins were read
from the standard curve.

2.2.6 Mitogen Activation

Lymphocytes from peripheral blood were cultured in 20% fetal bovine serum and 80% RPMI using
phytohemaggtutinin (0.5%, 1% or 2%). Cells were incubated in microtiter plates in quadruplicates
at a concentration of 1 X 105 cells/well in a humid, 37°C, 5% CO2 incubator for 72 hours with a
6-hour pulse with 3H-thymidine at 66 hours. Cells were harvested ona MASH II unit (Multiple Auto-
mated Sample Harvestor) using glass fiber filters. Filters were allowed to dry overnight; individual
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discs were placed in scintillation vials with 3 mlof ACS (Aqueous Counting Scintillant) and counted
for 2 minutes each in a Tracor scintillation counter. Quadruplicate cpm’s were averaged and dpm’s
were calculated and recorded for all variables.

2.2.7 Aryl-hydrocarbon Hydroxylase {AHH) Activity

A radiometric assay for the quantitation of the rate of metabolism of 3H-benzo(a)pyrene (BP) by
mitogen activated and carcinogen-induced human lymphocytes was used [13]. This assay consists of
a 72-hour mitogen activation using PHA followed by a 24-hour induction using BP and then pulsing
with 3H-BP and measurement of the rate of production of metabolites of 3H-BP. The water soluble
metabolites are extracted and quantitated every 2 houwrs (0, 2, 4, 6, 8 hours after the addition of
3H-BP). AHH activity was calculated using a computer estimation of the cell count at each of the
2-hour intervals at which we quantitate the amount of water soluble metabolites of 3H-BP. AHH
activity was expressed as that activity per cell per hour.

2.3 Statistical Methods

Data were computerized and analyzed with standard statistical packages using Sigma 7 and VAX compu-
ters. Student t-test and Wilcoxon Rank sum test comparisons of means (medians): were performed after

examining the results of equal-variance tests. All quoted significance levels are nominal ones for
the particular test performed: no allowance was made for multiple tests. A nominal significance
level greater than 0.05 is recorded as non-significant (NS). Assessment of heritability was accomplished
by a comparison of DZ and MZ intraclass correlation coefficients. A test based on the Fisher Z-
transformation was performed to determine if the intraclass correlation coefficients were different in
MZ and DZ twins. Although some investigators assess the influence of heredity by the heritability
index which compares the intrapair variances of DZ and MZ twins [24] or by twice the difference
between the two intraclass correlation coefficients, these measures are very sensitive to differences in
the total variance between DZ and MZ twins {8].

3. RESULTS

Temporal variability of biomarkers was tested using a paired t-test analysis between the
results from the first and second blood draws. For biomarkers where temporal variation
was not statistically significant and results were not available from the first blood draw,
results from the second blood draw were utilized. For all other cases, tests and estimates
were based on data from the first blood draw only.

The distributions of the blood markers are described in Table 4. The mean, standard
deviation, skewness and kurtosis (coefficient of kurtosis minus 3) are listed for each
marker. In Table 4 not all biomarkers are normally distributed. Significant skewness is
present at P < 0.05 in WBC, % B cells, CEA, IgM, MA and AHH. Kurtosis is significant
at P<0.05 in WBC, MA and SCE.

As presented in Table 5, there is no significant difference in WBC, % T lymphocytes,
suppressor T cells, AHH, CEA, IgM and IgG between the first and second blood draws. Sig-
nificant differences are present between first and second blood draws in % B lympho-
cytes, helper T cells, IgA and mitogen activation.

Possible differences between males and females in the biomarkers studied were tested
using t-tests and Wilcoxon rank sum tests; only t-test results are presented in Table 6,
since both methods yielded essentially the same results. For markers in which the test
for equal variance was significant, a separate variances t-test was performed. Significant
increases in % T lymphocytes, and IgM in females are observed.

The effect of age on the biomarkers studied was tested using a correlation coefficient
(Table 7). None of the correlation coefficients was significant at the 0.05 level. Significant-
ly higher values were found in T-helper (T#) and sister chromatid exchange (SCE) and
lower values were found for the mitogen activation index (MA) informerand current
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Table 4. Distribution of Blood Markers

Biomarker N Mean SD Skewness Kurtosis
WBC 103/mm3 41 7.15 2.8 1.68 P<0.001 2.44 P<0.001
% T-cells 51 66.07 13.1 —0.18  ns -0.45 ns
% B-cells 49 22.60 11.2 0.99 P<0.003 0.45 ns
Ty % 47 23.21 10.7 0.02 ns -138  ns
Ty % 37 43.27 13.1 0.27 ns ~0.43 ns
CEA ng/ml 51 2.65 1.8 0.96 P <0.005 0.85 ns
IgA mg/100 ml 47 192.51 55.2 0.30 ns -032 ns
1gM mg/100 ml 51 144,94 62.2 1.05 P <0.001 1.08  ns
1gG mg/100 ml 51 1325.29 231.6 -0.60  ns -0.34  ns
MA index 49 1.73 1.5 2.72 p<0.001 7.25 P<0.001
SCE (numberper 7.75 18 092  ns 2.94 P<0.010
metaphase) .
AHH activity 45 0.94 0.9 1.36 P<0.001 1.03 ns

Table 5. Temporal Variability of Biomarkers

Biomarker N. tested ;‘::It‘ (lr;vg N. tested S&Z(;Eéidsr;w Paired t-test
WBC 103/mm3 35 6.76 £2.3 41 7.15%+2.8 ns
% T-cells 51 66.07 £ 13.1 43 69.89+7.8 ns
% B-cells 49 22.06 £11.2 43 3092+12.8 P <0.02
T7% 37 22.11%+10.5 41 26.76 £10.7 ns
Ty % 37 4327%13.1 41 3549+122  P<0.01
CEA ng/ml 32 2.14%1.5 40 3.14 2.2 ns
IgA mg/100 ml 47 192.51 £55.2 42 177.81 £52.5 P <0.004
IgM mg/100 ml 47 145.45 +60.3 42 140.81 £54.3 ns
IeG mg/100 ml 47 1332.34 £223.9 42 1301.91 £250.7 ns
M.A. index 49 1.73%1.5 43 7.00 £9.0 P < 0.0005
SCE* (number per

metaphase) 27 7.75+1.8

AHH activity 35 0.86 £0.7 28 1.74 £3.6 ns

* SCE’s were determined on a single blood draw only.
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Table 6. Biomarker Differences Between Males and Females

R Male Female Male vs

Biomarker Mean + SD N) Mean + SD (N) Female
WBC 10/mm 6.77 £2.7 (15) 7.05+2.3 (31) ns
% T-cells 59.63 7.6 amn 69.29 t14.1 34) P <0.003*
% B-cells 24.82 £13.1 an 21.42 £10.0 (32) ns
Ty % 25.60%11.1 (15) 22.09 £10.5 (32) ns
Ty % 39.92+14.1 (13) 45.08 £12.4 24) ns
CEA ng/ml 332%1.9 an 2.31%1.7 (34) ns
IgA mg/100 ml 18133514 (15) 197.75 £56.8 32 ns
igM mg/100 ml 114.82 £29.6 an 160.00 £ 68.9 34) P <0.002*
IgG mg/100 ml 1383.53 £220.8 an 1296.18 £234.6 (34) ns
MA index 1.79 2.2 (17) 1.70 £1.0 32) ns*
SCE (number per 79012 an 7.66 £2.2 (10) ns

metaphase)

AHH activity 0.66 £ 0.5 14) 1.07%1.1 31 ns*

* Separate variance t-test.

Table 7. Effect of Age on Biomarkers

Biomarker Correlation coefficient*
WBC 103/mm3 0.14
% T-cells R 0.24
% B-cells -0.15
Ty % 0.05
Ty % -0.19
CEA ng/ml 0.26
IgA mg/100 ml -0.26
IgM mg/100 ml 0.08
IgG mg/100 ml 0.14
MA index 0.04
SCE (number per metaphase) 0.04
AHH activity 0.08

* None of the correlation coefficients are significant at the 0.05 level.
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smokers when compared with nonsmokers (Table 8). There were no significant differ-
ences between smokers and nonsmokers in the other biomarkers studied. t-tests (including
separate variance t-tests) and Wilcoxon rank sum tests were performed. Basically, results
of these tests were the same.

The intraclass correlation model was utilized to evaluate heritability of blood markers
{Table 9). For markers having statistically significant skewness or kurtosis (distributions
of biomarkers are shown in Table 3), data were transformed by taking logarithms. For
% B cells, CEA, IgM, and AHH activity skewness and/or kurtosis were reduced on taking
logarithms; hence, the intraclass correlation coefficient analyses were performed on the
transformed data. The intraclass correlation coefficients are not significantly different
between the MZ and DZ twins except for Log(IgM). However, the intraclass correlations
are consistently higher in MZ than in DZ twins, except for levels of Log(B lymphocytes),
T helper and T suppressor cells and sister chromatid exchange.

4. DISCUSSION

4.1 Humoral Immune Measurements — Immunoglobulins-and CEA

The distributions of IgA, IgM, and IgG were tested for skewness and kurtosis without
regard to zygosity. [gM was found to have significant skewness but neither IgA nor IgG
were significant with regard to these distribution factors. Females were found to have
significantly higher levels of IgM than males. This result is similar to that of Mandeville et
al [17]. Intraclass correlations for IgA, IgM, and IgG were all higher for MZ twins but
only in the case  of Log (IgM) was the difference in the correlations statistically signi-
ficant. These findings support the concept that a genetic component may be responsible
for the phenotypic expression of serum immunoglobulins. Our findings are similar to
those of other investigators [17]. The distribution of CEA in our sample showed significant
skewness but no kurtosis. The intraclass correlation was moderately high (r = 0.81) in
MZ pairs and low (r=—0.003) in DZ pairs. The intrapair variance ratio (22.0) is high and
suggests a genetic influence in the distribution of CEA (Table 10).

4.2 Cellular Immune Measurements

Total T-lymphocytes, B-lymphocytes, T.y and T#-lymphocytes were tested for skewness
and kurtosis. Only the distribution of B-cells was found to be significantly skewed. There
was no kurtosis in the distributions of any of the cell subpopulations tested. Based on
the intrapair variance, none of the lymphocyte subpopulations were influenced by a
strong genetic component.

The distribution of mitogen activation values was significantly and positively skewed.
Although the intraclass correlations for DZ and MZ twins were close and not significantly
different, the intrapair variance ratio was very large (75.00) (Table 10).

4.3 Sister Chromatid Exchange

Intraclass correlation of SCE was slightly but not significantly higher in DZ than MZ
twins. Other investigators [2,26,31] have also failed to find a genetic influence in the
frequency of SCE. The intrapair variance ratio between DZ and MZ pairs was 94.65
(Table 10). These findings do not strongly support the case for genetic influence.

There was no association between the frequency of SCE and age in the present study.
Several other studies have also failed to find an association with age [4,12,14]. However,
Waksvik and associates [31] in a study of 21 like-sexed twin pairs, 11 MZ and 10 DZ, did
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Table 8. Effect of Smoking on Blood Markers

. Smoking Ever smoked Never smoked

Biomarker Ever vs Never Mean £SD (N) Mean £SD N
WBC 103/mm3 ns 7.6713.2 (13) 6.68 2.1 33)
% T-cell ns 64.38 £ 16.4 (15) 66.77 £11.7 (36)
% B-cells ns 216088 (15 23.04 £12.2 (34)
Ty % ns 26.13£10.5 (15) 21.84 £10.7 (32)
Ty % P <0.029 53.83 £16.5 (6) 41.23 £11.5 31
CEA ng/ml ns 3.26 £2.3 (15) 2.39%1.5 (36)
IgA mg/100 ml ns 173.87£55.9 (15) 201.25 £53.4 (32)
IgM mg/100 ml ns 124.40 £52.7 1% 153.50t64.5 (36)
IgG mg/100 ml ns 1265.33 £242.7 15) 1350.28 £225.6 (36)
MA index P <0.030* 1.25 £0.1 (13) 1960 £1.7 (36)
SCE (numberper (10 9.18£2.2 (8) 714 %13 (19)

metaphase)
AHH Activity ns 0.85+0.8 (15) 099 1.0 30
* Separate variances test.
Table 9. The Intraclass Correlation Coefficient Model

Biomarker Intraclass correlation Comparison of intraclass
MZ twins DZ twins correlation coefficients

WBC 103/mm3 0.59 0.54 ns
% T-cells 0.47 0.22 ns
Log (% B-cells) 0.45 0.54 ns
Ty % 0.72 0.79 ns
Ty % 0.48 0.56 ns
Log (CEA ng/ml) 0.81 -0.003 ns
IgA mg/100 ml 0.49 0.44 ns
Log (IgM mg/100 ml) 0.95 0.46 p<0.0214
IgG mg/100 mi 0.77 0.75 ns
MA index 0.82 0.71 ns
SCE (number per

metaphase) 0.44 0.66 ns
Log (AHH activity) 0.85 0.59 ns.
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Table 11. SCE Exchanges in Chromosome Groups: Comparison of Smokers and Nonsmokers

Chromosome Smokers Nonsmokers ¢ value t-test
group Mean +SD Mean +SD significance level
Al 0.94+.3 0.60%.2 3.40 0.001
A2 0814 0803 0.07 ns
A3 0733 0513 1.83 0.05
A 248%.8 1925 2.33 0.01
B 153t 4 097+4 3.50 0.001
C 3619 3.18% .8 1.19 ns
D 0.88%.9 0.65+.2 1.00 ns
E 045%.2 0.33%.2 1.50 ns
F 0.11x.1 0.05%.1 2.00 0.05
G 0.06 £.1 0.02+.0 2.00 0.05
TOTAL 9.181£2.2 7.14%1.3 3.04 0.01

find a significant difference in SCE frequency when their subjects were divided into 9
pairs older than 56 and 12 pairs younger than 40.

Our data show no SCE frequency difference between males and females. Similar
results have been found by other investigators [12,14,31]. The frequency of SCE per
chromosome was found by us as well as others [14,20] to be proportional to the length
of the chromosome.

Smoking is positively associated with frequency of SCE per metaphase in the present
study as well as those of others [13-15,31]. A new finding from our study is the specificity
of the association of smoking on certain groups of chromosomes. Chromosome group
data are summarized in Table 11. In smokers, SCE were significantly elevated in chromo-
some groups A-1, A-3, A, B, F and G. Other chromosome groups (A-2, C, D, and E) were
also elevated in smokers but not to a statistically significant level.

44 AHH

The difference in the intralcass correlation of AHH inducibility between MZ and DZ
twins was not significant. This does not confirm previous reports [1,3]. Also, it must be
noted that the intrapair variance ratio of 0.83 indicates a minimal genetic influence. This
discrepancy might be due to the large variability in AHH levels of inducibility.

4.5 Data Set
Because of the limited sample size for this study, results will need to be replicated.
Recruiting a large sample of twins and performing the biomarkers carried out in this

study are difficult tasks. The data for the 26 twin pairs of this study will be made available
to researchers who wish to pool these data with data from similar studies.

5. CONCLUSION

Statistical tests suggest a genetic influence on immunoglobulins and CEA. There was no
suggestion of genetic influence of SCE, mitogen activation and lymphocyte subpopu-
lations. A noteworthy finding was the specificity of smoking on particular chromosome
groups. These results need to be replicated in view of the limited size of the sample.
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