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ABSTRACT

Several host genes proven to contribute to ac-
tive tuberculosis (TB) and some of the localized ma-
jor susceptibility loci, which influence lung cancer
(LC) risk, are of considerable scientific interest, but
do not confer high enough risk to be clinically rel-
evant. Assuming that these diseases are genetically
controlled, we hypothesized that retreat from opti-
mal homozygosity level, as well as a changed vari-
ability among the patients, could be the population-
genetic parameter for prediction of illness. We per-
formed a homozygous-recessive-characters (HRCs)
test based analysis of the presence, distribution and
individual combination of 23 selected genetically-
controlled morpho-physiological traits in groups of
LC patients, patients with pulmonary TB and healthy
control subjects. This study showed: i) a statistically
significant difference of the middle values of genetic
homozygosity between both patients groups and the
control group, ii) differences in the type of distribu-
tion, and #ii) differences in the presence of certain
individual combinations of such traits. The frequen-
cy of blood group O was significantly decreased in
the TB group compared to the general population.
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According to their population-genetic structure, LC
patients, TB patients and healthy controls represent
three different groups. The retreat from optimal ho-
mozygosity level towards decrease that we found in
both LC and TB patients support the influence of a
dominant factor in development of these diseases.
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INTRODUCTION

Lung cancer (LC) is the most frequent type of
cancer in men [1]. Despite therapeutic possibilities,
this devastating disease remains the leading cause
of cancer death in the world with more than 1.2 mil-
lion new cases diagnosed every year [2]. Its etiology
has been mentioned as an example of ecogenetics in
oncology with tobacco smoking as the major risk
factor [3]. Lung cancer is an etiologically complex
disease in which multiple genes are involved in the
pathogenesis via different pathways [4,5]. Some of
the major susceptibility loci which influence LC
risk have been localized [5-10]. Such susceptibil-
ity genes are of considerable scientific interest, but
do not confer high enough risks to be clinically rel-
evant [6].

Tuberculosis (TB), an infectious disease caused
by Mycobacterium tuberculosis complex, was de-
clared a global emergency in 1993 and is still a
problem due to the increasing number of immune-
deficient persons in the world and the development
of multi-drug resistant TB [11,12]. It is estimated
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that one-third of the world population is infected
with TB bacillus [11,12]. Often the antibodies pres-
ent in the human organism are strong enough to
prevent the establishment of the disease. Although
a variety of studies have suggested that host genetic
factors may be a key to determining susceptibility/
resistance to M. tuberculosis, those that have as-
sessed variants of the natural resistance-associated
macrophage protein 1 gene (NRAMPI) and their
association with TB in humans have yielded con-
flicting results [13-19]. It is likely that NRAMP1
polymorphisms may be associated with progression
to severe forms of pulmonary TB rather than with
susceptibility to M. tuberculosis infection [18,19].
Recent findings suggest that persons carrying the
monocyte chemo-attractant protein-1 (MCP-1) gen-
otype GG produce high concentrations of MCP-1,
which inhibits production of IL-12p40 in response
to M. tuberculosis and increases the likelihood that
M. tuberculosis infection will progress to active pul-
monary TB [20]. Thus, despite the known infectious
cause, the etiology of TB remains complex, and
several host genes have been shown to contribute
to the development of clinical disease [19,21,22].
Our previous population-genetic research indicated
a possible role for a dominant factor influence in
TB [17]. Although the molecular basis of genetic
predisposition to pulmonary TB in adults remains
largely elusive, a genome-wide linkage study pro-
vided direct molecular evidence that the genetic
component involves at least one major locus with
a dominant susceptibility allele [21]. Genes which
are involved in susceptibility to TB include: 12q14,
2q35, 15q11-q13 (OMIM numbers 607948, 607949,
300259), and 8q12-q13 [23].

In population-genetic investigations, a great
number of morpho-physiological characters serve as
genetic markers. /ndividual variation is a phenome-
non, which can easily be noticed when we carefully
observe the same species of organisms. Thus, hu-
man populations vary in regard to face shape, skin
pigmentation, height, hair color, blood types as well
as functions and abilities. Some of these characters
are expressed in a recessive or dominant type and
are called qualitative traits [24]. Thus, blue eyes are
a recessive trait, brown eyes are a dominant one,
and inability to recognize the bitter taste of phenyl-
thio-carbamide (PTC), left-handedness and fixed ear
lobe are recessive traits. We applied this method to
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estimate the proportion of a variety of homozygous-
recessive characters (HRCs) tests in two groups of
patients with respiratory diseases and in a healthy
control group.

We hypothesized that there is a difference in
the population-genetic structure of LC patients,
patients who develop active pulmonary TB and
healthy controls. Our aims were a) to analyze and
compare the population-genetic structure of these
three groups using a number of qualitative morpho-
physiological traits; b) to evaluate the degree of ge-
netic homozygosity in these three groups according
to the frequency of homozygous-recessive traits; ¢)
to investigate the frequency of independent genetic
determinants such as the ABO blood type in these
three groups.

MATERIAL AND METHODS

Study Group. We studied 100 LC patients, 50
pulmonary TB patients and 50 healthy non sibling
controls matched in sex, age and smoking habits. All
diagnoses were established at the Clinical Centre of
Serbia Institute of Lung Diseases and Tuberculosis
in Belgrade, Serbia. Diagnosis of LC was based on
histological examination of the tissue obtained dur-
ing bronchoscopy, by fine needle aspiration biopsy
or open lung biopsy. Pulmonary TB was confirmed
by positive results of sputum culture on Lowen-
stein-Jenssen medium and/or by histology. Control
group consisted of spouses/partners of patients or
employees of the Institute of Lung Diseases and
Tuberculosis in Belgrade, Serbia, with 20 or more
years exposure at the working place, who had not
developed TB or LC by the time of the study.

Methods. Establishing genetic homozygosity
in humans is a very delicate assignment, because we
know only a small number of loci with allelogenes
that determine an exact biochemical process [25].
Knowing the type of inheritance and variability we
can see that series of morpho-physiological traits are
under control of one small number of genes. Some
homozygously-recessive traits of the head and neck
region are: straight, soft hair and blond hair (OMIM
numbers 139450 and 210750), inability to roll, fold
and curve the tongue (OMIM number 189300), in-
sensitivity to PTC (gene location 7q35-q36, OMIM
number 607751), color blindness (gene location
Xq28, OMIM number 303800), while the others are
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clearly expressed in human arms and legs like hand
clasping pattern, left handedness (gene location
2p12-g22, OMIM number 139900), distal or proxi-
mal hyper-extensibility of the thumb, index finger
shorter than the ring finger (OMIM number 136100),
and so on [23]. Some of the traits are still a matter
of intensive research such as blue eyes, previously
found gene location 19p13.1-q13.11 (OMIM num-
ber 227240) and newly discovered at the 15q13.1 as
the predominant region involved in human iris color
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[26]. Using this information, several authors of Bel-
grade population-genetic studies have studied the
distribution and frequency of a series of extremely
expressed recessive traits to estimate individual and
group differences, i.e., comparison between ill and
healthy individuals, pupils with special needs, car-
riers of different blood types, members of different
ethnic groups, etc. [25,27-31].

We examined a total of 23 specific HRCs (list-
ed in Table 1), characterized by Marinkovic et al.

Table 1. Comparison of frequencies of homozygously recessive traits between two groups of patients: affected by
LC, affected by TB, and control (healthy persons) (23 recessive alleles).

LC Affected = hre/23 =3.86£025 1y (100 | LC (=100): | TB (n=50): LC: LC: TB:
TB Affected - thC/_23 = 612028 Controls (n=50) | TB (n=50) Controls (n=50) Controls TB Controls
Controls — yhre/23 = 7.06+0.26

Homozygous Recessive Trait 12 12 12 Fst Fst Fst
Blond hair 1.50 2.66 0.11 0.0026 0.0050 0.0004
Soft hair 4.00° 1.00 0.60 0.0302¢ 0.0123 0.0040
Straight hair 1.30 0.03 0.89 0.0163 0.0019 0.0050
Even scalp 0.94 2.11 0.19 0.0037 0.0086 0.0017
Light skin 9.30° 0.69 4.00 0.0635¢ 0.0144 0.0153
Attached earlobe 12.25¢ 0.33 21.30¢ 0.0531° 0.0000 0.0530°
Ear without Darwin’s lump 0.25 0.25 0.00 0.0016 0.0016 0.0000
Narrow nostrils 40.50¢ 32.00¢ 0.10 0.0531° 0.0445 0.0004
Blue eyes 0.33 0.07 0.75 0.0100 0.0016 0.0036
Hyperextensibility of the arm joint 0.05 1.14 0.64 0.026 0.0123 0.0036
Pectus carinatum 1.00 1.00 1.00 0.0752¢ 0.1111 0.0060
Notability of tongue rolling 0.00 1.00 2.00 0.1363¢ 0.0023¢ 0.1100¢
i‘ﬁtﬁlbgﬂity of transverse tongue 4.26° 0.04 3.26 0.0176 0.0001 | 0.0150
I;}’?tt’;ls‘g of recognizing the bitter 376 376 0.00 0.0122 00122 | 0.0000
Color blindness 2.00 2.00 0.00 0.0752¢ 0.0752 0.0000
Left handedness 4.50° 4.50 0.00 0.0087 0.0087¢ 0.0000
Speech disabilities 0.20 5.00° 16.00¢ 0.0040 0.0696 0.0370¢
Thumb distal hyperextensibility 1.28 0.16 2.66 0.0180 0.0010° 0.0004
E;(I))Zir:l)?tle?slillr:ilﬁti/om 8.00° 1.00 25.00¢ 0.2048 0.0752 | 0.1090¢
Index finger longer than 4th finger? 33.90° 1.23 17.00° 0.1406° 0.0144¢ 0.0680°
Eﬁ;ﬂfﬁ;ﬁ;ﬁ the hand middle 0.20 0.72 1.80 0.0026 0.0215 0.0110
Right thumb over left thumb 1.96 3.52 0.17 0.0083 0.0151* 0.0004
Three strings in the wrist 0.11 0.44 0.10 0.0018 0.0053 0.0009
X2 131.59¢ 64.69¢ 97.57¢ — - -

@p <0.05;°p <0.01; ° p <0.001; ¢ in males, opposite in females.
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[27,28], in each subject from the three groups. The
study was approved by the Ethics Committee of the
Clinical Centre of Serbia, Belgrade, Serbia, and its
purpose was described to all the individuals in the
three groups. Ability to recognize the bitter taste of
PTC was tested following original instructions of
Harris and Kalmus [32] and the color-blindness test
was performed according to Ishihara [33].

Statistics. We used a combination of %2 test,
Turkey’s test, non parametric variance analysis,
two-by-two x2 tabs, equal proportion test, and
Wahlund’s variance — the inter-population fixation
index (F ), in a stepwise manner. Recessive allele
frequencies (q) were determined according to the
formula: ¢ =VR/N (R = number of the individuals
with recessive character; N = number of individuals
in population). Wahlund’s variance (F ) was
determined according to the formula: F_ = (qi —
q")*q’(1-q’) (qi = the frequency of the i-allele in the
group; q’= average frequency of the allele).

RESULTS

We found significant difference in average
number of the HRCs between controls and each
of the patients groups, with decreased number in
the patients (LC = 5.86 £ 0.25; TB = 6.12 £ 0.28;
control = 7.06 £ 0.26), the total cumulative y2 dif-

ference (p <0.001) and frequency distribution (p
= 0.0027). The list and degree of the significance
found for each of the studied HRCs in patients and
controls are shown in the Table 1. The table also
illustrates the values of the interpopulation fixation
index (Fst) in the frequency trend of the recessive
phenotypes in the analyzed groups. The particular
analysis suggests that the both patients’ groups rep-
resent different samples when compared to healthy
controls. The difference is more expressed in LC
patients, whose retreat toward lower degrees of ho-
mozygosity is more evident. The two patient groups
also differ between themselves, but the difference is
not significant in terms of the majority of the param-
eters investigated. Turkey’s test and non paramet-
ric variance analysis confirmed this (t . ., =2.47, p
<0.05;t.,.=3.35,p<0.01;t . .=0.63,p>0.05).
The HRCs frequencies in the three analyzed groups
are shown in Figure 1. Homozygous-recessive char-
acters frequency variation ranged from three tol0
in TB patients, from two to 11 in LC patients, and
from three to 12 in controls. The frequency distribu-
tion is shown in Figure 2.

The frequencies of ABO blood types in the group
of LC patients were similar to the average propor-
tion in the Serbian population, while the frequency
of blood type O was significantly decreased in the
TB patients group (p <0.05). In this latter group, the

H Controls

OPTBPts OLCPts

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Figure 1. Recessive allele frequency in the pulmonary tuberculosis (PTB) patients, lung cancer (LC) patients and healthy controls.

The recessive alleles (1-23) are listed in Table 1.
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Figure 2. Frequency distribution of 23 HRCs in pulmonary TB (PTB) patients, lung cancer (LC) patients and controls. Controls:

PTB p <0.05, p = 0.0027; Controls: LC p <0.01; PTB: LC p >0.05.

proportion of blood type B was increased, but not
significantly (Figure 3).

DISCUSSION

This study showed a statistically significant dif-
ference of the middle values of genetic homozygos-
ity, differences in the type of distribution and of the
presence of certain individual combinations of such
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traits. Significantly decreased HRC number in both
patients’ groups could be a manifestation of their de-
creased degree of homozygosity and might support
dominant factor influence in predisposition to TB and
to LC. While the molecular genetic research on Mo-
roccan multiplex families supports this for TB [21], a
new research on MDM2 promoter polymorphisms as
associated risk for LC showed contradiction to pre-
vious reports [8]. The results of our study, together

OA
EHO
OB
] AB

PTB Pts

LC Pts

General population

Figure 3. The frequency of blood type O was significantly decreased in the TB patients group compared to the general population

of Serbia (p <0.05).
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with previous research based on the same methodol-
ogy, show that any retreat from optimal homozygos-
ity degree, whether decrease or increase, points to the
possibility of changed genetic-physiological organ-
ism homeostasis and its altered reaction norm that
leads to illness [17,25,27-31]. Namely, apart from
LC and TB, decreased homozygousity was found in
asthma, acute appendicitis, while increased homozy-
gosity level has been shown in diabetes mellitus,
congenital hip dislocation and Balkan endemic neph-
ropathy, to mention just a few [17,25,27-31]. Recent
direct molecular evidence that TB involves a genetic
component of at least one major locus with a domi-
nant susceptibility allele, also support our findings
[21]. While in the mentioned study, a decrease of
logarithm of the odds (LOD) score for TB was found
in the 19p12 gene location, previously connected
to blue eye color, a new research of a Dutch group
indicated that 15q13.1 was the predominant region
involved in human iris color [26]. This latter could
bring a new light to our earlier finding that eye color
and hair color in TB patients have a characteristic ex-
pression and independent inheritance, which might
make closer the particular genome region respon-
sible for TB susceptibility [17]. The new eye color
location also correlates with the finding of a locus
at 15q11-q13 (OMIM number 300259) for suscep-
tibility to TB. Only interdisciplinary approach could
make it possible to put into connection eye color-re-
lated findings aimed to improve forensic analysis to
the important field of susceptibility to TB. Similarly,
while epidemiologic and clinical studies connected
TB with diabetes mellitus long ago, susceptibility re-
gions at 2q34-2q36.2 have been associated with TB
and diabetes mellitus [23].

We found significantly decreased O blood type
in TB patients. Numerous studies have shown the
frequency of ABO blood types differ in groups of pa-
tients or subjects [13,17,28]. We assume that certain
connection between a predisposition to TB and some
of the ABO blood types exists, and this is in correla-
tion with the previous findings [14,17]. Our study on
associated diseases showed significantly decreased
number of palatal tonsillectomies in both LC and TB
patients, increased the average age at tonsillectomy
in LC patients compared to controls, and decreased
frequency of allergic diseases in the LC group [34].
Both the mentioned results on independent genetic
markers in LC and TB need further investigation

50

with a larger sample size and multi center multi dis-
ciplinary research.

There were possible limitations in our study such
as the list and number of chosen HRCs and their cor-
rect identification in the examined persons. The list
of traits was developed as the result of the experi-
ences of the authors of the HRCs test in its previous
application in several other studies [27-31]. Since
23 homo-recessive traits were analyzed in each in-
dividual, both in patients groups and controls, this
multiplied the total number of tested traits to 4,600
in total, and influenced the statistical power of the
test. Thus, even a smaller number of patients and
controls would be sufficient in this kind of investi-
gation. When it comes to possible errors generated
by subjectively different identification of the traits, it
has been taken to a minimum having only one person
to detect them in all the examinees.

Although enormous efforts to find out a single
dominant factor both in LC and TB have been done,
especially during the last decade, it is more probable
that not a single gene but a pleiotropic effect of few
(many) plays a role in development of these diseases.
The results of our study, according to i) HRCs av-
erage number, i) gene allele frequencies, iii) total
cumulative y2 difference, and iv) frequency distribu-
tion, showed that both patients’ groups present dif-
ferent samples when compared to healthy controls,
according to their population-genetic structure. That
means that persons in these groups may give a differ-
ent response to similar environmental agents when
compared to healthy ones. The population-genetic
approach in this comparative analysis may serve as
paradigm of successful cooperation between clini-
cians, epidemiologists and laboratory scientists in the
pursuit of the understanding of cancer etiology and
predisposition, and susceptibility to TB in humans.
The described methodology can be used in further
improved analyses, with hope that it can be applied
in as an early prognosis for susceptibility to a variety
of diseases.
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