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ABSTRACT

Background: In India, there are many unauthorized stone
quarries in which millions of workers exposed to crystal-
line silica dust. Silica dust is the most significant causative
agent for the irreversible but preventable disease like silico-
sis. It is an unavoidable occupational disease among mining
population. Silicosis, silicotuberculosis, chronic bronchitis,
Chronic Obstructive Pulmonary Disease (COPD) and lung
cancer are reported in long term occupational exposure to
silica dust. Early health care is the key to silicosis preven-
tion, but until now no effective indicators of early health care
is developed.

Objectives: The present study was performed on stone
quarry workers for the evaluation of protein fractions by
SDS-PAGE electrophoresis.

Materials and Methods: For this study, Stone quarry
(n=30) workers were selected from the Panchgaon- kuhifa-

INTRODUCTION

Each year 17 million workers face respiratory problems due
to inhalation of Respirable Crystalline Silica (RCS). Due to
poor reporting and uncertain number of exposed individuals,
information on the exact number of persons with silicosis is
limited. About 10 millions of workers in India are at the risk of
Silica dust exposure. Reliable statistical data is not available
but there are many industries were exposure to silica dust is
known to exist.

Approximately 83% of stone quarry workers are exposed to
the respirable silica particles due to different occupations.
Similarly, more than one lakh workers encountered high risk
of silica dust exposure through mining operation. A sizable
proportion of workers have high exposure to respirable silica
dust during crushing, blasting, drilling, tunnelling in the stone
quarries [1, 2].

Chemically mine dust contains many minerals including Silica,
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ta located in central India as experimental subjects with an
exposure of 0-35 years. For comparison, control subjects
(n=20) belonging to the same socio-economic status and
age group were selected. Blood samples were collected.
Separated serum samples were used for SDS-PAGE.

Results: The molecular mass of differentially expressed
protein was determined by log graph method which was
found to be 10 kDa. Remarkably 90% expression of 10 kDa
protein were observed in control subjects but no such ex-
pression were determined in serum of stone quarry work-
ers.

Conclusions: The loss of expression of targeted (10 kDa)
protein in stone quarry workers may be used as a potential
peripheral marker for early silica toxicity.
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Manganese, Iron, Aluminium and other trace elements but
the most prevalent among these, is Silica, which is present
almost 70% of the earth crust. Silica is the most common
occupational hazardous toxicant for the workers. In 1996 In-
ternational Agency for Research on Cancer (IARC) classified
silica as carcinogen to human beings [3]. Respirable Crystal-
line Silica (RCS) reduces the lungs ability to extract oxygen
from the air [3] and thus leads to many respiratory diseases
such as silicosis, silicotuberculosis and Chronic Obstructive
Pulmonary Disease (COPD) [4].

Research was carried out on several biomarkers of silico-
sis. Protein biomarkers with high molecular mass includes
Elastase, Angiotensin Converting Enzyme (ACE), KL-6 (Krebs
von den Lungen-6), Tumour Necrosis Factor (TNF), Ym pro-
tein, HO-1, apoptotic protein (caspase, Fas/FaslL) and Heat
Shock Proteins 10 (HSP-10), Interleukine 1b- converting
Enzyme (ICE), Calcium binding proteins, Clara cell protein
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(CC16), neopterin as low molecular mass proteins.

Proteomics strategies were used to identify disease-specific
protein markers that could provide the basis for the devel-
opment for new diagnosis methodologies and early disease
detection by differential expression of proteins. The present
study aims to focus on the evaluation of protein biomarkers
among silica exposed workers from stone quarries for pre-
diagnosis of diseases.

MATERIALS AND METHODS

The stone quarries from the Panchgaon-kuhifata located in
central India were selected for the study.

Inclusion Criteria

Stone quarry (n=30) workers were selected for this study be-
longing to the age group 20-60 years and their duration of
exposure in the stone quarry were from 0-35 years. For com-
parison control subjects (n=20) belonging to the same socio-
economic status and age group were selected.

Exclusion Criteria
From experimental populations workers working in stone
quarry from two-three months were excluded.

A standard questionnaire including health status, family his-
tory, dietary habits and duration of exposure were filled and
consent form was signed. Blood samples were collected and
serum was separated and stored at -40°C.

The samples were distributed in seven groups according to
years of exposure of experimental subjects [group | (1-5),
group Il (6-10), group Il (11-15), group IV (16-20), group V
(21-25), group VI (26-30) and group VII (31-35)].

Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophore-
sis: SDS-PAGE is a versatile and noteworthy technique widely
used for protein separation based on their molecular mass
and charges [5]. In this study protein fractions were studied
by SDS-PAGE due to its importance in the resolution of serum
proteins. The purpose of performing SDS-PAGE was to find
a differential expression of proteins among experimental and
control subjects.

The standard protein markers were procured from GeNei (Cat.
No.-105975). SDS-PAGE was done on a discontinuous verti-
cal thick-layer with a resolving gel of 5% acrylamide in Tris-
HCI buffer at pH 6.7 and a separating gel of 10% acrylamide
in Tris-HCI buffer at pH 8.9. The current used for resolving
gel and for separating gel were 25 mA and 30 mA respec-
tively. Serum sample and markers were mixed separately with
sample buffer, containing 4% SDS, 2% 2-mercaptoethanol,
glycerol, 0.02% bromophenol blue (tracking dye), and 0.01
M Tris-HCI buffer at pH 6.8. The mixtures were heated in a
boiling water bath for 3 minutes to denature the proteins. Se-

National Journal of Laboratory Medicine. 2013 April, Vol-2(1): 8-11

Lucky R. Thakkar et al., Protein Expression in Stone Quarry Workers ..I

rum samples (40 ug per lane) were loaded in each well. After
electrophoresis, the gel was stained with 0.05% Coomassie
Brilliant Blue R-250 stain which was then destained and fixed
by using fixative [6]. The Relative Migration Distance (Rf) was
determined using Gel image analyser software and molecular
mass of the differentially expressed protein was determined
using log graph method.

STATISTICAL ANALYSIS

Statistical analysis was done by using Graph-pad software.
Mean + SD value was calculated. Student’s “t” test was used
to calculate the significance between Experimental and Con-
trol subjects.

RESULTS

The average age among experimental subjects was 31.3
years while in control subjects it was 30.3 years. The aver-
age duration of exposure in stone quarry among experimen-
tal subjects was 9.5 years. The average smokers were found
42.8% among experimental subjects and 40% in control sub-
jects while 78.5% population were alcoholic in case of experi-
mental subjects and 60% were in control subjects.

The BMI was calculated for both experimental and con-
trol subjects. Experimental subjects as compared to control
showed 60% population were underweight, while 40% were
normal. This may be due to their dietary habits as they belong
to Below Poverty Line (BPL) or may be due to family history.

The molecular mass of unknown protein was determined by
captivating standard molecular mass markers as reference
as shown in [Table/Fig-1]. A standard curve for log molecular
mass versus relative migration distance (Rf), was generated
using the Precision Plus Protein standards as shown in [Table/
Fig-2]. The strong linear relationship (R2 > 0.959) between the
proteins molecular mass versus relative migration distance,
demonstrates exceptional reliability in predicting differentially
expressed proteins molecular mass [7].

The molecular mass of the differentially expressed protein was
calculated by using the formula:

y = -2.0355x + 2.3661 (equation generated from log graph)
x = Rf of differentially expressed Protein = 0.67 cm

By putting the value of x in above formula,

y =-1.0025

Molecular Mass = antilog10y = antilog10-1.0025 = 10 kDa

Molecular Mass of differentially expressed protein = 10 kDa
[Table/Fig-1] and [Table/Fig-2].

M1 : Lysozyme (14.3 kDa) Marker
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[Table/Fig-1]: SDS-PAGE Gel: Expression of Targeted protein

(10kDa) in control group.
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[Table/Fig-2]: Molecular Weight determination of targeted protein.

A result showed molecular mass of differentially expressed
protein was 10 kDa. Loss of 10 kDa protein fractions was
observed in Experimental subjects; on the contrary these
proteins were normally expressed in control group. The re-
sults on the repeated performance of this experiment showed
complete absence (100%) of differentially expressed protein
amongst experimental subjects, while expression of same
protein was not observed in 10% of control subjects. Remain-
ing 90% control samples showed remarkable expression of
the same protein.

DISCUSSION

Several biomarkers were studied for the silica exposed work-
ers. An elevated level of HSP10 and ICE was reported in silica
exposed workers at the same time decreased levels of CC16
were documented by Bernald et al., [8] HSP 10 is a regulatory
protein, synthesized in the body to protect from stress condi-
tions, which act as an anti-autoimmunity protein helps from
the protection of silico-toxicity. ICE is a cytoplasmic cysteine
protease, up-regulated by silica particles, plays a key role of
modulation of apoptosis. It is a heterodimer of 20-kDa and
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10-kDa form.

Results obtained from the SDS-PAGE showed differentially
expressed protein in control and exposed population. Silica
exposed population showed loss of 10 kDa proteins in ex-
perimental population. Significantly reduced levels of CC16
were reported in silica exposed workers. CC16 protein is a
homodimer consisting of 70 amino acid subunits, has mo-
lecular weight 15.8 kDa. The protein was previously referred
as CC10 because of underestimation by SDS electrophoresis
[8]. It is potentially immunosuppressive protein, which pro-
tects the bronchioles from tissue injury caused by activation
of the immune system. Our data implies absence of differ-
entially expressed proteins in 100% of experimental subjects
and expression of protein in those workers (100%) who were
excluded from experimental subjects.The molecular mass of
differentially expressed protein resembles with molecular mass
of CC (16). There are two mechanisms by which the con-
centration of CC16 gets decreased. Primarily silica particles
directly damages to Clara cells and decreases its secretion
and secondly by Clara cell get directly damaged by activated
macrophages (which engulfs silica particles), by releasing cy-
totoxic mediators [9-11]. From this study it can be predicted
that, the protein bands which were absent in the experimental
subjects but present in control subjects may be CC 16.

CONCLUSION

In silica-exposed workers some proteins may be change in
response to silica and these changes may be used to dis-
tinguish silica-exposed populations from the control with
the proper discriminate analytical method. The differentially
expressed protein having molecular mass 10kDa, may be
Clara cell 16, as it has been reported in previous studies that
decreased level of this protein have been estimated in silica
exposed workers. On the contrary HSP10 and ICE were re-
ported for elevated levels in exposed workers which were not
expressed in SDS-PAGE in stone quarry workers.

The finding of protein loss amongst experimental subjects
may be used as a biomarker of early toxicity of the lungs’ tis-
sue and also in the pre-detection of diseases associated with
silica dust exposure.

REFERENCES

[1] Saiyed HN, Chatterjee BB. Rapid progression of silicosis in slate
pencil workers- A follow up the study”. Am J Ind Med. 1985; 8:
135-42.

[2] Saiyed HN, Ghodasara NB, Satwara NG, Patel GC, Parikh DJ,
et al. Kashyap SK. Dustiness, Silicosis and Tuberculosis in small
scale Pottery Workers. Indian J Med Res. 1995; 102: 138-42.

[3] The Official Statement of American Thoracic Society, Medical
section of the American Lung association. Adverse effects of
crystalline silica exposure. Am J Respir Crit Care Med. 1997;
155: 761-68.

National Journal of Laboratory Medicine. 2013 April, Vol-2(1): 8-11



l . . www.njlm.jcdr.net Lucky R. Thakkar et al., Protein Expression in Stone Quarry Workers ..I

[4] Kane F. The campaign to end silicosis. Job. Safety Health Q. [9] Shi X, Dalal NS, Hu XN, Vallyathan V. The chemical properties of

1997; 8: 16-9. silica particle surface in relation to silica cell interactions. J Toxicol
[5] Shapirio AL, Vinuela E, Maizel JV. Molecular weight estimation Environ Health. 1989; 27:435-54.

of polypeptide chain by electrophoresis in SDS-Polyacrylamyde [10] Wiessner JH, Mandel NS, Sohnle PG, Hasegawa A, Mandel GS.

gels. Biochem Biophys Res Commun. 1967; 28: 815-20. The effect of chemical modification of quartz surfaces on partic-
[6] Weber K, Osborn M. Reliability of molecular weight determina- ulate-induced pulmonary inflammation and fibrosis in the mouse.

tion by dodecyl sulphate polyacrylamide gel electrophoresis. J Am Rev Respir Dis. 1990; 141: 111-16.

Biol Chem. 1969; 244: 4406-12. [11] Mechanism of Clara Cell. (http://en.wikipedia.org/wiki/Clara_
[7] Hames BD, Rickwood D. Gel Electrophoresis of Proteins: A cell).

Practical Approach. 2" ed. Oxford University Press, New York.

1990.

[8] Bernard AM, Dumont X, Roels H, et al. The molecular mass and
concentrations of protein 1 or Clara cell protein in biological flu-
ids: a reappraisal. Clin Chim Acta. 1993; 223: 189-91.

AUTHOR(S): NAME, ADDRESS, E-MAIL ID OF THE

1. Lucky R. Thakkar CORRESPONDING AUTHOR:

2. Dr. Shubhangi K. Pingle Lucky R. Thakkar,

3. Dr. Rajani G. Tumane M.Sc (Biotechnology) Student,

4. Dr. Pravin N. Soni Amar Seva’s Mandal, Kamla Nehru Mahavidyalaya

Nagpur- 440009, India

PARTICULARS OF CONTRIBUTORS: Ph: 9960340692

1. M.Sc (Biotechnology) Student, Amar Seva’s Mandal, Email: luckythakkar20@gmail.com
Kamla Nehru Mahavidyalaya, India.

2. Research Officer, National Institute of Miners’ Health, FINANCIAL OR OTHER COMPETING INTERESTS:
JNARDDC Campus, Wadi, Nagpur, India. None.

3. Senior Scientific Assistant, National Institute of Miners’
. 0 Date of Submission: Oct 09, 2012
Health, INARDDC Campus, Wao!|, Nagpur., India. Date of Peer Review: Jan 28, 2013
4. Jr. Research Fellow, National Institute of Miners’ Date of Acceptance: Feb 10, 2013
Health, INARDDC Campus, Wadi, Nagpur, India. Date of Publishing: Apr 15 2013

National Journal of Laboratory Medicine. 2013 April, Vol-2(1): 8-11



