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Heat shock protein70 associated with lymphatic filariasis (LF) has been identified from a cattle filarial parasite Setaria digitata. A 
heat shock protein was detected in different life stages of Setaria digitata when exposed to an elevated temperature of 44°C. A combi-
nation of ATP-agarose column chromatography and electro-elution was used for its purification from adult female extract. On closer 
examination, it migrated as a single band at 62 kDa on 10% SDS-PAGE. These observations suggest a plausible biological connection 
of ScHSP70 with the disease and its strong immunogenic nature. ScHSP70 showed antigenic cross-reactivity with IgG class of anti-
body in different categories of filarial sera. However, when IgG subclasses were tested, IgG4 showed high specificity and sensitivity 
with symptomatic microfilaraemic sera.

Introduction
In recent years numerous approaches have been employed for 

the identification of new diagnostic markers. Proteomics tech-
nologies offer unique chances to identify new candidate mark-
ers. Diagnostic markers for diseases like African trypanosomiasis, 
tuberculosis, cancer etc. have identified [1-3]. There is a constant 
need for new diagnostic markers with improved sensitivity and 
specificity for the screening of debilitating and dreadful diseases. 
Filariasis is a neglected tropical disease caused by parasitic worms 
called filariae. These are microscopic roundworms that dwell in 
the blood and tissues of humans, which are transmitted to humans 

by mosquitoes. The most important filarial diseases for humans 
are lymphatic filariasis, in which the adult worms are found in the 
lymphatic system. The lymphatic form of filariasis will be the focus 
of the site. Lymphatic filariasis is also referred to sometimes as “el-
ephantiasis”. Elephantiasis is actually an extreme clinical feature of 
filariasis. The painful and profoundly disfiguring visible the painful 
and profoundly disfiguring visible manifestations of the disease, 
lymphoedema, elephantiasis and scrotal swelling occur later in life 
and can lead to permanent disability. These patients are not only 
physically disabled, but suffer mental, social and financial losses 
contributing to stigma and poverty. In 2018, 893 million people in 
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49 countries were living in areas that require preventive chemo-
therapy to stop the spread of infection. The global baseline esti-
mate of people affected by lymphatic filariasis was 25 million men 
with hydrocele and over 15 million people with lymphoedema. At 
least 36 million people remain with these chronic disease manifes-
tations [4] eliminating lymphatic filariasis can prevent. The painful 
and profoundly disfiguring visible Eliminating lymphatic filariasis 
can prevent unnecessary suffering and contribute to the reduction 
of poverty. Despite as researches on lymphatic filariasis continue, 
the focuses are on prevalence, treatment, prevention, transmis-
sion cycles, and even new species. However, current information 
on lymphatic filariasis is not complete, and further researches are 
still needed.

This fact actualizes that the effective initiatives like Mass Drug 
Administration (MDA) of DEC to an ‘at risk population’ needs a 
thorough screening at an early stage of the disease. The most in-
triguing and common sub-clinical condition of LF is the asymp-
tomatic microfilaraemic individuals. It remains a major concern 
for the immune parasitologists due to lack of signs of the disease. 
In such incertitude and to successfully eliminate LF by the year 
2020, there is an urgent need to design and develop an accurate 
test for the early diagnosis of LF [5]. Hence, to identify novel candi-
dates which can be exploited as possible markers in immunodiag-
nostic appears essential. Heat shock proteins (HSP) were discov-
ered to be produced due to their increased expression in response 
to cellular aberrations such as elevated temperature, heavy metals 
and oxidative stress. Hence, to identify novel candidates which can 
be exploited as possible markers in immunodiagnosis appears es-
sential. Heat shock proteins (HSP) were discovered to be produced 
due to their increased expression in response to cellular aberra-
tions such as elevated temperature, heavy metals and oxidative 
stress. They are organized into their molecular size or function 
that includes HSP100, HSP90, HSP70, HSP60, HSP40 and small 
HSPs [6]. The most abundant and highly conserved HSPs are the 
HSP70 family members [8]. They are known to perform a range of 
vital cellular functions under stressed as well as in normal condi-
tions to maintain the intracellular integrity and in adaptation and 
survival of the parasite within the hostile environment [7,8]. The 
fact that filarial parasite in its life cycle undergoes an inevitable 
thermal shift during migration between poikilothermic mosquito 
vectors and homeothermic vertebrate hosts. This shift results in 
producing a significant heat shock response to which the parasite 

counteracts to protect itself from aberrant conditions [8]. HSPs, as 
known to play an essential role in chaperon in functions are also 
being explored in recent times for their role in immune response.

Materials and Methods
Screening of HSPs in S. digitaita and somatic extract prepara-
tion.

Adult motile filarial parasite Setaria digitata were collected 
from the abdominal cavity of cattle (Bos indicus) from the local 
slaughter house of Thiruvananthapuram Corporation, Kerala. Adult 
female worms were used in this study because of larger in size than 
male and were incubated at 44°C for 3h in KRB buffer. Somatic 
extract (10%) was prepared by homogenizing adult worms in 50 
mM phosphate buffer, pH 7.0 and centrifuged at 12,000×g for 30 
minutes at 4°C. This supernatant was used as heat shocked adult 
female extract (hsAFE). The somatic extract of S. digitaita microfi-
lariae (mf), exposed to 44°C was prepared according to the method 
described elsewhere [9]. Briefly, mf were subjected for sonication 
using ultrasonicator with a cycle of 30s sonication at 20KC for 10 
minutes followed by 30s intervals in ice cold 50 mM PBS. The resul-
tant was then centrifuged at 12,000×g for 30 minutes at 4°C. The 
clear supernatant was used as heat shocked mf extract (hsMFE). 
Adult female worms and its mf incubated at 37°C, processed as de-
scribed above were treated as control.

Purification of ScHSP70

ScHSP70 was purified using ATP-agarose column chromatog-
raphy as described by Menoret [10] followed by electro-elution. 
Briefly, somatic extract of adult female S. digitaita was prepared in 
homogenization buffer (20 mM Tris-acetate, 1 mM PMSF, pH 7.5) 
and was loaded on to ATP-agarose column (Sigma, 1 mL gel bed) 
pre-equilibrated with buffer A (20 mM Tris-acetate, 20 mM NaCl, 
15 mM-mercapto ethanol and 3 mMMgCl2, pH 7.5). After the col-
umn was washed with buffer A and subsequently with 0.5M NaCl in 
buffer A, HSPs were eluted with 3 mM ATP in buffer A. Protein mi-
grated in SDS-PAGE having mol. wt. 62 kDa was excised and further 
purified by electro-elution using 50 mM phosphate buffer, pH 7.5.

Protein estimation and SDS-PAGE

Protein concentration was measured according to the dye bind-
ing method using bovine serum albumin as standard protein [11]. 
SDS-PAGE was performed under non-reducing conditions [12] and 
protein bands were visualized by Coomassie stain. Pre-stained mo-
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lecular weight markers (Sigma-Aldrich) were used for the estima-
tion of subunit mass of purified ScHSP70.

Antigenic cross-reactivity of ScHSP70 with W. bancrofti infect-
ed human sera

Antigenic cross-reactivity between purified ScHSP70 and vari-
ous categories of W. bancrofti infected human sera was assessed 
using ELISA [13,14]. Briefly, 96-well micro plate (NUNC, USA) was 
coated with 100 micro liters of ScHSP70 (200 ng/well for IgG and 
IgG subclass assays). Different categories of filarial sera were used 
as primary antibody (1:100) and peroxidase conjugated anti hu-
man IgG (1:5000) or IgG1 and IgG4 (1:1000) as secondary anti-
body (Sigma-Aldrich). Color was developed using 0.05% o-phen-
ylenediamine (Sigma-Aldrich) as the substrate. Absorbance was 
measured at 490 nm. Immuno blotting was performed as described 
by Lunde., et al [15]. Briefly, ScHSP70 was separated by SDS-PAGE, 
transferred onto nitrocellulose membrane (Sigma-Aldrich) and cut 
into strips. The strips were incubated with 1:100 diluted filarial 
sera (primary antibody) and subsequently with (secondary anti-
body) peroxidase conjugated anti-human IgG (1:5000) or IgG1 and 
IgG4 (1:1000) (Sigma-Aldrich). Protein bands were visualized us-
ing Di amino benzidine (Sigma-Aldrich) as the substrate.

Selection of cases and collection of human sera

Individuals were interviewed and examined for evidence of 
clinical filariasis (lymphoedema or elephantiasis). Microfilariae 
were detected by microscopic examination (MOTIC-B1 DMWB 
series, Germany) of stained thick blood films (100 micro liters) 
collected by finger prick method. Individuals were classified into 
three clinical groups as follows: persons with lymphoedema were 
considered to have clinical filariasis or chronic infection (CH). 
None of the CH patients studied had microfilaraemia. Persons with 
microfilaraemia with no history or current evidence of lymphoe-
dema were considered as microfilaraemics (MF). Endemic normal 
individuals (EN) were amicrofilaraemic and had no past history 
or current evidence of lymphoedema. Non-endemic normal, Asca-
riasis and Leishmaniasis (non-filarial) sera were kindly gifted by 
Filarial control unit of Nagercoil, Kanyakumari (Dist), Tamilnadu.

Statistical analysis

Mean, standard deviation and statistical significance were cal-
culated using SPSS 10.0 version. Statistical significance was deter-
mined using Student’s t-test and p value ≤ 0.005 was considered 
significant. Experiments were performed in triplicate and the re-

sults indicated are mean values unless otherwise mentioned.

Results
Screening of heat shock proteins in S. digitaita 

SDS-PAGE of adult and microfilariae somatic extract revealed a 
significant difference between control and heat shocked worm ex-
tract. Interestingly, SDS-PAGE of both adult and mf extract afterheat 
shock showed four prominent protein bands of mol. wt. 123, 62, 51 
and 32 kDa which were either absent or very weak in case of con-
trol extract (Figure 1). Rests of the protein bands were very weak 
or almost invisible in heat shock extract.

Recognition of S. digitaita antigens by IgG immunoblotting

Immunoblotting was performed to study the antigenic crossre-
activityof S. digitaita antigens with W.bancrofti infected filarial hu-
man sera. Immunoblotting revealed a picture of potential S.digitata 
antigens, cross-reacting with various categories of filarialhuman 
sera. Interestingly, out of the 4 prominent proteinsof hsAFE, only 2 
proteins having the molecular mass 123 and 62 kDa showed cross-
reactivity with EN and MF sera respectively (Figure 2).

Citation: Jayakumar K., et al. “Identification of Heat Shock Protein70 in Setaria digitata and its Evaluation as Diagnostic Marker for Lymphatic Filariasis". 
Acta Scientific Pharmaceutical Sciences 4.9 (2020): 15-22.

Figure 1: Screening and purification of heat shock proteins in 
S. digitata by 10% SDS-PAGE.

(i) Pre-stained mol. wt. marker, (ii) control adult female extract 
(AFE) and (iii) heatshocked adult female extract (hsAFE).
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Figure 2: IgG immunoblotting of hsAFE with different catego-
ries of W. bancrofti infected human sera (The arrow indicates 

the position of 62 kDa protein).

Purification of ScHSP70

ScHSP70 was purified to homogeneity using ATP-agarose col-
umn chromatography and electro-elution. After the column chro-
matography, SDS-PAGE revealed 3 protein bands. However, a single 
band of mol. wt. 62kDa was revealed after electro-elution (Figure 
3).

Antigenic cross-reactivity of purified ScHSP70 with 

W.bancrofti infected human sera 

Antigenic efficacy of purified ScHSP70 against W. bancrofti in-
fected filarial human sera was evaluated using ELISA and immu-
noblotting. ELISA showed a similar pattern of antigenic crossreac-
tivity with different categories of filarial sera when studied for IgG 
(data not shown), IgG1 and IgG4 response. Reactivity with differ-
ent categories of sera was in the order of EN < CH < MF while the-
reactivity with NEN, Ascariasis and Leishmaniasis/Kala-azar were 
found to be insignificant. However, cross-reactivity of ScHSP70 
with MF sera remained exceedingly high when compared to other 
sera (both filarial and non-filarial) with IgG as well as IgG1 and 

Figure 3: (i) Pre-stained mol. wt. marker, (ii) proteins eluted 
from ATP-agarose column chromatography and (iii) purified 

ScHSP70 after electro-elution.

IgG4. The statistical analysis showed that the antigenic crossreac-
tivity of ScHSP70 with MF sera was more significant and specific 
with IgG4 subclass in comparison to other sera (Figure 4A and 4B). 
Results obtained were found to be statistically significant (p value ≤ 
0.005) when compared with non-endemic normal. The IgG4 immu-
noblotting of ScHSP70 with MF sera further explicates the specific 
antigenic cross-reactivity (Figure 5).

Discussion
HSPs, under physiological conditions are found as the intracel-

lular proteins originally recognized due to their intense expression 
in response to elevated temperature, inflammation, irradiation, ox-
idizing agents, heavy metal ions and anoxia [16-22]. It was shown 
that the people who worked at high temperatures had a greater lev-
el of circulating HSP70 than who worked at normal temperatures 
[23]. This study has raised a possibility that HSP70 might be pro-
duced in response to heat or the development of heat shock [24]. 
Here, in our study too, the same result was imitated. Adult S.digitata 
and its mf, when exposed to higher temperature, expressed higher 
levels of four prominent proteins of molecular mass 123, 62, 51 and 
32 kDa, suggesting that these proteins might be critically required 
by the parasite for its survival under stress conditions. Out of the 
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Figure 4: (a) and (b) Antigenic cross-reactivity of purified 
ScHSP70 with different categories of W. bancrofti infected 

human sera and non-filarial human sera via ELISA (a) IgG1 
response and (b) IgG4 response. No. of sera used, n = 43. EN: 

Endemic Normal; MF: Asymptomatic Microfilaraemic; CH: 
Chronic; NEN: Non-Endemic Normal; Asc: Ascariasis; Les: 

Leishmaniasis (Kala-azar).**p value ≤ 0.005 was considered as 
significantly different.

four, 62 kDa protein showed strong antigenic cross-reactivity ex-
clusively with MF sera in immunoblotting. It appears that the ex-
pression of these proteins is develop mentally regulated as micro-
filarial stage also showed similar pattern after the heat shock. It 
has been already studied that the heat shock response enables the 
parasite to sustain in the hostile environment [25]. In Drosophila 
also, a close correlation was observed between induction of HSPs 
and its tolerance to high temperature where HSP70 was involve-
din tolerance to extreme temperature [26]. ScHSP70 was purified 
to homogenecity using ATP-agarose affinity chromatography and 
electro-elution. The protein migrated as asingle band of 62 kDa in 
SDS-PAGE. It was reported that the HSP70 family consists a num-
ber of highly conserved proteins which rangein size from 60 to 78 
kDa [6,25]. Binding of ScHSP70 to ATP-agarose column speculates 
that this protein might possess ATPase activity and belongs to HSP 

family. Similar protocol was followed forthe purification of HSP70 
from plants like Narcissus pseudo period on to pathogenic bacteria 
like Porphyromonas gingivalis, Actinobacillus actinomycetemcomi-
tans and bacteroides forsythus and recombinant and endogenous 
HSP70 s [27,28]. 

Antigenic cross-reactivity of ScHSP70 with W. bancrofti infected 
filarial human sera was evaluated using ELISA and immunoblotting 
assay. Many earlier studies using S. digitaita antigens have shown 
cross reactivity between the heterologous parasites [14,29,30-34]. 
These observations suggest that a protein homologous to S. digita-
ita HSP70 is also expressed by W. bancrofti and is thus exploited as 
a diagnostic marker in the screening of human lymphatic filariasis. 
It was reported that parasitic HSP70 and HSP90 represents a major 
target of immune response in parasitic infections were reported to 
be immune dominant antigens of the infecting organisms such as 
B. malayi, L. donovani, O. volvulus, S. mansoni, T. cruzi, P. falciparum 
etc [35]. The antigenic cross-reactivity with heterologous antigens 
is common in many tropical diseases, but the degree of specificity 
describes the suitability of such an antigen in detecting the disease 
by immunological methods [36]. Using techniques of diagnostic 
potential, such as ELISA and Western blotting circulating parasite 
antigens have been detected both in human and animal filariasis 
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Figure 5: IgG4 immunoblotting of purified ScHSP70 with  
different categories of W.bancrofti infectedhuman sera.
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[38] by polyclonal anti sera. ScHSP70 pronounced a typical IgG re-
sponse against W. bancrofti infected human sera. This depicts that 
ScHSP70 like antigen is exposed to the host immune system at ev-
ery life stage of the parasite and sufficient levels of antibodies are 
also developed in the host. Filarial HSP70 is highly immunogenic 
as reported in case of B. malayi and Onchocerca volvulus [13,14]. 
The low specificity of ScHSP70 with IgG was improved significant-
ly by employing IgG subclasses. It was reported in some earlier 
studies that the IgG4 levels have been associated with active infec-
tion in other helminthes infections such as filariasis and Oncho-
cerciasis [39-41]. ScHSP70 showed high specificity towards IgG4 
response with MF sera. A lucid demarcation of IgG4 response was 
observed not only when compared to the other sera (filarial and 
non-filarial) but also with IgG1 and IgG responses. This shows that 
the antibodies produced are more specific towards IgG4 which can 
be an indicator for the detection of asymptomatic microfilaraemic 
individuals. This is further substantiated when IgG4 response was 
studied using immune blotting that showed a stringent antigenic 
cross-reactivity with MF sera. As asymptomatic micro filaraemic 
stage is considered as one of the bottlenecks in the global elimina-
tion of LF, ScHSP70 can be promising agent for immune diagnosis. 
Also, due to unavailability of W. bancrofti and B. malayi, the bovine 
filarial parasite, S. digitaita can be a good source for heterologous 
antigens that can be explored as possible candidates for diagnosis, 
chemotherapy and vaccines. 

Conclusion
We have shown that proteomic analysis is very useful in char-

acterizing ScHSP70 as a disease-associated protein, although pro-
teomics was performed in a small cohort. The results obtained in 
this study is promising, but further studies on recombinant ex-
pression are needed to determine its diagnostic accuracy in the 
immunodiagnostic of lymphatic filariasis in an endemic area. This 
study also opens a possibility to explore heat shock proteins for 
their use in the diagnosis of other helminthes.
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