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 Previous immunological studies targeting cystic echinococcosis infection have focused 
mainly on the dominating Th2 cell response to benefit parasite growth and 
development. However, the status of the adaptive immune cells and their contributions 
to E. granulosus cyst progression remains inadequately understood, especially in 
sensitized hosts. The aim of the present experimental study was to investigate the local 
immunohistochemical patterns of T cell subsets, T-helper 1 (Th1), T-helper 2(Th2), T 
regulatory (Treg.) and T cytotoxic (CD8) in sensitized (immunized using hydatid cyst 
fluid antigen) and unsensitized animals (control) infected with E. granulosus larval 
stages using specific markers (STAT4, GATA3, FOXP3 and CD8) respectively. 
Significantly higher expression levels were recorded with STAT4 and CD8 in lesions 
related to sensitized group than control group, which showed very low expression 
(95.07±2.71 and 59.73 ±2.91 vs. 1.36 ±0.49 and 0.64 ± 0.42 respectively, P< 0.0001). 
On the contrary GATA3 showed significantly lower values in sensitized vs.  
unsensitized control (39.83 ±2.02 and 77.94 ±6.63 respectively, P< 0.0001). Therefore 
inhibition of the larval cestodes progression might be through inflammatory and 
cytotoxic effect related to Th1 & CD8 rather than B cell dependent pathway that is 
usually established through Th2. These results perhaps signify the reduction of 
tolerance response induced by Th2 in immunized group. Our study strongly conceived 
the importance of the inflammatory and cytotoxic subset of T cell population in the 
protective mechanism against hydatid infection following vaccination. Consequently, 
this data may help to develop new therapeutic and/or prophylactic strategies for this 
serious infection.  

 
INTRODUCTION 

 
Cystic echinococcosis or hydatid disease is a parasitic disease caused by infection with the larval stage of 

Echinococcus granulosus. It is one of the most widespread zoonotic diseases in humans in both developing and 
developed countries (Hotez et al. 2012). The larval parasitic stage may physically damage infected organs in 
addition to the risk of either spontaneous or accidental rupture that may end fatally or lead to spreading (Vuitton, 
2004; Pan et al. 2013). Hydatid cyst is associated with the formation of two main layers; the cyst-derived 
acellular  laminated layer and the host fibrous capsule which play a part in protection of the parasitic stage  
against immune attacks (Slais and  Vanek, 1980 and Richards et al. 1983). Rigano et al. (1999) reported that, 
the parasite progress and the subsequent clinical outcomes depend mainly on the activated subset of T cell, Th1 
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or Th2 cells. It is reported that, in early phase of echinococcosis, the Th1 mediates a protective immunity against 
the parasite and helps to eliminate the larval stage. While later the Th2 subset promotes the humoral immune 
response and develops into dominating type to benefit parasite outgrowth (Amri et al. 2009; Boutennoune et al. 
2011; Pan et al. 2013; Nono et al. 2014). Chronic inflammation is associated with alternatively activated 
macrophages by Th2 cytokines which result in transformation of hepatic stellate cells (HSCs) and fibrosis 
(Hinguchi and Gores, 2003). In addition, the documented imbalance of Th1/Th2 which is evidenced in many 
studies may plays an  important role in promoting the immunopathogenic change of this disease, accompanied 
by secretion of particular cytokines such as IFN-𝛾𝛾 and IL-4 under the control of particular transcription factors 
(Rogan, 1998; Rigan'o et al. 2004; Daneshvar et al. 2009).  

Signal transducer and activator of transcription (STATs) are DNA-binding transcription factors that induce 
the transcription of their target genes by recognizing specific DNA consensus sequences. STATs family proteins 
have essential roles in transmitting many cytokine-mediated signals and thereby have similarly crucial roles in 
Th cell differentiation (Levy and Darnell, 2002; Zhu et al. 2010). STAT4 is effective predominantly in 
promoting Th1 cell differentiation (Uemura et al. 2010; Kang et al. 2013). Whereas, GATA3 is a pivotal 
transcription factor involved in the development of Th2 cells (Lundi et al. 2004; Mardis, 2008; Tuomela et al. 
2009). On the other hand, FOXP3 is a master regulator in the development and function of regulatory T cells 
(Babu et al. 2005). In  addition to cytotoxic T cell which is known as cytotoxic T lymphocyte, cytolytic T cell, 
CD8+ T- cells or killer T cell that reported to have damaging activity against microorganisms (Hivroz et al. 
2012). Yet, in echinococcosis the status of adaptive immune cells and their contributions to cyst progression 
remains inadequately understood. Also the type of immune cells which are believed to be linked with 
pathogenicity of E. granulosus infection in immunized hosts has not been demonstrated clearly, specifically in 
sensitized hosts (Pan et al. 2013). Therefore, the present experimental study aimed to investigate the local 
immunohistochemical pattern of T cells population, T-helper 1 (Th1), T-helper 2(Th2), T regulatory (T reg.) and 
T cytotoxic in sensitized (immunized) and unsensitized animals (control) infected with E. granulosus larval 
stages using specific markers namely STAT4, GATA3, Foxp3 and CD8 respectively and to identify the 
dominating type of T cells in the study groups.  

 
MATERIALS AND METHODS 

 
Preparation of hydatid antigen: 

Echinococcus granulosus hydatid cyst fluid (sensu stricto, ex-G1 genotype) was kindly provided and 
processed by Dr. Mohamed Zaki Badr, Department of Molecular Biology, Medical Research Center, Faculty of 
Medicine, Ain Shams University, Egypt. Hydatid cyst fluid was subjected to 3 cycles of freeze/thaw using liquid 
nitrogen followed by thawing at 42°C. The suspension was mixed with four volumes of PBS, PH 7.4, containing 
sodium azide at 0.1 mg/ml. then the mixture was sonicated in a 170 W ultrasonic for 3x15 sec  pulses (on ice) at 
a high output setting.  This step was continued until no intact protoscolices were visible. The sample was then 
centrifuged for 30 min at 10, 000 g, filtered through membrane filter 0.22 um pore size and stored at -20°C until 
used (Dada and Belino, 1981; Hashemitabar et al. 2007). Protein concentration of prepared sample was 
determined as described by Bradford (1976) to be 100µg/ml.  

 
Immunization and experimental infection: 

Twenty rabbits (2.5-3Kg, 2 months age) were randomly allocated to 2 groups of 10 rabbits/each; sensitized 
group (infected sensitized) and a control group (infected unsensitized). For sensitization in group 1, each animal 
was subcutaneously injected in the back with a 1 ml dose of the crude antigen (100 μg disbanded in 1 ml of PBS 
and emulsified in an equivalent volume of Freund's complete adjuvant). Animals were boosted 2 times, at 3 
weeks interval with the same preparation challenge (Leynadier et al. 1980). Immunized animals were infected 
10 days after the last immunization following 12 hours of starvation. As described by Lightowlers et al. (1999), 
10 gravid segments of E. granulosus in PBS were introduced in to the oral cavity of each animal using a syringe 
which was rinsed by 20 ml water to ensure the transfer of the same dose of infection for each animal. Gravid 
segments were kindly provided from Parasitology Department, Faculty of Zoology, Cairo University (collected 
from laboratory bred infected bubbies). Rabbits were slaughtered 4 months after infection and their internal 
organs were carefully examined for hydatid cysts. Paraffin blocks were prepared for further analysis by 
immunohistochemical examination of tissue samples.  

 
Immunohistochemical assay: 

Tissue sections of 3-4 μm thickness were prepared and stained with Haematoxylin and Eosin as described 
by Prophet et al. (1992). Tissue sections were located onto an adhesive-coated glass slides. For 
immunohistochemical examination deparaffinization and rehydration steps were done for the sections, and then 
epitope retrieval was performed using the Tris-EDTA buffer to unmask calcium ions covered tissue. The slides 
were incubated for 10 min. in buffer then washed twice. Ultravision Protein Block (TA-xxx-PBQ) was applied 
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and incubated for 5 min. to block nonspecific background staining. Primary antibodies for the individual 
markers (STAT4, GATA3, Foxp3 and CD8) followed by secondary antibodies were applied. Biotinylated goat 
anti-polyvalent was then used and incubated for 10 min. After each step the sections were washed four times in 
phosphate-buffered saline (PBS). One or two drops of 3,3' Diaminobenzidine DAB Chromagen were added to 
1ml of DAB substrate, mixed by swirling and applied to the tissues, which were then incubated for 10 min (All 
chemicals were supplied from Biological, P.O Box 261, Swampscott, Massachusetts, USA).  

 
Data analysis by Real time Quantitative Morphocytometry: 

The pathological and morphometric analysis was performed using the Leica Qwin 500 Image Analyzer 
(LEICA Imaging Systems Ltd, Cambridge, England). Each slide was observed with a light microscope at x100 
and x200 magnification. Ten fields were randomly selected in each round and their optical densities were 
measured. Area percentage of each marker was measured in ten fields as well on a real- time image from the 
microscope.  

 
Statistical analysis: 

All data comparisons were tested for significance using one-way analysis of variance. SPSS soft- ware, 
version 17.0 (SPSS, Inc., Chicago, IL, USA) was used to perform statistical analyses. P<0.05 was considered to 
indicate a statistically significant difference.  

 
Ethical considerations:  

The experimental animal studies were managed in accordance with international valid guidelines and they 
were maintained under convenient conditions at the animal house in the National Research Center.  

 
Results:  

In control unsensitized group, hydatid cystic lesions were detected in all animals included in the group with 
intact morphological features and scolices. In sensitized group, cysts were detected in 5 out of 10 animals 
included in this group. The detected hydatid cysts were less in number and smaller in size compared to those 
detected in the control group (unpublished data). Area percentage of each marker (GATA3, STAT4, FOXP3 & 
CD8) used to localize the cellular patterns of T-cell population is presented in (table 1). GATA3 showed a 
statistically significant high expression level in un-sensitized control group versus sensitized group (77.94 +6.63 
and 39.83 ±2.02 respectively) (P-value <0.0001). FOXP3 was also significantly higher in unsensitized control 
versus sensitized group (75.90 ±6.55 and 46.06 ±4.63 respectively) (P-value <0.0001) as shown in table (1) & 
figure (1 A & 1B). STAT4 and CD8 markers showed significantly very weak expression in un-sensitized control 
group versus high expression levels in sensitized group (1.36 ±0.49 versus 95.07 ±2.71 for STAT4 respectively) 
(P-value <0.0001) and (0.64 ±0.42 and 59.73±2.91 for CD8 respectively) (P-value for both (P-value <0.0001) as 
shown in table (1) & figure (1C & D). Tissue sections from cystic lesions showed intact laminated layers, intact 
cystic cavity and few scattered inflammatory cells in peri-cystic area in unsensitized control group, in addition 
to and negative expression for STAT4 marker (figure 2). GATA3 and FOXP3 were strongly expressed in the 
same group as evidenced by the densely stained huge brown areas detected in tissue sections Figure (3). Tissue 
sections from sensitized group showed disruption of laminated layer and extensive infiltration with 
inflammatory cells (figure 4, 5, 6 and7), with obliteration of the cystic cavities by inflammatory cells (figure 4A 
and 5A) and central necrosis (figure 6A), plus high expression levels of STAT4 (figure 4). Figures (5) to (7) 
show the expression pattern of CD8 and FOXP3 and GATA3 in sensitized group.  

 
Table 1: Means of area percentage values related to different cellular markers in control versus studied groups. 
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Fig. 1: Shows the mean area percentage values in control (unsensitized) & sensitized  groups, A: GATA3 

marker, B: FOXP3 marker, C: CD8 marker & D: STATA4 marker demonstrating significant difference 
between two groups. Difference between two groups was statistically assessed by Mann-Whitney U test, 
P value <0.05 considered significant.   
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Fig. 2: Immunohistochemically, nearly negative expression of STAT4 marker in A (x100) & B (x200) and CD8 

in C (x100) & in D (x200) in group 2 (unsensitized control group). Notice the faint bluish colour of the 
laminated layer (arrows), reflecting the practically absence of positive reactions.  

 

 
 
Fig. 3: Immunohistochemical expression of GATA3 marker in A (x50) & in B (x200), and FOXP3 in both C & 

D (x100) in group 2 (unsensitized control group). Brownish colour reflects the positive expression. 
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Fig. 4: Immunohistochemical expression of STAT4 marker in group 1 (sensitized). Complete central necrosis in 

cystic cavity in A (x50) and B (x200) (black arrows). Notice the disrupted remaining parts of the 
laminated layer (arrow head) infiltrated by inflammatory cells (red arrows) in C (x100) & in D (x400).  

  

 
Fig. 5: Immunohistochemical expression of CD8 in group 1 (sensitized group). Positive reactions are seen with 

obliteration of the cystic cavity (black arrows) and disrupted laminae (arrow head) infiltrated by 
inflammatory cells (red arrows) in A (x50), in B (x100), in C (x200) and in D (x400).  
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Fig. 6: Immunohistochemical expression of  FOXP3 in group 1 (sensitized group). Positive reactions are seen 

with central necrosis (black arrow) in A (x100). B (x200) shows disrupted laminae (arrow heads) 
infiltrated by inflammatory cells( red arrows), also detected in C (x100) and D (x200).  

 

 
Fig. 7: Immunohistochemical expression of GATA3 showing positive weak reactions detected in extensive 

cellular infiltration with disrupted laminae (arrow heads) infiltrated by inflammatory cells (red arrows) 
in A (x50). Also disrupted laminae with inflammatory cells infiltration are noticed in B (x100), in C 
(x200) and in D (x400).  
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Discussion:  
In the present work, rabbits were used as animal models to achieve our objectives. In general rabbits were 

discovered to have primary cystic echinococcosis by Sreekumar et al. (2010) who reported that, Echinococcus 
granulosus cysts have been experimentally developed in smaller animals like mice and rabbits. Earlier, Jenkins 
and Thomson (1995) studied the course of experimental hydatidosis in rabbits. Later on, Kazez et al. (2000) and 
Yetim et al. (2011) used rabbits as experimental models for Echinococcosis granulosus cystic development. 
Concerning the immunological results of our study, the expression of STAT4 was significantly potent in the 
sensitized group with absent or destructed parasitic stages, reflecting a dominating Th1 response. While GATA3 
was strongly expressed in the control group, reflecting the leading role for Th2 response in normally developed 
cystic lesions as previously documented in primary echinococcosis (Nono et al. 2014). Similar results were 
showed by Rodríguez-Sosa et al. (2004), as they demonstrated a critical role of STAT4 for signaling pathway in 
the development of a Th1-type immune response which is essential for mediating protection against the larval 
stage of Cestoda infection. In the same context, Scheerlinck et al. (2001) investigated immunization using Eg95 
antigen against E. granulosus infection. Their results reported modulation of the immune system toward a Th1 
protective response in their tested (immunized group) which in accordance with our findings regardless the type 
of the immunogens. Sakamoto and Cebrera (2003) as well studied the immune response during normal growth 
of unilocular hydatid using immunohistochemical staining and observed that most cases with progressive 
hydatid cysts had relatively small number of Th1-cells in the peri-cystic adventitia. Moreover, Díaz and Allen 
(2007) studied chronicity in parasitic infections among highly divergent animal groups and reported their 
association with polarized cytokine responses, in which the Th2- type was taking the upper hand, with rare to no 
levels of Th1-type. Early Th1-polarized cytokine production can kill the metacestode at the initial stages of 
development, while a shift to a predominant Th2 cytokine response occurs in the later chronic stage of E. 
granulosus infection in favor of parasite survival (Nono et al., 2014). This is perhaps explaining the findings in 
our study, in which the observed cystic lesions were destructed by the increased infiltration of Th1 population in 
sensitized group of animals. While in un-sensitized group, such response was absent, this is in accordance with 
many previous reports concerning primary hydatidosis; that showed the strong Th2-type cytokine responses, 
which is parasite-induced in order to suppress the expression of the harmful Th1-type cytokines for the parasitic 
stages (Rogan, 1989; Bentwich et al. 1999). As a result, Th2 cytokines are responsible for inhibition of parasite 
killing. On the contrary, Th1 is responsible for parasite damage as perceived in our work. Data from this study 
suggested that destruction of the larval stages resulted from, not only cytokines secreted by Th1, but also from T 
cytotoxic activity as the expression of CD8 was significantly higher in sensitized group, while was almost 
absent in control un- sensitized group. To explore the mechanism of killing, Jenkins et al. (1990), 
experimentally found that activated macrophages are involved in the killing of Echinococcus protoscolices. 
Lately, Mourglia-Ettlin et al. (2011) hypothesized that activated natural killer cells could play an important role 
in killing of the parasitic stage through the production of Th1 pro inflammatory cytokine (IFN-γ) that could be 
partially responsible for the activation of resident macrophages inducing their known protoscolicidal activity. 
The immune mechanisms associated with IFN-γ effects seem to be relevant to the development of protective 
immune responses (Dematteis et al. 2003; Al-Qaoud et al. 2008). These reports, once more reinforce our 
observation concerning the bulky cellular infiltration of mono-nuclear inflammatory cells within the disrupted 
layers and cavities of the larval stages. Studying the immunological profile in different stages of hydatid disease 
revealed that parasite survival is always supported by the Th2 lymphocyte polarization of host’s immune system 
(Rigano et al. 2004). Similarly, induction of a Th1 response may lead to protection against successful parasite 
establishment. This can be achieved by vaccination with appropriate parasite antigens using effective 
immunization routes (Al-Qaoud et al. 2008 and Ding et al. 2008). On the other hand, many factors may 
influence the differentiation of CD4 T-cells into Th1 or Th2; those include the balance of cytokines, host‘s level 
of sensitization (Al-Qadhi et al. 2009). The immune modulation towards Th2 caused by the parasite during 
normal growth, in favor to its survival seemed to be hampered in our sensitized group, suggesting the essential 
role of Th1-type responses to abort the infection establishment following vaccination. On the other hand and 
concerning FOXP3 expression in this study, it was significantly lower in the sensitized group than in control 
group. FOXP3, which expresses natural T reg., has been postulated to play a valuable role in the establishment 
of chronic helminthic infection and Th2 responses induction (Babu et al. 2005 and Taylor et al. 2005). T 
regulatory cells can act through several mechanisms as they can suppress different stages of the immune 
response such as T cell expansion, cytokine secretion and cytolytic activity (Weiner, 2001; Von Boehmer, 2005 
and Jackson et al. 2014). These findings provide an insight into tolerance responses in a natural vertebrate 
population a result of vaccination (as shown in this study). Such demonstration may shift effort from infection 
elimination to tolerance through the host’s lifetime which may be more feasible. This emphasizes the need to 
integrate these immunological responses into our understanding of the dynamics and hazard of infection. 
Furthermore, the identification of GATA3 as a marker of tolerance to parasitic infections raises important 
inquiry regarding the role of Th2 responses and the mechanism of such tolerance. Therefore, further more 
manipulative experimental approaches are recommended.  
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Conclusion:  
The present study provides a novel data concerning the local cellular immunological pattern in sensitized 

host against hydatid infection. Inflammatory and cytotoxic effect related to Th1 & CD8 are seemed of great role 
in killing of the larval cestodes in immunized hosts, and perhaps imply reduction of tolerance response induced 
by Th2 in immunized group. Therefore, our study strongly conceived the importance of the inflammatory and 
cytotoxic subset of T cell population in the protective mechanism against hydatid infection following 
vaccination. Also illumination of immune cell profile may help to develop new therapeutic and prophylactic 
strategies for this serious infection.  
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