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Introduction                                                               

Cancer is a leading cause of death all over the 
world, and the number of cases globally continues 
to increase (Jemal et al., 2011). Most cancers can 
be prevented or cured if detected at an early stage 
and treated. Unfortunately, due to the lack of 
ideal cancer biomarkers for early detection and 
diagnosis, most patients present with advanced-
stage disease at the time of diagnosis, which limits 
the potential for successful treatment (Wagner & 
Srivastava, 2012). 
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THIS STUDY investigates the injection of sterilized xenogeneic placental protein extract 
before challenge with viable Ehrlich tumor cells for enhancement of the immune system. It 

includes the estimation of tumor size, hematological study and determination of CD8, granzyme 
B enzyme and caspase-3 activities, MMP-(2&9) activities and protein fractionation in serum.

Female mice are divided into: G1 is the control group. G2 is the Ehrlich treated group, 
injected with 2.5×105 viable tumor cells/mouse. G3 is vaccinated with xenogeneic placental 
extract (XPE) sterilized using 0.2 micron Millipore filters. G4 is vaccinated with XPE sterilized 
with gamma irradiation at dose level of 2 Gy. G3 and G4 are subdivided into a, b, c and d.

Results demonstrated that subgroups 3a, 3c, 3d, 4a, 4b, 4c and 4d showed significant 
decrease in mean tumor size compared to G2. For lymphocyte count, subgroups 3d, 4b, 4c and 
4d revealed a significant increase compared to G1. Subgroup 4d showed a significant increase 
in both CD8 and granzyme B activities compared to G1. The caspase-3 activity indicated 
significantly in subgroups 4c and 4d compared to G1. Serum MMP-(2&9) activities revealed 
that the 4d subgroup displays the less pronounced band compared to the other groups and to G2. 
Gel electrophoresis showed that Ehrlich protein and placental protein extract were represented 
by four bands detected at 7kDa, between 29kDa and 45kDa, at >67kDa and at >116kDa. 

It could be concluded that vaccination using xenogeneic placental extract targets the 
stimulation of the immune system.

Keywords: Immunotherapy, xenogeneic placental extract (XPE), cytotoxic T lymphocyte, 
granzyme B, Caspase-3.

Tumorigenesis is a multistep process in which 
a succession of genetic alterations, conferring 
some proliferative advantages, causes progressive 
conversion of normal cells into cancer cells 
(Voron et al., 2014). The genetic alterations 
include sustaining proliferative signaling, evading 
growth suppressors, resisting cell death, enabling 
replicative immortality, activating invasion, 
metastasis, inducing angiogenesis, deregulating 
cellular energetics and avoiding immune 
destruction (Hanahan & Weinberg, 2011). 

The metastatic process involves intravasation 
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and extravasation of tumor cells, followed by 
reimplantation of tumor cells, development of 
a new tumor stroma, and neoangiogenesis to 
consolidate a secondary tumor at a distant site 
(Hanahan & Weinberg, 2000). Thus, matrix 
metalloproteinases (MMP) are central to tissue 
invasion by cancer cells, as tumors expand and 
form metastases (Xu et al., 2005).

Common cancer treatments including 
chemotherapy and radiotherapy often cause 
considerable side effects therefore cancer 
immunotherapy has emerged as a promising 
approach for cancer treatment (Kochenderfer & 
Rosenberg, 2013). 

Immunotherapy of cancer takes place through 
cytotoxic T lymphocytes (CTLs) and natural killer 
(NK) cells which work via two main pathways. 
First CTLs expressing ligands of the tumor 
necrosis factor superfamily on their cell surface 
can kill target cells expressing the corresponding 
receptors, whereas NK cells depend mainly on the 
granule-dependent pathway, which is the second 
cell death pathway involving the pore-forming 
protein perforin which allows the delivery 
of  granzymes to the target cell, promoting 
the activation of the family of death-inducing 
proteases (caspases) (Cullen & Martin, 2008). 

Vaccines are synthesized to prepare the 
immune system to encounter cancer, when certain 
common challenges need to be faced, such as 
what antigen and what adjuvant to use, what 
type of immune response to generate and how to 
make it long lasting. Cancer vaccines must defeat 
immune suppression produced by the tumor and 
also must elicit effective long-term memory 
without the potential of causing autoimmunity 
(Finn, 2003).  

The homology between neoplastic tissue and 
the developed placenta can be used to develop 
an approach for eliciting antitumor immunity 
(Zhong et al., 2006). Many proliferative, invasive 
and immune tolerance mechanisms that maintain 
normal human pregnancy are also exploited 
by malignancies to create a nutrient supply 
and evade or edit the host immune response. 
Beside the shared capacity for invading through 
normal tissues, both cancer cells and cells of the 
developed placenta create a microenvironment 
supportive of both immunologic privilege and 
angiogenesis (Holtan et al., 2009). 

This study aims to investigate the efficiency of 
cancer immunotherapy by injection of xenogeneic 
placental protein extract as a vaccine before tumor 
formation to detect its selective cytotoxicity 
toward tumor cells by enabling the animal’s 
immune system to respond against the cancer and 
in turn control or eliminate the cancer. 

Materials and Methods                                               

Experimental animals
Female Swiss albino mice weighing 22-

25g were used. Animals were obtained from the 
animal farm of the Egyptian Holding Company for 
Biological Products and Vaccines; Cairo, Egypt. 

Cell line
Ehrlich ascites tumor cell line was kindly 

gifted from the National Cancer Institute, Cairo 
University.

Radiation source
Irradiation process was performed using 

137Cs irradiation unit, model Gamma cell-40 at 
the National Centre for Radiation Research and 
Technology (NCRRT), Atomic Energy Authority, 
Cairo, Egypt. 

Preparation of the xenogeneic placental protein 
extract

Normal human placenta tissue from full term 
delivery was obtained from delivering woman 
in El-Demerdash hospital, placed on ice for 
transportation.

The placenta was washed in sterile phosphate 
buffered saline (PBS) containing 5% penicillin 
streptomycin mixture. Vascularized placental 
tissue was freshly homogenized with tissue grinder 
and exposed to 4 freeze-thaw cycles alternating 
from liquid nitrogen to 42°C water bath. Cell 
debris was pelleted by centrifugation at 1500g for 
45 min and supernatant was collected. 

Sterilization of the xenogeneic placental protein 
extract

A part of the placental extract was sterilized 
using 0.2 micron Millipore filters (Centricon) in 
order to obtain a fraction having molecular weight 
less than 3 KDa (Lee & Hsu, 2004). The other 
part of the placental extract was sterilized using a 
minimum dose of gamma radiation (2 Gy) which 
is necessary for sterilization without causing 
placental protein degradation (Harrell, 1991).
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Choice of protein concentration
The sterilized placental protein preparation 

dissolved into sterile PBS at a concentration 2, 
4 and 6mg/ml, respectively. Each concentration 
was injected in 10 mice subcutaneously at volume 
100µl/mouse in the right thigh 7 days before 
being sacrificed. Then, spleen samples from the 
three groups were collected. 0.5mg spleen were 
dissected in 10ml media (100 ml of RPMI-1640 
medium, 10ml of fetal calf serum and 1ml of 
antibiotic {streptomysin sulphate equivalent 
to 1gm streptomysin base}) for releasing 
spleenocytic cells, filtered by mish and used as 
effector cells for MTT assay. The results obtained 
indicated that 6mg/ml protein conc. was the best 
protein conc to be used in this study. 

Animal groups
In this study, 255 mice were divided into four 

main groups. First group (G1): is the untreated 
group (control group) (15 mice). Second group 
(G2): is the Ehrlich treated group (contains 120 
mouse divided into eight subgroups, injected with 
2.5×105 viable Ehrlich tumor cells/mouse at the 
same time of challenge of each subgroup of G3 
or G4 and then sacrificed at the same time of each 
subgroup. 

Third group (G3) is vaccinated with 6mg/
ml xenogeneic placental extract sterilized using 
0.2 micron Millipore filters. Fourth group (G4) 
is vaccinated with 6mg/ml xenogeneic placental 
extract sterilized using gamma irradiation                          
at a dose rate of 2 Gy.

Each of the third and fourth group contains 60 
mice and divided into 4 subgroups (a, b, c and d) 
each contains 15 mice.

Groups 3a and 4a immunized once with 6mg/
ml sterilized placental extract and challenged after 
one week with 2.5×105 viable Ehrlich tumor cells/
mouse. Groups 3b and 4b immunized three times 
with one week interval using 6mg/ml sterilized 
placental extract. Groups 3c and 4c immunized 
once with 6mg/ml sterilized placental extract and 
challenged after four weeks with 2.5×105 viable 
Ehrlich tumor cells/mouse. Groups 3d and 4d 
immunized three times with four week interval 
using 6mg/ml sterilized placental extract. 

Sampling
Blood samples were collected from heart 

and drained in 2 tubes; one is EDTA containing 

ependorff for haematological study and the other 
tube for serum separation for caspase 3, CD8, 
granzyme B, metalloproteases tests and protein 
fractionation pattern.

Methods
1)3-(4,5-dimethylthiazole-2-yl)-2,5-dipheny 

ltetrazolium bromide (MTT) viability assay 
was carried out according to Wilson et al. 
(1990) with some modifications. 

2) Measurement of tumor size using caliper, which 
was documented 3 times a week by applying 
the equation described by Nagle et al. (2004). 

3) Lymphocyte count was performed using the 
blood counter 2800 mindray.

4) The activities of CD8, granzyme B (Gr B) and 
caspase-3 were detected in serum using mouse 
(CD8, Gr B or Caspase-3) ELISA kit which 
is a product of WKEA MED SUPPLIES 
Company, China according to Karen et al. 
(2014). 

5) Serum matrix metalloproteinases (MMPs) 
was determined using polyacrylamide gel 
electrophoresis according to Birkedal-Hansen 
& Taylor (1982).

6) Fractionation of placental, Ehrlich and serum 
samples protein were carried out using 
polyacrylamide gel electrophoresis. Protein 
fractionation was quantitatively assessed by 
vertical slap SDS-PAGE according to Wittig 
et al. (2006).

Statistical analysis
Statistical analysis was performed using 

Duncan’s multiple range test in SAS “Statistical 
Analysis System”, 1988.

Results                                                                                    

MTT viability assay
Table 1 shows that The G3 group revealed a 

significant increase in percentage of apoptosis 
compared to the normal group. 

Tumor size
Figure 1 shows that the studied subgroups 

(3a, 3c, 3d, 4a, 4b, 4c and 4d) showed significant 
decreases in mean tumor size each compared to 
Ehrlich treated group (G2).
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TABLE 1. Apoptosis percentage of Ehrlich tumor cells by spleenocytic cells of mice injected with 2mg, 4mg and 
6mg protein concentration.

Groups N GA GB GC

Mean viability±S.D. 58±2.9 53±4.04 48±13.6 32±2.5

% Apoptosis 42 47 52 68
% Change --- 11.9 23.8 62
P1 --- N.S. N.S. 0.01 
P2 N.S. --- N.S. 0.01
P3 N.S. N.S. --- 0.05  
P4 0.01  0.01 0.05 ---

N: Untreated group of mice.                             
GA: Group of mice injected with 2mg placental extract.
GB: Group of mice injected with 4mg placental extract.
GC: Group of mice injected with 6mg placental extract.
(p < 0.01): High significant.
(p < 0.05): Significant.
p1: p < vs. N.       p2: p < vs. GA.       p3: p < vs. GB.          p4: p < vs. GC. 
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Fig. 1. A significant decrease in tumor size (mm3) (p < 0.001) in mice vaccinated with XPE, 10 days after ap-
pearance of tumor compared to Ehrlich G2 group.

 

Lymphocyte count
Figure 2 demonstrates that the 3d, 4b, 4c 

and 4d subgroups showed significant increases 
in percentage of change of lymphocyte count 
compared to G1. In addition, 3d, 4a, 4b, 4c and 
4d subgroups showed significant increases in 
the percentage of  change compared to Ehrlich 
treated (G2) group.

CD8 activity in serum
Figure 3 shows that 4d subgroup showed a 

significant increase in CD8 activity compared 
to the G1, while 4b and 4d subgroups showed 
significant increases compared to Ehrlich 
treated group (G2).

Granzyme B activity in serum
Figure 4 reveals  that 4d subgroup showed 

a significant increase in granzyme B activity 
compared to G1 and G2. 

Caspase-3 activity in serum
Figure 5 shows the significant increase in 

caspase-3 activity for 4c and 4d subgroups 
compared to the G1 and G2 groups.

Serum MMP-(2&9) activities
Figure 6 shows the serum gelatin 

zymography for MMP-(2&9) activity for all the 
studied groups compared to G1 and G2 groups, 
4d subgroup displayed the less pronounced 
band compared to the other studied subgroups 
and to Ehrlich treated group (G2).
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Fig.2. Change percentage of lymphocyte count (cell/ml) in blood of all the studied groups.

Fig. 3. Change percentage of CD8 activity (U/ml) of all studied groups. 

Fig. 4. Change percentage of granzyme B activity (pg/ml) of all studied groups.
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Fig. 6. Gelatin zymography for serum MMP-(2&9) activity (70 & 90KDa) of all studied groups.
Lane 1: Protein marker.                       Lane 2: Standard collagenase (350U/mg).        Lane 3: Serum G1.
Lane 4: Serum G2.                               Lane 5: Serum 3a subgroup.                               Lane 6: Serum 3b subgroup.
Lane 7: Serum 3c subgroup.                Lane 8: Serum 3d subgroup.                               Lane 9: Serum 4a subgroup.
Lane 10: Serum 4b subgroup.             Lane 11: Serum 4c subgroup.                              Lane 12: Serum 4d subgroup.  
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Fig. 5. Change percentage of caspase-3 activity (ng/ml) of all studied groups.

Determination of serum protein fractionation
Figure 7 presents the documented observations 

of the gel electrophoresis for protein fractionation 
in serum, Ehrlich ascites and placental protein 
extract and all the studied groups. In the two 
lanes (Ehrlich ascite protein [lane 2] and placental 
protein extract [lane 3]) similar bands were 
observed, the first band was detected at 7kDa, 
suggesting that it is the Mig-7. A second band 
was observed between 29kDa-45kDa, suggesting 
that it is for trophoblast-derived growth factor. 
A third band was detected >67kDa suggesting it 
is for integrin and a fourth band was observed at 
>116kDa suggesting that it is for the epidermal 
growth factor receptor (EGFR). 

Discussion                                                                    

The homology between neoplastic tissue and 

the developed  placenta can be used to develop an 
approach for eliciting antitumor immunity (Zhong 
et al., 2006). 

On this ground, the current study aims to 
investigate an antitumor xenogeneic placental 
extract sterilized using 0.2 micron Millipore filters 
(Centricon) or gamma irradiation. This extract 
was applied pre-tumor inoculation as a vaccine. 

Initiation of immune responses towards self-
proteins associated with tumor progression is a 
possible therapeutic approach to cancer. While 
administration of syngeneic or allogeneic proteins 
induces poor immune response, it was reported 
that administration of xenogeneic homologous 
proteins are able of eliciting immunity against the 
endogenous self-protein (Zhong et al., 2006). 



83

Egypt. J. Rad. Sci. Applic. 31, No.1 (2018)

TARGETING CANCER IMMUNOTHERAPY THROUGH VACCINATION...

Fig.7. Gel electrophoresis for protein fractionation in serum, Ehrlich ascite and placental protein extract in all the 
studied groups.

Lane 1: SDS PAGE protein marker (6.5-200kDa).   Lane 2: Sample of Ehrlich ascite protein.  
Lane 3: placental protein extract.                                  Lane 4: Serum 3a subgroup.           Lane 5: Serum 3b subgroup.
Lane 6: Serum 3c subgroup.                                         Lane 7: Serum 3d subgroup.           Lane 8: Serum 4a subgroup.
Lane 9: Serum 4b subgroup.                                         Lane 10: Serum 4c subgroup.         Lane 11: Serum 4d subgroup.

Wagner et al. (2015) studied providing of 
placental, umbilical cord, and fetal derived 
endothelial cells for stimulation of an immune 
response in cancer patients. Results showed 
successful utilization of placental endothelial cells 
in induction of anticancer immunity regardless 
of tumor type. Liso et al. (2017) concluded that 
placenta specific 1 (PLAC1) antigens as a specific 
anti-cancer vaccine could induce anti-PLAC1 
antibodies without causing infertility. 

The parameters that were conducted in 
the present study may fulfill the objective of 
enhancement of the immune system as a defensive 
mechanism against tumor inoculation. 

In this work, the placental extract was irradiated 
using a minimum dose of 2Gy which is necessary 
for sterilization  without causing placental protein 
degradation (Lee & Hsu, 2004).

The obtained results clearly reflect the 
efficacy of the prepared xenogeneic placental 
extract vaccine in inhibition of tumor growth to a 
significant extent. 

Lymphocytes are the major carriers of cell-
mediated immune mechanisms, and lymphocyte 
level is an index of cellular immune competence 
(Burnet, 1969). In the present study, the lymphocyte 
count showed significant increases in 3d, 4a, 

4b, 4c and 4d subgroups compared to Ehrlich 
treated groups. CD8+ T lymphocytes are well- 
documented effectors of tumor immunity. There is 
enough evidence on the prognostic significance of 
CD8+ lymphocytes within a tumor or in peripheral 
blood of cancer patients (Characiejus et al., 2011). 

In the present study, CD8+ T lymphocytes 
activity in blood is an indicator of relapse of 
tumor and response to therapy. There is significant 
increases in CD8+ activity in 4b and 4d subgroups 
compared to Ehrlich treated group. On the other 
hand, 4d subgroup showed a significant increase 
in CD8+ T lymphocytes activity compared to G1 
group. 

Effector CTL have the ability to promote 
the apoptotic death of carefully chosen target 
cells, using a combination of granule (perforin/
granzyme)- and receptor (Fas/tumour necrosis 
factor)-mediated mechanisms (Maher & Davies, 
2004).

Kanatani et al. (2011) found that delivery of 
the human pro-apoptotic enzyme GrB to tumor 
cells by yoked hCG has a significant selectivity 
and therapeutic potential for human tumors such 
as ovarian carcinomas.

In the present study, the granzyme B activity 
showed a significant increase in 4d subgroup 
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compared to G1 and G2 groups. Granzyme B 
cleaves its substrates after aspartic acid residues, 
so it is not astonishing that many caspases have 
been suggested to be direct granzyme B substrates 
including caspase-3, -6, -7, -8, -9 and -10 (Darmon 
et al., 1995).

Winter et al. (2001) recognized the significance 
of caspases in prostate cancer progression, they 
examined the expression of three key caspases, 
caspase-1, caspase-3, and caspase-9, in normal and 
malignant human prostates. This study suggests 
that the pattern of caspase-1 and -3 expression in 
prostatic tumors may have prognostic significance 
in disease progression. In the present study, the 
caspase-3 activity showed significant increases 
in 4c and 4d subgroups compared to G1 and G2 
subgroups.

Juuti  et al. (2007) indicated that the increased 
expression of MMP-2 is a sign of poor prognosis in 
cancer of the stomach and  pancreas. Talvensaari-
Mattila et al. (2005) investigated that high MMP-
9 levels in plasma or serum samples showed 
that MMP-9 expression may be associated with 
increased risk of recurrence and poor prognosis in 
prostate carcinoma.

In the present study, the gelatin zymography 
for serum MMP-(2&9) activities (70&90kDa) in 
all the studied groups demonstrated that MMP2 
and MMP9 bands were detected in all the studied 
groups, but with less pronounced bands than that 
in Ehrlich treated group. 4d subgroup displays 
the  least pronounced band compared to the other 
studied groups and to G2 group. 

In the current study, gel electrophoresis for 
protein fractionation in Ehrlich, placental protein 
extract and serum protein of all the studied groups, 
revealed a band at 7kDa, suggesting that it is the 
Mig-7, which is in agreement with Phillips & 
Lindsey (2005) who found Mig-7 in circulating 
tumor cells and tumor tissue (regardless of tissue 
of origin) from more than 200 patients with cancer; 
notably, it was absent from healthy controls.

In the present study, a second band was 
detected between the 29kDa and 45kDa suggesting 
this band is for trophoblast-derived growth factor 
which is a peptide actively expressed in breast 
cancer and is one of the most abundant molecules 
present on trophoblast membranes as reported by 
Bishayee et al. (1984).

Much of the literature regarding cancer 
and integrins has implicated this family of 
adhesion receptors in tumour cell proliferation, 
migration and survival. The role of integrins in 
cell migration and invasion is one of their most 
studied functions in tumour biology. Integrins 
directly bind components of the extracellular 
matrix (ECM) and provide the traction necessary 
for cell motility and invasion (Desgrosellier & 
Cheresh, 2010). 

In the present study, a third band was detected 
>67kDa suggesting that it is for integrin.This is 
in accordance with; Blechschmidt et al. (2007) 
who recorded that cellular program used by both 
cancer cells and trophoblast cells to promote 
invasion in epithelial-mesenchymal transition, 
which results in loss of cell-to-cell contact 
inhibition. Associated with this program there 
are changes in integrin expression and loss 
of E cadherin, allowing loss of polarity and 
enhanced motility.

Ferretti et al. (2006) reported that among 
growth factor receptors expressed by both 
normal trophoblasts and malignant non-
trophoblastic tumours, there are those encoded 
by proto-oncogenes which, once activated, 
become oncogenes capable of inducing 
neoplasia. These receptors include epidermal 
growth factor receptor (EGFR).

In the present study, a fourth band was 
observed >116KDa suggesting that it is for the 
epidermal growth factor receptor (EGFR).

For serum of all the studied groups, no bands 
for placental protein extract were detected, only 
bands for blood proteins (albumin, globulins 
and fibrinogen) were observed showing that the 
protein was captured as an antigen by DCs. This 
is in accordance with Palucka & Banchereau 
(2012) who mentioned that antigen-loaded 
DCs migrate into the draining lymph nodes 
where they process the proteins into peptides 
that bind to both MHC class I molecules and 
MHC class II molecules, then antigen-loaded 
DCs can launch the differentiation of antigen-
specific T cells into effector T cells with unique 
functions and cytokine profiles.
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MMP Matrix metalloproteinases

XPE xenogeneic placental extract

CTLs Cytotoxic T lymphocytes

NK Natural killer

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide
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TARGETING CANCER IMMUNOTHERAPY THROUGH VACCINATION...

الذاتي غير  المشيمي  بالمستخلص  التطعيم  خالل  من  للسرطان  المناعي  العالج   إستهداف 
المشعع

سهير عبد العظيم عثمان٬ نادية محمد عبد هللا*٬ فاطمة فرج عبد الحميد*٬ محمد حسن نصر الدين**٬ اسماء 
ابو بكر و داليا محمد مصطفي

قسم بيولوجيا اإلشعاع - المركز القومى لبحوث و تكنولوجيا اإلشعاع - هيئة الطاقة الذرية٬ *قسم الكيمياء الحيوية - 
كلية العلوم - جامعة عين شمس و**كلية الطب - جامعة عين شمس - القاهرة - مصر.

تهدف هذه الرسالة إلى تقدير مدي فاعلية العالج بحقن بروتين المستخلص المشيمي غير الذاتي المعقم وذلك قبل 
التحفيز بحقن خاليا أورام اإليرلخ الحية في إيناث الفئران وذلك لتعزيز الجهاز المناعي. وتشمل هذه الدراسة 
المثبطة (CD8)٬ الجرانزيم ب ونشاط كال من  الدم وتعيين جليكوبروتينات الخاليا  قياس حجم الورم٬ دراسة 

الكاسبيس-3 و إنزيمات البروتينات الفلزية الخلوية (2 وMMPs 9) وفصل البروتين في الدم.

الثانية حقنت بخاليا أورام  الفئران ٳلى المجموعة األولي المجموعة الضابطة و المجموعة  تم تقسيم ٳناث 
اإليرلخ الحية 2.5×105 خلية لكل فأر. المجموعة الثالثة حصنت بالمستخلص المشيمي المعقم باستخدام فلترات 
ذات مسام 0.2 مل. و المجموعة الرابعة حصنت بالمستخلص المشيمي المعقم باستخدام التشعيع الجامي بجرعة 
مقدارها ٢ جراي. و قد قسمت كال من المجموعة الثالثة و المجموعة الرابعة ألربع مجموعات فرعية (أ٬ ب٬ 

ج٬ د). 

وقد أظهرت نتائج الدراسة إنخفاضا واضحا في حجم الورم للمجموعات الفرعية ٣أ٬ ٣ج٬ ٣د٬ ٤أ٬ ٤ب٬ ٤ج 
و ٤د مقارنة بالمجموعة الثانية. زيادة معنوية في عدد خاليا الدم الليمفاوية في المجموعات الفرعية ٣د٬ ٤ب٬ ٤ج 
و ٤د مقارنة بالمجموعة الضابطة. و زيادة كال من نشاط إنزيم الجرانزيم ب و جليكوبروتينات الخاليا المثبطة 
الكاسبيس-3 زيادة  الضابطة. كما زاد نشاط  بالمجموعة  فقط مقارنة  المجموعة ٤د  (CD8) زيادة معنوية في 
معنوية في المجموعات الفرعية ٤ج و٤د مقارنة بالمجموعة الضابطة. أظهر نشاط إنزيمات البروتينات الفلزية 
الخلوية (2 وMMPs 9) ل٤د شريط أقل وضوحا مقارنة بالمجموعات األخرى و بالمجموعة الثانبة. وقد أوضح 
الفصل الكهربائي لبروتين كال من إستسقاء خاليا اإليرلخ و المستخلص المشيمي ظهور أربعة أشرطة عند ٧ كيلو 

دالتون وبين 29-45 كيلو دالتون وعند أكبر من 76 كيلو دالتون وكذلك عند 116 كيلو دالتون.

وقد أثبتت الدراسة أن التطعيم بلقاح بروتين المستخلص المشيمي غير الذاتي أدى إلى تعزيز الجهاز المناعي. 


