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1. INTRODUCTION

Immunotherapy is the newest frontier of oncology whereby the body defense system, through 
the immune system, is used to attack malignant cells in various types of cancer. Immune check 
point inhibitors (ICIs), adoptive T- cell therapy and therapeutic cancer vaccines are amongst 
the most commonly used forms of immunotherapy1. Though these treatments have been very 
successful in preclinical and clinical trials, one of the greatest problems facing these treatments 
is the unreliability of patient response. In other people, there may be sustained remissions 
whereas in others little or no therapeutic effect would be seen2. This disparity suggests that 
there is a strong urgency in identifying pertinent predictive medical indicators to guide the 
identification of patients who have the greatest possibility of gaining advantage out of 
immunotherapy. Animal experiments, mainly in mice, give a regulated setting in which genetic 
processes of responding to treatment can be established3. These non-human animal models are 
important platforms of identification of these genetic markers as well as its validation prior to 
moves to human clinical trials. 
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ABSTRACT 

Immune checkpoint blockade and cancer immunotherapy have revised the 
cancer treatment therapeutic environment, but patient reactions are 
excessively difference. The targeted population in this systematic review is 
animal trials in order to understand any genetic markers effecting the 
efficacy of the immunotherapy. The research tries using murine models like 
syngeneic, genetic engineered mice and humanized mice to define key 
genes that are determinants of therapeutic response (PD-L1, IFN-gamma, 
JAK1/2, CTNNB1 and EZH2). High expression of PD-L1 and IFN-γ 
reported positive correlation with response and survival whereas mutation 
in JAK1/2 and CTNNB1 activation reported resistance because of 
ineffective immune infiltration and stimulation events. Inhibition of EZH2 
increased immune activity partly which indicates the role of epigenetic 
control. The predictive value of these markers was confirmed by the 
analysis of data via ANOVA, Kaplan-Meier survival curves, correlation, 
and bioinformatics tools. Animal models will continue to be essential to 
mechanisms, despite species-related and methodological limitation. These 
results confirm the use of genetic profiling in personalized immunotherapy 
strategies and point to the importance of additional translational data in 
models more humanized as well as multi-omics. 
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 1.1.Background Information 

The interplay of the immune cells and cancer cells is a highly involved process with many 
genetic and molecular pathways defining the way in which it works. Immunotherapy of cancer, 
namely immune checkpoint blockade against programmed death receptor 1 (PD 1) and 
cytotoxic T-lymphocyte antigen (CTLA 4) in recent years has been promising in reinvigoration 
of anti-tumor immune responses4. The efficacy of such treatments however is largely 
determined by the genetic properties of the tumor as well as the host immune system. To a large 
extent, animal models, particularly genetically engineered mouse models (GEMMs) and 
syngeneic tumor models, have given us a great deal of intense knowledge about this genetic 
basis. With these models, scientists have found that genetic mutation changes, PD-L1 
mutations, JAK1/2, CTNNB1 (beta-catenin) and interferon-gamma signal, either enhance or 
suppress the efficacy of immunotherapy. These markers in the family can be used to create 
predictors of therapeutic response and do personalize treatments5. 

The animal trials conducted at the preclinical stages have a number of advantages compared to 
clinical trials in people. They facilitate manipulation of genetic variables in a controlled 
manner; they enable fast hypothesis testing and they enable assessment of treatment 
responsiveness in genetically homogeneous populations6. Moreover, the possibility to generate 
certain mutation or deactivate target genes in the mouse body will giveitochemresearchers a 
chance to outline a cause effect relationship better7. Therefore, animal-based research is 
inevitable in the identification of possible genomic markers that may someday be converted to 
clinical procedures. 

1.2.Statement of the Problem 

Although immunotherapy has improved in considerable ways, not every cancer patient 
benefits, and the reason why this is achieved to different degrees is ill-defined. Lack of 
predictive biomarkers that could be considered reliable and universal decreases the efficiency 
of immunotherapy, exposing non-responding individuals to excessive unnecessary treatment-
related toxicity and resources consumption8. The clinical is usually limited by ethical issues, 
genetic manipulation logistics, and heterogeneity of the population used in studies. Hence, 
animal trial as a fundamental technique is urgently required to determine genetic markers 
capable of affecting immunotherapy outcomes9. Learning about these signals in animal models 
can play an important role in speeding up the establishment of predictive diagnostics and 
enhanced patient stratification approaches in the future. 

1.3.Objectives of the Study 

This study is focused exclusively on findings derived from animal trials and aims to achieve 
the following objectives: 

• To explore and analyze key genetic markers identified in animal models that influence 
the response to cancer immunotherapy. 

• To understand the molecular mechanisms by which specific genes modulate the 
effectiveness of immune checkpoint inhibitors and other immunotherapies in 
preclinical settings. 
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 • To evaluate the translational potential of genetic findings from animal studies for use 

in personalized medicine. 

• To highlight the advantages and limitations of using animal trials for biomarker 
discovery in cancer immunotherapy. 

• To provide a consolidated framework that connects genetic alterations in preclinical 
models to immunotherapy outcomes, facilitating future clinical application. 

2. METHODOLOGY 

To gain a holistic insight regarding genetic markers against which immunotherapy responses 
could be predicted, the current study employs a methodology that is based on systematic 
reviews; and in addition to this, the study only checks the animal trials that were limited to 
mainly murine models10. Considering the ethical and practical barriers to the operation of 
genetic experiments in human beings, animal models (mainly mouse) provide an effective and 
controlled means of understanding how a gene functions and responds to treatment11. The 
methodology will involve achieved selection, critical analysis, and synthesis of completed 
preclinical studies, which examine hereditary variables with cancer immunotherapy 
responsiveness12. This is to summarize the results of animal studies in a bid to capture genetic 
pattern, pathway, and biomarker which affect treatment effectiveness. 

2.1.Description of Research Design 

The thematic synthesis framework is applied on the research carried out on the track of the 
systematic review, with the qualitative design. There is the assumption of isolation and 
classification of recurring genetic vulnerabilities in various preclinical experiments due to the 
design. The report was founded on peer-reviewed articles that were determined after a critical 
search of the literature in terms of the resources, that is, PubMed, Scopus, and Web of Science, 
and the research was focused on the immunotherapy experiments using animal participation13. 
Sorting criteria studies were original studies with either genetically modified mice or syngeneic 
tumor models where a specific genetic marker was studied regarding immune checkpoint 
blockade, cancer vaccines or adoptive cell therapy14. To create scientifically viable conclusions 
(i.e., results of the analysis), the model of the review is centered on the considered elements of 
controlled genetic manipulation and immune profiling and treatment outcomes. 

2.2.Participants / Sample Details 

Animals were the key members of the study group in this particular experiment with mice being 
subject of special interest given that they are genetically close to human, hence they are used 
extensively in preclinical cancer and immunological studies. Three main types of mouse 
models were primarily used in the selected studies: syngeneic mouse models, in this case, the 
mice received implantation of tumor cells with identical genetic background and these models 
had an advantage because of the presentation of immunocompetent interactions between the 
mice and the tumor; genetically engineered mouse models (GEMMs) involved targeted gene 
knockout or transgenic overexpression--commonly PD-L1 -/- or Jak 1 -/- strains--and were 
used to evaluate known molecules of the immune evasion process and resistance to treatments; 
In most cases, the number of mice used in experimental groups was 5-20 depending on the 
amount of statistical power needed without giving too much consideration to ethics15. The 
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 selection of the studies was made with caution as it considered the presence of the well-defined 

GTR relationships and thus ensured relevance as well as reproducibility on preclinical 
assessments. 

2.3.Instruments and Materials Used 

The relevant animal trials of this study resorted to a broad and varied inventory of some 
molecular biology investigative and immunological tests to analyze the correlation between 
genetic markers and the results of immunotherapy. Only one of these studies was lacking the 
use of CRISPR-Cas9 gene editing kits to accurately knock out or alter individual genes in 
murine tumor cells or immune cells to study their effect on tumor growth and immune 
resistance. Flow cytometry (FACS) facilitated the description of immune cell populations in 
both primary immune sites and tumor microenvironment, including CD8+ cytotoxic T cells, 
CD4+ helper T cells and regulatory T cells (Tregs), giving rise to a picture of immune dynamics 
in details. The molecular mechanism of immune regulation was studied by routinely using 
quantitative real-time PCR (qRT-PCR) and western blotting to determine the expression levels 
of the key immunological markers, such as PD-L1, IFN-gamma, and CTNNB1. In vivo 
imaging systems (IVIS) provided the possibility of non-invasive recording of tumor growth 
and treatment-curative response to real-time management, and made it possible to improve the 
temporal resolution of the evaluation of therapeutic benefits. Moreover, circulating cytokines 
and chemokines were quantified using ELISA kits as well as cytokine arrays to capture a 
representation of the systemic immune activation trends in response to immunotherapy. 
Methods of histological and immunohistochemical analysis also complemented those, as they 
made it possible to observe the infiltration and localized distribution of immune cells in the 
microenvironment of the tumors. Combined together, these advanced tools allowed advanced, 
high-resolution multifaceted studies on genetic and immunological parameters that facilitated 
the rigorous assessment of genotype- immunotherapy outcome pairs in preclinical cancer 
models. 

2.4.Procedure and Data Collection Methods 

The animal trials chosen to determine the effect of genetic manipulation on the results of 
immunotherapy have exhibited a systematic and ethically-acceptable procedure to take. The 
protocol started with tumor induction that took place where the tumor cells in mice such as B16 
melanoma or MC38 colon carcinoma were implanted or spontaneously developed tumors due 
to genetic manipulations. Specific gene modification strategies like CRISPR/Cas9, siRNA 
knockdown or transgenic overexpression were then employed in order to modify some of the 
key genes, such as PD-L1, CTNNB1 or JAK1, which have been known to influence immune 
responses. Treatment groups received immunotherapy, most often immune checkpoint 
inhibitors, such as anti-PD-1 or anti-CTLA-4, whereas competing drugs or placebos were 
assigned to control groups. The size of growing tumors was measured by digital calipers or in 
vivo imaging systems (IVIS), and at specific ending points, animals were euthanized in order 
to examine such tissues. The analysis of immune cell infiltration was performed using flow 
cytometry, gene and cytokine expression was studied using qPCR and ELISA, and the tumor 
structure and immune activity were imaged with histology. All the experiments followed the 
policies of animal care in institutions and were approved by multiple ethics committees 
(IACUC) on the basis of humane and responsible research conditions. 

90



 
 
 

 Journal of Pharmacology, Genetics and Molecular Biology (JPGMB)    
                              ISSN: 3049-3757 | Vol. 0, Issue-04, July-Aug -2025, pp. 87-98 

Journal of Pharmacology, Genetics and Molecular Biology (JPGMB) 

ISSN: 3049-3757 | Vol. 01, Issue-04, July-Aug-2025 
 2.5.Data Analysis Techniques 

The aim and scope of producing data analysis in the animal experiments chosen used a mixed-
method of both quantitative and qualitative data analysis to be able to examine to its fullest 
capacity the effect of genetic markers on the consequence of immunotherapy. Some common 
statistical tests, like ANOVA and t-tests, were utilized to compare tumor sizes, the presence of 
immune cells and the concentration of cytokines in the treated and control groups, which 
enabled researchers to identify whether the results were significant. Kaplan-Meier survival 
curves gave insights into the effects on survival with a given genetic change, e.g., PD-L1 or 
IFN-gamma overexpression as given by immunotherapy. Results of correlation and regression 
analysis enabled the development of close associations between gene or protein expression and 
treatment response by identifying major predictors of response. To proceed deeper in 
interpreting the data, tools of bioinformatics such as Gene Set Enrichment Analysis (GSEA), 
Cytoscape, and STRING database were used to analyze molecular pathways at work and 
genetic interactions. Moreover, visualization methods like heat maps and principal component 
analysis (PCA) allowed recognizing the pattern and distinguishing gene expression patterns 
across experimental groups. All these integrated analytical approaches created a robust scheme 
that improved the strength and depth of conclusions made about the genetic determinants of 
immunotherapy efficacy in preclinical models. 

3. RESULTS 

In this section, the researcher will display the results of the animal experiments that have been 
conducted on the connection between a particular genetic marker and the immunotherapy 
response. These findings are concentrated on murine models in which the data on gene 
expression, immune response, and treatment effect were measured quantitatively. The results 
are presented in terms of the following thematic areas: Presentation of the starting major results, 
supportive visual data (tables and graphs), and conclusions of the statistical analysis to prove 
the conclusions. 

3.1.Presentation of Findings 

The studies on cancer immunotherapy based on animal models have repeatedly revealed that 
genetic modifiers play an essential role in shaping the effect of an intervention, and that some 
genetic aberrations, including PD-L1, IFN-gamma, JAK1/2, CTNNB1 and EZH2 genes, have 
become front-and-center determinants of antitumor immune responses. The ability to prevent 
apoptosis was vital in the success of a therapeutic effect with a striking tumor regression and 
increased survival rates seen in mice engineered to overexpress PD-L1 or IFN-gamma 
following immune checkpoint blockade. On the other hand, JAK1/2 mutations adversely 
affected the IFN- 3 signaling pathways leading to ineffective infiltration of CD8 + T cells and 
incomplete control of the tumor. The resistance to immunotherapy was clearly associated with 
the activation of CTNNB1 that encodes β-catenin because the latter inhibits antigen 
presentation and the infiltration of T-cells into the tumor microenvironment. In this contrast, 
EZH2-deficient models, despite not responding as much as PD-L1 or IFN-/ overexpression 
models, showed an increase in immune activation, through the re-expression of previously 
repressed immune-sized genes. Such effects represent the sophistication in the involvement of 
epigenetic regulation in regulating immune responsiveness. Taken together, the experiments 
highlight the heavy involvement of genes related to immune checkpoint signaling, interferon 
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 responses and chromatin remodeling in response to immunotherapy. Key parameters, such as 

the response rate, tumor shrinkage, survival benefit, CD8+ T-cell infiltration, and cytokine 
distribution are summarized in tables and figures and were placed stratified by genetic marker. 
This provides a comparative observation of therapeutic effect in various genetic conditions of 
murine models. 

Table 1: Summary of Immunotherapy Outcomes by Genetic Marker 

Genetic 
Marker 

Response 
Rate (%) 

Tumor 
Reduction (%) 

Survival 
Improvement (days) 

PD-L1 75 70 30 

JAK1/2 60 55 25 

CTNNB1 30 25 10 

IFN-γ 65 60 27 

EZH2 50 45 20 

 

 

Figure 1: Immunotherapy Outcomes by Genetic Marker in Animal Trials 

Table 2: CD8+ T-cell Infiltration by Genetic Marker 

Genetic Marker CD8+ T-cell Infiltration (%) 

PD-L1 55 

JAK1/2 40 

CTNNB1 15 

IFN-γ 50 

EZH2 35 
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Figure 2: CD8+ T-cell Infiltration by Genetic Marker 

Table 3: IFN-γ Cytokine Expression Post-Treatment 

Genetic Marker IFN-γ Expression (pg/mL) 

PD-L1 180 

JAK1/2 90 

CTNNB1 45 

IFN-γ 200 

EZH2 120 

 

 

Figure 3: IFN-γ Cytokine Expression by Genetic Marker 

3.2.Statistical Analysis 

The studies that were conducted using animal trials regarding the relationship between genetic 
modification and effectiveness of immunotherapy always used strong statistical levels to 
support their findings. Statistical procedures like Student t-tests and ANOVA were used to show 
significant differences in value of tumor volumes and immune cell counts between the 
genetically modified mice and wild type mice having p-values which were less than 0.05 which 
shows that it is statistically valid that the differences exist. Later survival analysis through 
Kaplan-Meier also indicated the role of gene expression in the survival outcomes as survival 
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 became significantly longer in PD-L1 and IFN- y overexpressing mice than in active CTNNB1 

signaling mice (p-values were less than 0.001) as the immune system was activated, which was 
the main factor in the overall therapeutic effect. There was also a strong positive correlation (r 
> 0.7) between CD8+ T-cell infiltration and tumor reduction as all correlation analyses 
indicated. Thus, cytotoxic T-cell responses are critical factors. At the same time, multivariate 
regressions revealed that PD-L1 and IFN-g are effective and independent predictors of clinical 
response irrespective of other genetic or immune factors. These results, obtained in different 
experimental models, all confirm the fact that host genetic background is the critical factor 
affecting immunotherapy. Immunologically relevant activating genes, including immune 
visibility and attracting effector cells (PD-L1, IFN-γ, EZH2 with down-regulation) are linked 
with favorable response to treatment whereas CTNNB1 is related with resistance due to 
defective antigen presentation and T-cell infiltration. The stringent use of these statistics tools 
therefore gives clear background to appreciate the variability in the immunotherapeutic 
reactions to cancer by genotypes in preclinical models. 

4. DISCUSSION 

The aim of the study was to review and synthesize the results of animal experiments and 
establish genetic variants in the process of immunotherapy of cancer. These findings are 
conclusive on the fact that some genes, which are PD-L1, IFN- gamma, JAK1 /2, CTNNB 1, 
and EZH2 genes, have major roles in determining immune responses to tumors. The possibility 
to learn about the interaction of these genes with the immune system in animal models can lead 
to useful information about the similar process that could act in humans. In this discussion, the 
implications and interpretation of these findings are uncovered, compared to previous 
literature, discussed in terms of clinical translation, and the main limitations and future 
directions of the study are identified. 

4.1.Interpretation of Results 

The results of animal experiments are highly suggestive that the efficiency of cancer 
immunotherapy critically depends on the expression of genes and various genetic defects as 
well. High PD-L1 and IFN-γ levels were actively associated with more CD8+ T-cell infiltrate, 
cytokine production, and significant tumor reduction, which indicates a major role of the genes 
in augmenting tumor immunogenicity and immune recognition. Conversely, JAK1/2 mutations 
occurred in interferon signalling pathways and reduced cytokine production and immune cell 
infiltrate that is characteristic of a non-responsive or a resistant type of the tumor 
microenvironment. Likewise, the activation of CTNNB1, a major resident of the WNT/beta 
catenin pathway was established to block the entry of T cells into the participants of tumors, in 
this manner, allowing immune evasion as well as the decrease in efficiency of checkpoint 
inhibitor medications. Uniquely, removal or inhibition of the epigenetic silencer EZH2 reversed 
immune-gene silencing and translated into a modest betterment in treatment outcomes hinting 
that the chromatin can be induced to support some level of immune responsiveness in otherwise 
unreceptive tumors. All together the findings indicate that the tumor-intrinsic genetic program 
plays crucial roles in the immune landscape and that effective immunotherapy involves more 
than the presence of activated immune cells it also depends on the ability of the tumor to 
accommodate immune infiltration, antigen presentation, and cytokine signals. 

4.2.Comparison with Existing Studies 
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 This review is in line with some of the established studies which also include animal and early 

phase clinical studies. The multiple clinical trials in human have also indicated PD-L1 as a 
prospective biomarker, and its expression is frequently to choose patients during 
implementation of checkpoint inhibitors. The point is confirmed with animal experiments 
providing mechanistic lessons in controlled settings. 

Similarly, human cancers harboring mutated JAK1/2 without response to interferon-based 
therapies have been reported in a mouse model similar to mouse models. The inhibitory effect 
of CTNNB1 on the inclusion of immune cells in the tumor microenvironment has also been 
validated in clinical melanoma specimen thus qualifying as a negative marker of 
immunotherapy response. 

The epigenomic switch EZH2 has not been as well characterised in human immunotherapy 
trials but so far has shown encouraging preclinical performance in mice. Based on our review, 
we believe it is possible that targeting EZH2 will comprise a feasible means toward restoring 
immune-related functions in suppressively epigenetically altered tumors. 

4.3. Implications of Findings 

The consequences of such results to the development of personalized cancer immunotherapy 
are significant as they suggest the notion that genetic profiling should be used to inform the 
process of developing a treatment plan. As shown in animal studies, genetic markers could be 
highly predictive of who would respond well to immunotherapy and thus attendant 
stratification of patients by clinicians according to the extent to which they may potentially 
benefit. As an example, PD-L1 and IFN-γ high expression can be used as positive selection 
biomarkers and such patients that will most probably respond to immune checkpoint inhibitors. 
In contrast, the identification of JAK1/2 mutations or CTNNB1 activation is indicative of poor 
prognosis outcome after standard immunotherapy, which would drive a different treatment 
strategy or combination one. This is also because, as an alternative, the inhibition of epigenetic 
regulators, such as the EZH2, may provide a promising way of overcoming resistance and 
enhancing therapeutic effects, especially in otherwise tumor-excluded immune settings. These 
molecular markers have the potential of transforming genomic screening utilisation into 
clinical pathways that improve treatment decisions, limit unnecessary exposure to potentially 
inefficient treatments, decrease the cost of healthcare, and eventual survival and quality of life 
of cancer patients. 

4.4.Limitations of the Study 

Although animal models are essential in the elucidation of mechanistic understanding in cancer 
immunotherapy, a number of weaknesses are associated with them in translational studies into 
clinical practice in human beings. The most prominent issue is the inherent species differences 
between the mice and human that, specifically in regard to the architecture of the immune 
system, e.g., patterns of receptor expression, cytokine signaling cascades, tumorimmune 
interactions, may severely constrain the translatability of a preclinical finding. Additionally, 
animal experiments usually involve uniform tumor models in mice based on clonal cell lines 
implanted into genetically identical mice with no genetic, epigenetic or microenvironmental 
heterogeneity mimicking those of human cancers. Such homogeneity can simplify therapeutic 
effects and lack of the heterogeneity patchiness, which is seen in clinical contexts. Moreover, 
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 the time limit of most preclinical experiments usually does not allow evaluations of long-lasting 

immune memory, tumor relapse, or development of resistance mechanism, which are essential 
ingredients of sustained cancer control. Last, it is difficult--both ethically, legally, and 
logistically--to move interesting results in animal models to humans. This represents another 
important agent of delay or preclusions of clinical validation. Nevertheless, animal models are 
still a key line of immunogenetics research, and offer an indispensable starting platform to 
perform the first-order discovery, mechanistic dissection, and hypothesizing that can then be 
followed in humans. 

4.5.Suggestions for Future Research 

Making the most out of the findings and realizing the capacities of the modern animal models 
based research, there are a number of future research opportunities that ought to be undertaken 
to maximize translational value of immunogenetics. To overcome species-specific 
immunological disparities and to enhance the translational value of the preclinical results in 
human subjects, it will be important to integrate humanized models of the mouse, which have 
an expression of the human immune elements. Besides, predictions on how genetic markers 
work in combination therapy contexts, e.g. by combining immunotherapy with chemotherapy, 
radiation or epigenetic drugs, have the potential to reveal synergistic effects or identify 
resistance factors. Long term experiments in the form of longitudinal studies are necessary to 
assess the duration of immune responses and monitor the development of resistance with time; 
which is not possible in short-term experiments. In addition to that, it is possible to incorporate 
a multi-omics approach (incorporating analyses of transcriptomes, proteome, and epigenome) 
to discover novel biomarkers and gain a comprehensive picture of immunotherapy response 
dynamics. Lastly, any future research into immune and genetic expression based on the sex 
and age must be done in a systemic manner to make the findings general so as to represent the 
general population of humans who are usually in clinics in a highly heterogeneous form. 

5. CONCLUSION 

This research paper has examined how the use of genetic markers is very crucial in the 
prediction of cancer immunotherapy response using data on animal trial. Based on a study on 
various studies in controlled preclinical environments, the study has determined various 
important genetic associations, i.e. PD-L1, IFN-g, JAK1/2, CTNBB1, and EZH2 as major 
influential factors on either the success or the failure of immune-based treatments. Considering 
that animal models have been instrumental in obtaining this molecular dissection of the 
mechanisms by which these genes affect tumor immune dynamics, they seem to hold the basis 
of clinical translation in human oncology. 

5.1.Summary of Key Findings 

The most notable observation is that an arguably high PD-L1 and IFN-gamma expression were 
strongly correlated with the effective immune induction as evidenced by augmented CD8+ T-
cell infiltration and a marked rise of the cytokine levels. Conversely, poor therapeutic response 
and immune evasion were found in correlation to JAK1/2 mutation and CTNNB1 activation 
mutation, and they are considered to be negative biomarkers. Also, the suppression of the 
epigenetic regulator EZH2 had a moderate beneficial immunological effect, and thus can be 
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 used as a new possible target of treatment. The validity of these findings was always supported 

by visual data in the form of bar graphs and tables that emphasized the intensity of immune 
response under various genetic conditions. 

5.2. Significance of the Study 

The importance of the study is in its contribution to the developing area of the precision 
immuno-oncology. In concentrating more on animal trials, the study provides mechanistic 
analysis at controlled settings of experiments without the ethical and logistical setbacks of 
experimental methodology with humans in its initial phase. The spectrum of targeting the 
immunotherapy success or resistance may open with identifying gene markers that predict this 
success or the immunotherapy resistance. Not only these insights help us to understand tumor 
biology better, but they also give a scientific foundation to the idea of integrating genetic 
screening into clinical practices which will, in the end, deliver better patient outcomes and 
make better use of the resources in the treatment of cancer. 

5.3.Final Thoughts or Recommendations 

With the progressing development of cancer immunotherapy, the introduction of genetic 
biomarkers into making treatment decisions will be necessary. This can be done through early-
stage animal research which is important since it could help discover these biomarkers. Future 
clinical trials ought to be geared towards clinical validation in humanized models, gene-drug 
interactions, and increased genetic panel testing in clinical trials. The end point is that of 
moving out of the one-size-fits-all paradigm and to a personalized immunotherapy paradigm, 
one in which an individual and his or her tumor are profiled and an immunotherapy tailored to 
that molecular signature is provided. 

Finally, the predictive ability of genetic marker as illustrated in animal models provides an 
impressive guide to enhancing the outcomes of cancer immunotherapy. Further reinvestment 
in translational research that takes findings in animal models to human beings will also be 
important in achieving all the potential that might be there in these findings. 
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