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Introduction
Gene expression is a complex process whereby genes produced 

via transcriptional processes in the nucleus for eukaryotes and 
the cytoplasm for prokaryotes are converted into a functional 
protein via the process of translation in the cytoplasm in living 
organisms. Gene expression is very important to many researchers 
from biology and biology-related disciplines. Prior to the invention 
of the PCR machine [1], gene expression studies were primarily 
performed using Northern blots and Western blots. Real-time 
PCR machines have opened the door to PCR arrays, a sensitive 
high-throughput technique for monitoring gene expression. 
Human immunity is an important biological process that protects 
humans against pathogens and cancer [2,3]. Human immunity 
is largely broken down into two major groups: innate immunity 
and adaptive immunity. Innate immunity primarily consists of 
anatomical barriers, antimicrobial substances, and immune cells 
that are designed to respond to any pathogen. Adaptive immunity 
consists of B cells and T cells and is designed to target a specific  

 
pathogen. In general, innate immunity is designed to keep  
pathogens outside the human body and to quickly eliminate them 
if they breach the internal environment, while adaptive immunity 
or acquired immunity is designed to neutralize and eliminate a 
specific pathogen that has evaded the innate immune surveillance 
system [4]. The human immune system is armed with extremely 
powerful weapons that help promote a homeostatic environment. 
Since the days of Edward Jenner’s cowpox experiments where 
the basic features of immunity were established, immunological 
investigations have produced remarkable research findings and 
greatly expanded our current understanding of the complexity of 
the human immune system [4,5].

However, with all biological systems a complete understanding 
of paramount molecular interactions, signal transduction 
mechanisms, and molecular physiology will require new 
experimental technologies as well as sensitive instrumentation 
to elucidate more details regarding human immunity. Immune 
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ARTICLE INFO Abstract

PCR arrays are designed to produce gene expression profiles of a subset of genes 
associated with biological processes, signal transduction mechanisms, and diseases. 
The current review addresses how PCR arrays can be used to explore human immunity. 
Human immune responses are divided into two major phases: innate immunity and 
adaptive immunity. Innate immunity consists of host puerperal defenses that protect the 
human body from foreign invaders using anatomical, chemical, and nonspecific cellular 
sentries. Adaptive immunity consists of pathogen-specific defenses that utilize B cells and 
T cells to detect, target, and eliminate pathogens and tumor cells from the human body. 
Recent research studies using PCR arrays have enhanced our understanding of immune 
mechanisms in the context of infectious diseases, however, more work needs to be done 
in this area. Gene expression profiles associated with human immunity may lead to the 
design of therapeutic interventions to attenuate pathophysiological outcomes associated 
with inflammation or treat microbial diseases. PCR array gene expression profiles may 
also lead to the identification of either up-regulated genes or down-regulated genes that 
produce favorable immune responses and may serve as novel biomarkers. The article 
also discusses PCR array experimental designs and lists commercial PCR arrays that 
focus on elucidating new insights into innate and adaptive immunity.
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responses are the result of thousands of unique molecular 
mechanisms that coordinate hematopoietic cells, cytokines, 
hormones, and growth factors. Understanding the precise 
molecular network responsible for innate and adaptive immunity 
will help immunologists and pharmaceutical scientists design 
strategies for dealing with cancer and infectious diseases. A very 
powerful weapon in the pursuit of knowledge of human immunity 
are PCR arrays. 

PCR arrays are designed to gain insight into specific biological 
mechanisms and genetic function. Unlike microarrays which 
have the capacity to monitor thousands of genes at one time, PCR 
arrays typically monitor less than 100 genes. Microarrays focus 
on global gene expression, while PCR arrays are constructed to 
monitor specific cells, biologic processes, diseases, and normal and 
abnormal human physiology. The advantages to using a PCR array 
are that they are far less expensive to perform than a traditional 
microarray experiment. Both PCR arrays and microarrays involve 

similar sample preparation protocols such as the growth of target 
cells and tissue using standard tissue culture protocols.

PCR Arrays

PCR arrays are designed by companies who engage in the 
meticulous culling of hundreds of research articles and review 
papers that identify key genes involved with human immune 
responses. The bibliographic data is then used to create a particular 
PCR array consisting of research-relevant genes. Specific primers of 
identified genes are then immobilized onto a 96-well plate or 384-
well plate. Prior to the addition of complementary DNA (cDNA) from 
the experimental cellular system, cDNA is mixed with a master mix 
that typically contains SYBR green or similar molecule that will aid 
in the detection of amplified products during the data acquisition 
phase. There are a number of innate and adaptive immunity-based 
PCR arrays on the market (Table 1) lists a sample of the PCR arrays 
that immunologists and microbiologists may find useful to explore 
both innate and adaptive immunity.

Table 1: PCR Arrays for Innate and Adaptive Immune Responses.

Qiagen
RT2 Profiler PCR Arrays
https://www.qiagen.com

Antibacterial Response Innate and Adaptive Immune Responses

Antifungal Response Interferons and Receptors

Antiviral Response JAK-STAT Signaling Pathway

Cancer Inflammation and Immunity Crosstalk MAP Kinase Signaling Pathway

Chemokines and Receptors NFkB Signaling Pathway

Common Cytokines Nitric Oxide Signaling Pathway

Cytokines and Chemokines Phagocytosis

Dendritic and Antigen Presenting Cell T Cell Anergy and Immune Tolerance

Hematopoiesis T-Cell and B-Cell Activation

HIV Host Response T Helper Cell Differentiation

IL6-STAT3 Signaling Pathway Th1 and Th2 Responses

Inflammasomes Th17 Response

Inflammatory Cytokines and Receptors Toll-Like Receptor Signaling Pathway

Inflammatory Response and Autoimmunity Type I Interferon Response

Thermo Fisher 
Real-Time PCR Arrays 

https://www.thermofisher.com

TaqMan™ OpenArray™ Mouse Inflammation Panel TaqMan™ Array Human Signal Transduction

TaqMan™ OpenArray™ Human Inflammation Panel TaqMan™ Array Human Toll-Like Receptors

TaqMan™ Array Human Chemokines TaqMan™ Array Mouse Immune Response

TaqMan™ Array Human Complement Pathway TaqMan™ Array Rat Inflammation

TaqMan™ Array Human IL6 Pathway TaqMan™ Array Human Antigen Processing

TaqMan™ Array Human Immune Response TaqMan™ Array Human Complement Pathway

TaqMan™ Array Human Inflammation TaqMan™ Array Human Cytokine Network

TaqMan™ Array Human Interferon Pathway TaqMan™ Array Human Phagocytosis of Microbes

TaqMan™ Array Human JAK-STAT Pathway

http://dx.doi.org/10.26717/BJSTR.2019.21.003596
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PCR Array Protocols to Explore Immunity

Host-pathogen interactions involve the highly coordinated 
sequence of molecular events mediated by the pathogen and host 
organism. Pathogens utilize a molecular arsenal to gain entry into 
the host tissues and cellular environments. Microbial inhibitory 
molecules such as interferons, interleukins, complement, and other 
cytokines and are recruited to block entry of microorganisms. In 
terms of tumor infiltration, tumor cells secrete a wide array of 
molecules to support tumor growth and metastasis to ectopic 
regions of the human body. During these events the immune 
system is also busy producing anti-tumor substances to control cell 
proliferation and metastasis [6]. Not surprisingly, an extraordinarily 
complex picture begins to emerge when you cogitate the molecular 
interplay between tumor cells and the human immune system.

PCR arrays are particularly well suited to enhance our 
understanding of the human immune response. Specifically, PCR 
arrays could be used to identify a protein or family of proteins 
that play a major role during disease progression or elucidate 
biomarkers that may provide a surveillance system during infection 
or cancer development. The data interpretation phase in PCR array 
studies is equally as critical as the data analysis phase. A host-
specific down-regulated gene detected via bioinformatics analysis 
could imply that the host is attempting to modify a particular 
biological structure or signal transduction pathway that is beneficial 
to the pathogen. Alternatively, a down-regulated host gene could 
indicate a pathogen-mediated approach to minimize the effects 
of an antimicrobial molecule. Thus, investigators must perform 
additional experiments to determine the cause of a particular PCR 
array-derived phenomenon.

The key to designing a PCR array experiment that conveys 
meaningful insight regarding innate and adaptive immunity is the 
inclusion of both biological replicates and technical replicates. 
Biological replicates are designed to investigate variation that exists 
due to the biological phenomenon under study. Biological replicates 
involve performing the same experimental procedure on at least 
two or more different biological samples. Ideally, researchers 
should generate similar biological outcomes on each biological 
replicate. If one sample shows a significant difference compared to 
the other samples then the results may not be generalizable and 
may be due to random biological events. Since the samples in a 
biological replicate are distinctly different samples from different 
animals, separate tissue culture flasks, or separate cell stocks 
similar results from each sample provides strong evidence that the 
biological effect is not random and generalizable to the cellular or 
organismal system. 

Technical replicates are designed to determine if variation 
exists due to the technique or experimental procedure employed. 
Technical replicates involve performing the same procedure 
multiple times (e.g., two or more) using the same biological sample. 
Technical replicates address issues such as reproducibility of the 

protocol or variation in the data due to the technique or assay 
procedures. Ideally, researchers expect to produce similar results 
for each technical replicate. Technical replicates generate either 
confidence or concern in the selected experimental approach or 
equipment and must be added to the experimental design. Since 
the samples of the replicate series are the same, each test should 
yield the same result. For PCR array experiments, an example of 
a technical replicate would be to add three aliquots of cDNA from 
the same sample to three different PCR array wells. A sufficient 
biological replicate would be to isolate RNA and convert RNA 
to cDNA using three different culture flaks of the same cell line. 
Both technical replicates and biological replicates enhance the 
experimental design and improve the overall statistical power.

Immunologists, microbiologists, and cancer researchers have a 
wide range of experimental design options when planning PCR array 
experiments to explore immunity. To ascertain gene expression 
changes from newly discovered cytokines, an immunologist could 
treat various hematopoietic cells with cytokines and add cellular 
cDNA to an appropriate PCR array. The effects of paracrine and 
autocrine signaling mechanisms could also be explored using 
this approach. Drug and pharmaceutical combination studies 
could be performed to determine the precise drug combinations 
required to activate the immune system. Every known pathogen 
could be tested on specific cell types to study innate and adaptive 
immunity ramifications. The ability of a microbial pathogen to 
activate host immune gene expression could indicate unknown 
pathogen-specific evasion mechanisms and may suggest beneficial 
antimicrobial strategies for certain susceptible cells. 

The current and rapidly growing selection of PCR arrays also 
allow investigators the opportunity to determine the impact of 
pathogenic infections on specific signal transduction mechanisms. 
Disease-specific PCR arrays could allow scientists to determine 
the extent to which intracellular pathogens up-regulate or down-
regulate disease biomarkers. Both primary cancer cells and 
immortal cancer cell lines can be studied using immunity-based 
PCR arrays to further explore immunity mechanisms associated 
with tumor development, tumor progression, and tumor metastasis. 
Moreover, dose-dependent PCR array-based studies could be 
performed to determine the efficacy of therapeutic compounds to 
produce a pro-immunity gene expression profile. Time-dependent 
studies involving therapeutic compounds could also provide 
insight into temporal gene expression changes beneficial to human 
health. Time-course PCR array studies tracking various stages of 
a particular pathogenic infection in human cells would provide 
invaluable data regarding gene expression patterns that support 
innate and adaptive immune mechanisms. 

Inflammation has been shown to play a major role in 
pathophysiological outcomes of many diseases [7-9]. Inflammation 
is an innate immune response to any type of tissue damage whether 
the source is endogenous (e.g., cancer) or exogenous (e.g., pathogen). 

http://dx.doi.org/10.26717/BJSTR.2019.21.003596
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Inflammation occurs in several stages and involves recruitment 
of blood cells, phagocytes, and chemical factors designed to 
neutralize the threat and aid in the process of wound repair. An 
understanding of pro-inflammatory and anti-inflammatory gene 
expression changes that occur during the course of an infection or 
during various stages of disease progression may contain beneficial 
evidence regarding potentially effective therapeutic treatments. 
Treatment studies such as the use of monoclonal antibodies to 
block or neutralize specific inflammatory-associated proteins may 
suppress tissue damage associated with inflammation [10]. The 
synthesis of transcription and translation inhibiting molecules that 
target deleterious inflammatory proteins and genes may also prove 
beneficial. 

Silberstein et al. [11] demonstrated the utility of PCR arrays 
to investigate the role of apoptosis in liver damage following 
chronic hepatitis C virus (HCV) infection. The Human Apoptosis 
RT2 Profiler PCR Array from Qiagen was used to examine cDNA 
from cells infected with HCV. Data analysis indicated that major 
apoptotic genes such as tumor necrosis factor, caspases, and Bcl2-
interacting killer were involved in liver cell death induced by HCV. 
Interestingly Han et al. [12] performed a qPCR array experiment 
on rainbow trout expressing the cecropin P1 transgene. Cecropin 
is a protein isolated from the porcine digestive tract that has 
broad spectrum antibacterial activity [13] and antiviral activity 
[14]. PCR primers that are unique to innate and adaptive immune 
mechanisms were used in the PCR array assay to demonstrate the 
immune related genes that play a role in the antimicrobial effects 
of cecropin in rainbow trout. Data revealed that the antimicrobial 
effects were mediated in part due to cytokine and chemokine 
signaling, complement genes, antigen processing and presentation, 
lysosomal phagocytosis, and toll-like receptor signaling 

Conclusion
PCR arrays utilize real-time PCR technology to identify gene 

expression patterns and molecular networks associated with 
biologic phenomena. PCR arrays can be more effective at resolving 
molecular events than microarrays due to the small subset of genes 
present on each array plate. Further, because each PCR array focuses 
on a specific biological pathway, researchers can pinpoint which 
genes contribute to normal and aberrant physiologic processes. As 
with any biological investigation, the design of your experiment is 
paramount. The inclusion of the proper biological replicates and 
technical replicates will facilitate data analysis [15,16].

While there are a number of published reports that highlight 
the use of PCR arrays to explore host-pathogen interactions, more 
studies are needed to construct a more complete picture of how 
the human immune system responds to infection and cancer. Using 
PCR arrays will undoubtedly shed light on previously unknown 
molecules that participate in crosstalk mechanisms and serve as 
molecular adaptors critical in establishing a strong defense system 

against internal and external threats. Since PCR arrays work using 
fluorescence detection, real-time PCR machines are required. To 
facilitate data analysis, most PCR array manufacturers offer free or 
inexpensive bioinformatics software.
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