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ABSTRACT

Objective. The Human Leukocyte Antigen (HLA) Class II is the major histocompatibility complex surface glyco-
proteins of humans responsible for presenting exogenous antigenic peptides which help direct specificity of 
immune response. In immune-cell therapy, the HLA allelic variants are of particular importance as they determine 
the successful activation of target cells that results to a desired therapeutic response. However, HLA Class II 
exhibits high polymorphism and has variable distribution in population, constituting these so-called allelic variants. 
Specifically, the HLA Class II DRB1 is considered the predominant locus among Filipinos. This research aimed 
to identify the presence of HLA Class II DRB1 allelic variants in the stem cell samples of ten (10) Filipino cancer 
patients by reverse transcription polymerase chain reaction (RT-PCR) amplification.

Method. This study employed a PCR-based HLA Class II typing to identify the HLA Class II DRB1 allelic variant 
in Filipino cancer patients. Design of forward and reverse primers for HLA Class II DRB1, optimization of PCR 
conditions for amplifying HLA Class II DRB1, and identification of HLA Class II DRB1 allelic variants from samples by 
sequencing and database comparison were conducted.

Results. PCR optimization showed that optimum annealing temperature for HLA DRB1 was 58.8°C with 1 mM 
MgCl2. PCR amplification of HLA DRB1 from ten anonymized cancer patient samples and DNA sequencing 
revealed that Patients 1, 2, 5, 8, 9, and 10 harbor HLA DRB1 allelic variants, particularly, the HLA DRB1*04:06:01, 
HLA DRB1*12:01:01, HLA DRB1*0813, HLA DRB1*04:05:01, HLA DRB1*09:01:02, and HLA DRB1*16:02:01, 
allelic variants, respectively.

Conclusion. Using the designed primers and optimized RT-PCR protocol, HLA information derived from six out of 
ten patient samples can be used for further applications in developing personalized or generic antigenic peptides 
such as dendritic cell cancer vaccine.
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INTRODUCTION

The Human Leukocyte Antigen (HLA) is the major 
histocompatibility complex (MHC) of humans that plays 
a major role in eliciting the adaptive immune response 
by activating the body’s T cells. This, in turn, results in 
the activation of B cells, recruitment of macrophages, 
neutrophils, natural killer (NK) cells, cytokines, and 
antimicrobial peptides that attack foreign or pathogenic 
bodies.1 The HLA Class I present intracellular-derived 
peptides to CD8+ T cells while HLA Class II present 
exogenous peptides to CD4+ T cells.2 Thus, therapeutic 
interventions involving extracellular antigens must be 
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presented via HLA Class II molecules, which are only 
expressed by antigen-presenting cells.3

The classical HLA Class II genes: HLA-DP, HLA-
DQ, and HLA-DR are highly polymorphic such that more 
than 300 alleles are found in each of the loci mentioned.4 
Recent database information shows that there are around 
3,920 HLA class II identified, which exemplify the genomic 
diversity of HLA.5 Investigations on the frequencies of 
the different HLA alleles reveal that certain variants are 
expressed predominantly in specific populations. In particular, 
a study of HLA distribution among Filipinos showed 
that HLA DRB1*1502 is the most commonly occurring 
HLA Class II allele.6 As of the time of writing, no follow 
up investigation has been conducted on HLA typing in 
Filipinos except for this study.

HLA typing by PCR is one of the most utilized 
molecular techniques in determining the allele present 
in an HLA locus. One significant clinical application for 
HLA typing is its use in tissue/organ transplant wherein 
cross-matching between immune cells of donors and 
antibodies of recipients are thoroughly investigated.7 HLA 
typing can also be applied in designing antigens for cancer 
immunotherapies such as dendritic cell vaccines. The 
downstream application to immune cell therapy may involve 
allogeneic dendritic cell therapy and this entails specific types 
of HLA alleles to be identified for developing antigenic 
cancer peptides against them. 

Currently, identification of HLA allelic variants among 
cancer patients is not part of the stem cell immunotherapeutic 
program of the Lung Center of the Philippines. However, 
by knowing the type of HLA allele and the type of peptide 
it can present, appropriate antigenic peptide design can be 
done to elicit the optimum response from the dendritic cell 
and its subsequent activation of T cells. The ideal activity 
of HLA DR helper T cell epitope was also proven to be 
valuable in generating an efficient cytotoxic T cell response 
in cancer immunotherapy.8 Further, developing a low-cost, 
in-house, and PCR-based HLA typing specific to a target 
HLA will be beneficial since commercial versions are more 
generic in their typing strategies, and have little use in the 
dendritic cell vaccination protocol due to minimal specificity. 
There are also no data available on the commercial typing 
for Filipino patients specifically, for those who availed 
immune cell therapy. Thus, this study aimed to identify 
the expression of HLA Class II DRB1 allelic variants in 
Filipino cancer patient cell samples as a platform for the 
development of effective cancer immunotherapy vaccines. 

Moreover, this research aimed to develop a reverse 
transcription polymerase reaction (RT-PCR) amplification 
protocol to identify the presence of HLA Class II DRB1 
allelic variants in ten (10) Filipino cancer patient cell 
samples. The specific objectives of this investigation were 
the following: 1) to design forward and reverse primers for 
HLA Class II DRB1, 2) to optimize PCR conditions for 
amplifying HLA Class II DRB1, and 3) to identify HLA 

Class II DRB1 allelic variants from samples by sequencing 
and database comparison.

MATERIALS AND METHODS

Sample Acquisition
Ten anonymized unstimulated stem cell samples from 

cancer patients were obtained from the Molecular Diagnostics 
and Cellular Therapeutics Laboratory (MDCTL) of the 
Lung Center of the Philippines (LCP). These stored 
samples have been previously collected by physicians and 
members of the MDCTL team from patients under the 
stem cell therapeutics program of the LCP who have signed 
written consent forms for the use of their samples for future 
studies to improve the immune cell therapy of MDCTL.

Total RNA Extraction
The total RNA from the frozen samples were collected 

using RNeasy kit (Qiagen GmbH, Hilden, Germany) 
according to the manufacturer’s instructions. Quantitation 
of total RNA was done using a QuantusFluorometer. 
Samples were stored at -80°C until use.

cDNA Synthesis 
cDNA synthesis (10 μL) of the RNA samples was 

done using 0.5 μL of 50 μM Oligo(dT)20, 0.5 μL of 
10 mM dNTP, 5.1μL of sterile nuclease-free water, and 
0.4 μL of RNA sample heated at 65°C for 5 minutes and 
consequent dropping of temperature to 4°C for 2 minutes. 
The mixture was centrifuged briefly and was added with 2 
μL of 5X first-strand buffer, 0.5 μL of 0.1 M DTT, and 1 
μL of 200 units/μL SuperScriptTM II Reverse Transcriptase 
(Invitrogen, California, United States). The mixture was 
incubated at 25°C for 5 minutes and at 55°C for 60 
minutes. Finally, the reaction was inactivated by heating at 
70°C for 15 minutes. Samples were stored at -20°C until use. 

Primer Design for HLA DRB1
Primers were designed against the HLA Class 

II DRB1*15026 variant to target conserved regions 
of the gene using the nucleotide sequence from the 
Immuno Polymorphism Database-ImMunoGeneTics/
Human Leukocyte Antigen (IPD-IMGT/HLA) with 
accession number: HLA008675 (Appendix A). The 
OligoAnalyzer 3.1 of Integrated DNA Technologies was 
used for designing the forward and reverse primers. The 
resulting primers were analyzed with Primer-BLAST. 
In the absence of cross-reactions with other non-HLA 
DRB sequences, the primers were ordered from Integrated 
DNA Technologies, Singapore.

PCR Optimization
Gradient PCR reactions were performed with the 

PCR reaction mix shown in Table 1, and ran in a T100TM 
Bio-Rad Thermal Cycler (USA).
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Cycling was performed with the conditions shown in 
Table 2. Amplifications were confirmed by running the 
PCR products in 1.5% agarose gels in 1X Tris-borate-
EDTA (TBE) buffer (0.054 g/mL Tris base, 0.028 g/mL 
Boric acid, and 0.5 M Na2EDTA).

Reverse Transcription PCR Amplification 
PCR reactions (10 μL) were performed for the 

ten cancer patient samples with the PCR reaction mix 
shown in Table 3, and ran in a T100TM Bio-Rad Thermal 
Cycler (USA).

Cycling was performed with the conditions shown in 
Table 4. Amplifications were confirmed by running them 
in 1.5% agarose gels.

DNA Sequencing
Samples that were positive for amplification from 

the AGE run were gel-purified using GF-1 Gel DNA 
Recovery Kit (Vivantis, Malaysia) and 30 μL of the DNA 
sample (at least 50 ng/μL) were sent to Macrogen, Korea 
for sequencing. The resulting sequences were analyzed by 
obtaining consensus sequences for the ten cancer patient 
samples for the forward and reverse sequences via MEGA7. 
The consensus sequences were run with NCBI BLAST to 
identify the HLA DRB1 allelic variant obtained in each 
Filipino cancer patient sample.

RESULTS AND DISCUSSION

Analysis of Primers for HLA DRB1
The forward primer designed against HLA DRB1*1502 

(IPD-IMGT/HLA Accession No. HLA00867) was 5’- 
ATG GTG TGT CTG AAG CTC CCT G-3’. According 
to OligoAnalyzer 3.1, the forward primer has a melting 
temperature of 59.1°C and GC content of 54.5% which 
implies that it falls under the recommended characteristics 
of a desirable primer. In general, primers with a melting 
temperature in the range of 50 to 62°C produce more desirable 
results and this is important to note since identifying the 
value for melting temperature is the most crucial part for a 
PCR analysis to be successful.9 

The reverse primer designed using the IPD-IMGT/
HLA nucleotide sequence HLA DRB1*1502 was 5’- TCA 
GCT CAG GAA TCC TGT TGG C - 3’. According to 
OligoAnalyzer 3.1 (Integrated DNA Technologies), the 
reverse primer has a melting temperature of 59.4°C and GC 
content of 54.5%. 

Using Primer Blast from NCBI, the designed primers 
are shown to be specific to HLA DRB1 but may be cross-
reactive with HLA Class II allelic variants DRB3 and DRB4 
since HLA DRB allelic variants exhibit high sequence 
similarity with differences in a small number of nucleotides. 
Nevertheless, the primers can still be used because of 
their specificity. From Primer BLAST, the length for HLA 
DRB1 is predicted to be 801 bp.

Integrity of Purified Total RNA
Total RNA from ten frozen unstimulated stem cell 

samples of Filipino cancer patients was obtained using 
RNeasy kit from Qiagen. The results for the quantitation 
of total RNA was using a QuantusFluorometer as shown 
in Appendix B. The gel profile of the extracted total RNA 
is shown in Figure 1.

Table 1. Reaction concentration and volumes for optimization 
of annealing temperature

Component and Reagent Final 
Concentration

Required 
Volume (μL)

5X Green GoTaq® Flexi Buffer 1X 2.00 
25 mM MgCl2 2.5 mM 1.00 
10 mM dNTP 0.2 mM 0.20 
5 units/μL GoTaq®Flexi DNA 
Polymerase

0.125 units/μL 0.25 

10 μM Forward primer 1 μM 1.00
10 μM Reverse primer 1 μM 1.00
cDNA template 0.50
Sterile nuclease-free water Up to 10 μL 4.05 

Table 3. Reaction concentration and volumes for RT PCR 
amplification

Component and Reagent Final 
Concentration

Required 
Volume (μL)

5X Green GoTaq® Flexi Buffer 1X 2.00
25 mM MgCl2 1 mM 0.40
10 mM dNTP 0.2 mM 0.20
5 units/μL GoTaq®Flexi DNA 
Polymerase

0.125 units/μL 0.25

10 μM Forward primer 0.2 μM 0.20
10 μM Reverse primer 0.2 μM 0.20
cDNA template 0.50
Sterile nuclease-free water Up to 10 μL 6.25

Table 2. PCR cycling conditions for optimization of annealing 
temperature

Process Time Temperature
Initial denaturation 2 min 94°C
Denaturationa 30 s 94°C
Annealinga 30 s 55-65°C
Extensiona 1 min 72°C
Final extension 5 min 72°C

a	Denaturation,	annealing,	and	extension	were	set	to	undergo	35	cycles

Table 4. PCR cycling conditions for RT PCR amplification
Process Time Temperature

Initial denaturation 2 min 94°C
Denaturationa 30 s 94°C
Annealinga 30 s 55-65°C
Extensiona 1 min 72°C
Final extension 5 min 72°C

a	Denaturation,	annealing,	and	extension	were	set	to	undergo	35	cycles
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The presence of prominent bands at greater than 3 
kb indicates a successful synthesis of cDNA which can 
be used as template for PCR reactions to identify the 
presence of HLA Class II DRB1 allelic variants in Filipino 
cancer patient samples.

PCR Optimization of Annealing Temperature and 
Mg2+ Concentration

The proper annealing of primers in a PCR reaction is 
dependent on multiple factors such as buffer composition, 
concentration of primers, concentration of Mg2+, and 
the annealing temperature.12 Of these, the optimum 
annealing temperature and Mg2+ concentration are the most 
commonly altered parameters to increase PCR specificity. 
Consequently, there were the parameters altered for the 
amplification of the HLA Class II DRB1. Patient 1 and 
Patient 5 cDNA were subjected to gradient PCR with 
varying annealing temperatures at 55 to 65°C (Figure 3).

Lanes 1-8 and lanes 9-16 correspond to Patient 1 
and Patient 5, respectively. From the gel profile, it can be 
seen that lanes 4 and 12 exhibited bands that are the most 
distinct and separated. This corresponds to an annealing 
temperature of 58.8°C for both patient samples. Lanes 1-3 
and 9-11 correspond to annealing temperatures of 55°C, 
55.7°C, and 56.9°C, respectively. Bands can be observed from 
these lanes but are not distinguishable from each other as 
indicated by the large smear present in lanes 1-3 and 9-11. 
In a study conducted by Ruiz-Villalba et al. (2017) for the 
optimization of annealing temperature for amplification of 
DNA in vitro, results show that unwanted PCR products 
were formed at annealing temperatures that were set below 
and above the calculated annealing temperature.13 This can 

Intense and bright bands corresponding to more 
than 3000 bp indicates the presence of an intact RNA. 
RNA of all the patient samples were successfully purified. 
Mammalian mRNA that is intact appears as a band 
ranging from 4-7 kb with faint 28S rRNA and 18S 
rRNA bands with sizes of around 2000 bp and 750 bp, 
respectively10, which explains the two smaller bands observed 
at Lanes 2 and 5 (Figure 1). 

The concentration of the RNA isolated from the frozen 
unstimulated stem cell samples ranged from 18-105 ng/μL 
making them suitable templates for cDNA synthesis.11

Integrity of cDNA Synthesized
cDNA was constructed from the mRNA of the ten 

(10) frozen unstimulated stem cell samples of Filipino 
cancer patients using SuperScript™ II Reverse Transcriptase 
from (Invitrogen). The gel profile of the cDNA synthesis is 
shown in Figure 2. 

Figure 1. AGE profile of total RNA collected from unstimulated 
stem cell samples (Lanes 1-10) using Qiagen RNeasy 
Kit ran through 1.5% agarose gels in 1X TBE with 
VC 100bp Plus DNA Ladder as the MW Marker (M).

Figure 3. AGE profile of gradient PCR of (A) Patient 1 and 
(B) Patient 5 with varying annealing temperatures. 
Lanes 1,9 – 55°C; Lanes 2,10 – 55.7°C; Lanes 3,11 
– 56.9°C; Lanes 4,12 – 58.8°C; Lanes 5,13 – 61.1°C; 
Lanes 6,14 – 63°C; Lanes 7,15 – 64.3°C; and Lanes 
8,16 – 65°C. Electrophoresis was run through 1.5% 
agarose gels in 1X TBE with VC 100bp Plus DNA 
Ladder as the MW Marker (M).

Figure 2. AGE profile of cDNA generated from RNA samples 
(Lanes 1-10) run through 1.5% agarose gels in 1X 
TBE with VC 100bp Plus DNA Ladder as the MW 
Marker (M).
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be attributed to the non-specific binding of the primers 
to the template. On the other hand, lanes 5-8 and 13-16 
which correspond to annealing temperatures of 61.1°C, 
63°C, 64.3°C, and 65°C showed faint bands or no bands that 
indicates the absence of the desired HLA DRB1 amplified 
product. At high annealing temperatures, the primers 
are not able to anneal efficiently causing a lower yield of 
the desired product.14 The results for the optimization of 
annealing temperature indicates that for the PCR reaction, 
the optimum annealing temperature is 58.8°C. Patient 1 
with annealing temperature set at 58.8°C (Lane 4) exhibited 
3 distinct bands with one corresponding to around 800 bp 
which is the expected product length of the HLA DRB1 
allele. A similar result is exhibited by Patient 5 (Lane 12) 
which further affirms that 58.8°C as the optimum annealing 
temperature. 

However, extraneous bands and faint bands can also 
be observed in Lanes 4 and 12 (Figure 3). Non-specific 
bands are formed when the stringency of PCR conditions 
is compromised. Non-specific PCR products may have 
variable lengths and may look like a ladder. When amplifying 
genomic DNA with highly repetitive sequences which the 
primers were designed against, smears may be also obtained 
in the agarose gel.15

In order to minimize extraneous bands, a gradient 
PCR was done using a lowered MgCl2 concentration from 
2.5 mM to 1 mM. Mg2+ is an essential cofactor for Taq 
polymerase to exhibit its function. Lowering the amount 
of MgCl2 results to a decrease in activity of Taq polymerase 
which promotes specificity for the desired DNA target.15 
Figure 4 shows the gel profile for the optimization of MgCl2 
concentration run through 1.5% agarose gels in 1X TBE 
with VC 100bp Plus DNA Ladder as the MW Marker (M).

Lanes 1-8 corresponds to the annealing temperatures 
55°C, 55.7°C, 56.9°C, 58.8°C, 61.1°C, 63°C, 64.3°C, and 
65°C, respectively. In Figure 4, Lane 4 corresponds to an 
annealing temperature of 58.8°C and shows an ideal band 
with a high yield but relatively low specificity. However, it 
is chosen over Lane 5, having an annealing temperature of 
61.1°C, since it is desirable to have a high yield of the DNA 
for downstream applications. Combining the results obtained 
from the gel profile of the gradient PCR in Figure 3 and 
Figure 4, it can be said that a final concentration of 1 mM 
of 25 mM MgCl2 and an annealing temperature of 58.8°C 
are optimum for the final PCR conditions.

Analysis of PCR Products
Following the optimized PCR conditions, amplification 

of all ten patient cDNA samples were done to identify the 
HLA Class II DRB1 allelic variants. The PCR products are 
shown in Figure 5.

Patients 1, 2, 3, 5, 8, 9, and 10 showed amplified products 
for HLA Class II DRB1 amplification (Lanes 1, 2, 5, 8, 9, 
and 10), implying that these samples harbor HLA Class II 
DRB1. Non-amplification for Patients 4, 6 and 7, on the other 

hand, may suggest that the patient expressed a non-DRB1 
HLA Class II segment. Further, although all individuals 
harbor HLA DRB1, nucleotide sequences of HLA alleles 
may vary up to 57 bases in the peptide-binding region of 
HLA which may explain the absence of bands for Patients 
4, 6, and 7.16 Such molecular differences are important to 
consider especially in identifying graft-versus-host disease 
and rejection, and for developing antigenic peptides for 
dendritic cell cancer vaccines. There are increasing number 

Figure 4. AGE profile of gradient PCR of Patient 1 with 0.4 
μL (1mM) of 25 mM MgCl2. Lanes 1-8 correspond 
to annealing temperatures of 55°C, 55.7°C, 56.9°C, 
58.8°C, 61.1°C, 63°C, 64.3°C, and 65°C, respectively. 
Electrophoresis was run through 1.5% agarose gels in 
1X TBE with VC 100bp Plus DNA Ladder as the MW 
Marker (M).

Figure 5. PCR products from running the 10 cancer patient 
samples. Lanes 1-10 correspond to Patients 1-10, 
respectively. Electrophoresis was run through 1.5% 
agarose gels in 1X TBE with VC 100bp Plus DNA 
Ladder as the MW Marker (M).
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of evidences that point toward diminishing survival among 
patients subjected to hematopoietic stem cell transplantation 
due to changes, even if very minimal, in HLA alleles between 
donor and recipient.17 Moreover, peptide binding is also 
dependent in the HLA allele that is present in an individual 
and this is a critical factor in designing antigenic peptides 
for dendritic cell cancer vaccine as it will only work on 
individuals who harbor the specific HLA allele.18 The other 
small faint bands that were visible besides the desired PCR 
product may be due to partial amplification of the desired 
product or it may be the primer itself. It is important to 
note that other factors may potentially affect the success of 
implementing this assay which may come from the source 
as in harvest of hematopoietic stem cells via leukapheresis.19 
To confirm the identity of the amplified products, they were 
gel-purified and sent for sequencing. However, Patient 3 
(Lane 3) does not meet the requirement for DNA sequencing 
because of its low concentration as seen from the faint band 
at around 800 bp.

DNA Sequencing Results
Out of the 10 patients analyzed, 6 showed positive 

amplification of HLA DRB1. Table 5 presents the summary 
of the results obtained from the amplification of HLA 
Class II DRB1 of the ten Filipino cancer patient samples. 
The sequencing results show that the HLA DRB1 allelic 
variants can be amplified using the primers that were 
designed. However, it was also seen that it can be cross-
reactive to other HLA DRB allelic variants as shown by 
Patient 2 who had higher max score and % identity for HLA 
DRB3 due to high sequence similarity between DRB1 and 
DRB3. Nevertheless, this study was able to suggest the DRB 
allelic variants contained in the patient samples. Thus, the 
samples can be utilized for the downstream development 
of antigenic peptides for dendritic cell cancer vaccine.

CONCLUSION

From this study, primers against the HLA Class II 
DRB1 were successfully designed allowing the amplification 
of HLA Class II DRB1 allelic variants from cancer patient 
samples of unstimulated stem cell with high specificity and 
minimal cross-reactivity. PCR conditions were successfully 
optimized in terms of MgCl2 concentration at 1 mM and 
annealing temperature of 58.8°C. 

Since the success of an immunotherapy via dendritic cell 
vaccine relies mainly on the HLA type of an individual, it is 
recommended to test the primers that were designed with 
other samples containing known HLA alleles apart from 
HLA DRB1. If it is found that the primers are specific to 
HLA DRB1 then it can be used as a primer for standard 
HLA typing methods. Moreover, the primers can be used in 
multiplex PCR for HLA DRB1 identification in individuals. 
More patient samples can also be used for identifying HLA 
allelic variants to further validate the primers designed. 
It is also recommended that the patients that were tested 
positive for HLA Class II DRB1 be utilized for downstream 
applications such as the development of antigenic peptides 
for cancer immunotherapy treatment such as dendritic 
cell vaccine.
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Table 5. Summary of the results obtained from the amplification of the HLA Class II DRB1 in ten Filipino cancer patient samples

Sample Amplified HLA 
Class II DRB1? Allelic Variant with Maximum Score from BLAST Gene Accession 

Numberb

Patient 1 Yes Homo sapiens MHC class II antigen (HLA-DRB1) mRNA, HLA-DRB1*04:06:01 allele, 
complete cds

MK342635

Patient 2 Yes Homo sapiens MHC class II antigen (HLA-DRB1) mRNA, HLA-DRB1*12:01:01 allele, 
complete cds

MK342636

Patient 3 No N/A N/A
Patient 4 No N/A N/A

Patient 5 Yes Homo sapiens MHC class II antigen (HLA-DRB1) mRNA, HLA-DRB1*0813 allele, 
complete cds

MK342637

Patient 6 No N/A N/A
Patient 7 No N/A N/A

Patient 8 Yes Homo sapiens MHC class II antigen (HLA-DRB1) mRNA, HLA-DRB1*04:05:01 allele, 
complete cds

MK342638

Patient 9 Yes Homo sapiens MHC class II antigen (HLA-DRB1) mRNA, HLA-DRB1*09:01:02 allele, 
complete cds

MK342639

Patient 10 Yes Forward: Homo sapiens MHC class II antigen (HLA-DRB1) mRNA, HLA-DRB1*16:02:01 
allele, complete cds

MK342640

b	Consensus	sequences	for	patients	1,	2,	5,	8,	9,	and	10	are	shown	in	Table	C1	(Appendix	C).
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UP Manila College of Medicine, and Lung Center of 
the Philippines.

Supplemental data
Supplemental data (Sequencing results for the ten 

cancer patient samples using primers designed for HLA 
Class II DRB1*1502) are available upon request to the 
corresponding author.
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APPENDICES

Appendix A. HLA Class II DRB1*1502 DNA sequence used for primer design. The sequence was derived from IPD-IMGT/
HLA Accession No. HLA00867

Nucleotide Sequence Data (801bps)
ATGGTGTGTCTGAAGCTCCCTGGAGGCTCCTGCATGACAGCGCTGACAGTGACACTGATGGTGCTGAGCTCCCCACTGGCTTTGTCTGGGGA-
CACCCGACCACGTTTCCTGTGGCAGCCTAAGAGGGAGTGTCATTTCTTCAATGGGACGGAGCGGGTGCGGTTCCTGGACAGATACTTCTATAAC-
CAGGAGGAGTCCGTGCGCTTCGACAGCGACGTGGGGGAGTTCCGGGCGGTGACGGAGCTGGGGCGGCCTGACGCTGAGTACTGGAACAGC-
CAGAAGGACATCCTGGAGCAGGCGCGGGCCGCGGTGGACACCTACTGCAGACACAACTACGGGGTTGGTGAGAGCTTCACAGTGCAGCGGC-
GAGTCCAACCTAAGGTGACTGTATATCCTTCAAAGACCCAGCCCCTGCAGCACCACAACCTCCTGGTCTGCTCTGTGAGTGGTTTCTATCCAG-
GCAGCATTGAAGTCAGGTGGTTCCTGAACGGCCAGGAAGAGAAGGCTGGGATGGTGTCCACAGGCCTGATCCAGAATGGAGACTGGACCTTC-
CAGACCCTGGTGATGCTGGAAACAGTTCCTCGAAGTGGAGAGGTTTACACCTGCCAAGTGGAGCACCCAAGCGTGACAAGCCCTCTCAAGTG-
GAATGGAGAGCACGGTCTGAATCTGCACAGAGCAAGATGCTGAGTGGAGTCGGGGGCTTTGTGCTGGGCCTGCTCTTCCTTGGGGCCGGGCT-
GTTCATCTACTTCAGGAATCAGAAAGGACACTCTGGACTTCAGCCAACAGGATTCCTGAGCTG
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Appendix C. Consensus sequences from the forward and reverse sequences aligned using MEGA7
Consensus Sequence Position

Patient 1 
(Gene Accession 
number: MK342635)

TGGCAGCTTTGACAGTGACACTGATGGTGCTGAGCTCCCCACTGGCTTTGGCTGGGGACACCCGAC-
CACGTTTCTTGGAGCAGGTTAAGTCTGAGTGTCATTTCTTCAATGGGACGGAGCGGGTGCGGTTCCTG-
GACAGATACTTCCATAACCAGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTACCGGGCG-
GTGACGGAGCTGGGGCGGCCTGATGCCGAGTACTGGAACAGCCAGAAGGACCTCCTGGAGCAGAGGC-
GGGCCCAGGTGGACACTTACTGCAGACACAACTACGGGGTTGTGGAGAGCTTCACAGTGCAGCGGC-
GAGTCCATCCTGAGGTGACTGTGTATCCTGCAAAGACCCAGCCCCTGCAGCACCACAACCTCCTGGTCT-
GCTCTGTGAGTGGTTTCTATCCAGGCAGCATTGAAGTCAGGTGGTTCCGGAACGGCCAGGAAGAGA-
AGACTG

35-508

Patient 2
(Gene Accession 
number: MK342636)

TCTGACAGTGACACTGATGGTGCTGAGCTCCCGACTGGCTTTCGCTGGGGACACCCGACCACGTTTCTTG-
GAGTTGTCTAAGTCTGAGTGTCATTTCTTCAATGGGACGGAGCGGGTGCGGTTCCTGGAGAGA-
CACTTCCATAACCAGGAGGAGTTCCTGCGCTTCGACAGCGACGTGGGGGAGTTCCGGGCGGTGACG-
GAGCTGGGGCGGCCTGTCGCCGAGTCCTGGAACAGCCAGAAGGACCTCCTGGAACACAAGCGCGCCCC-
GGTGGACACTTATTCAGACACAACTACGGGGTTGTGGAGAGCTTCACAGTGCAGCGGCGAGTCCATCCT-
CAGGTGACTGTGTATCCTTCAAAGACCCAGCCCCTGCAGCACCACAACCTCCTGGTCTGTTCTGTGAGTG-
GTTTCTATCCAGGCAGCATTGAAGTCAGGTGGTTCC

44-487

Patient 5 
(Gene Accession 
number: MK342637)

ATA A C C A A G A G G A G TA C G C G C G C T T C G A C A G C G A C G T G G G G G A G TA C C G G G C G G T-
GAGGGAGCTGGGGCGGCCTGATGCCGAGTACTGGAACAGCCAGAAGGACCTCCTGGAACACAAGC-
GGGGCCAGGTGGACACTTACTGCAGACACAACTACGGGGTTGGTGAGAGCTTCACAGTGCAGCGGC-
GAGTCCATCCTCAGGTGACTGTGTATCCTGCAAAGACCCAGCCCCTGCAGCACCACAACCTCCTGGTCT-
GTTCTGTGAGTGGTTTCTATCCAGGCAGCATTGAAGTCAGGTGGTTCCGGAACGGCCAGGAAGAGA-
AGGCTGGGGTGGTGTCCACAGGCCTGATCCACAATGGAGACTGGACCTTCCAGACCCTGGTGATGCTG-
GAAACAGTTCCTCGGAGTGGAGAGGTTTACACCTGCCAAGTGGAGCACCCAAGCGTAACGAGCCCTCT-
CACAGTGGAATGGAGTGCACGGTCTGAATCTGCACAGAGCAAGATGCTGAGTGGAGTCGGGGGCTTT-
GTGGTGGGCCTGCTCTTCCTTGGGGCCGGGCTGTTCATTTACTTCAAGAT

136-709

Patient 8
(Gene Accession 
number: MK342638)

GGAGCAGAGGCGGGCCGCGGTGGACACCTACTGCAGACACAACTACGGGGTTGGTGAGAGCTTCA-
CAGTGCAGCGGCGAGTCCATCCTGAGGTGACTGTGTATCCTGCAAAGACCCAGCCCCTGCAGCACCA-
CAACCTCCTGGTCTGCTCTGTGAGTGGTTTCTATCCAGGCAGCATTGAAGTCAGGTGGTTCCGGAACGGC-
CAGGAAGAGAAGACTGGGGTGGTGTCCACAGGCCTGATCCAGAATGGAGACTGGACCTTCCAGACCCTG-
GTGATGCTGGAAACAGTTCCTCGGAGTGGAGAGGTTTACACCTGCCAAGTGGAGCACCCAAGCGTGAC-
GAGCCCTCTCACAGTGGAATGGAGAGCACGGTCTGAATCTGCACAGAGCAAGATGCTGAGTGGAGTC-
GGGGGCTTTGTGCTGGGCCTGCTCTTCCTTGGGGCCGGGCTGTTCATCTACTTCAGGAATCAGAAA

291-762

Patient 9
(Gene Accession 
number: MK342639)

AGGTGGACACCGCGTGCAGACACAACTACGGGGTTGGTGAGAGCTTCACAGTGCAGAGGCGAGTC-
CATCCTGAGGTGACTGTGTATCCTGCCAAGACTCAGCCCCTGCAGCACCACAACCTCCTGGTCT-
GCTCTGTGAGTGGTTTCTATCCAGGCAGCATTGAAGTCAGGTGGTTCCGGAACGGCCAGGAAGAGA-
AGGCTGGGGTGGTGTCCACAGGCCTGATCCAGAATGGAGACTGGACCTTCCAGACCCTGGTGATGCTG-
GAAACAGTTCCTCGGAGTGGAGAAGTTTACACCTGCCAAGTGGAGCACCCAAGTGTGATGAGCCCTCTCA-
CAGTGGAATGGAGAGCACGGTCTGAATCTGCACAGAGCAAGATGCTGAGTGGAGTCGGGGGCTTTTGT-
GCTGGGCCTGCTCTTCCTTGGGGCCGGGCTGTTCATCTACTTCAAGAATCAGAAAGGACAC

308-705

Patient 10
(Gene Accession 
number: MK342640)

TTTCCTGTGGCAGCCTAAGAGGGAGTGTCATTTCTTCAATGGGACGAAGCGGGTGCGGTTCCTGGA-
CAGATACTTCTATAACCACGAAGAGTCCGTGCGCTTCAACAGCGACTTGGGGGAATACCGGGCGGT-
GACGGAGCTGGGGCGGCCTGACGCTGAATACTGGAACAGCCACAAGGACCTCCTGGAAGATAGGC-
GCGCCGCGGTGGACACCTACTGCAGACACAACTACGGGGTTGGTGAGAGCTTCACAGTGCAGCGGC-
GAGTCCAACCTAAGGTGACTGTATATCCTTCAAAGACCCAGCCCCTGCAGCACCACAACCTCCTGGTCT-
GCTCTGTGAGTGGTTTCTATCCAGGCAGCATTGAAGTCAGGTGGTTCCTGAACGGCCAGGAAGAGA-
AGGCTGGGATGGTGTCCACAGGCCTGATCCAGAATGGAGACTGGACCTTCCAGACCCTGGTGATGCTG-
GAAACAGTTCCTCGAAGTGGAGAGGTTTACACCTGCCAAGTGGAGCACCCAAGCGTGACAAGCCCTCT-
CACAGTGGAATGGAGACCCTCGTCAGTTTCTGCACAGAGCTTCATGATGAGAGGAGTCGGGGGGCTC

105-705

Appendix B. RNA concentrations of the ten cancer patient samples measured using QuantusFluorometer

Sample
RNA (ng/μL)

Average Concentration (ng/μL)
Trial 1 Trial 2 Trial 3

Patient 1 79.6 79.2 79.0 79.3
Patient 2 95.6 95.2 94.8 95.2
Patient 3 18.0 18.0 18.0 18.0
Patient 4 27.6 27.5 27.4 27.5
Patient 5 39.2 39.0 38.8 39.0
Patient 6 105.0 105.0 105.0 105.0
Patient 7 33.3 33.3 33.2 33.3
Patient 8 53.6 53.0 52.7 53.1
Patient 9 68.2 68.0 67.9 68.0

Patient 10 54.5 54.3 53.7 54.2
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