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High-risk human papillomavirus (HPV) infection is a major risk factor for cervical
carcinogenesis, especially type 16 and 18. This cancer affect to deaths in the most
women. Although there is a vaccine to prevent but identify types of HPV in laboratory
remain very important for vaccination. In the present, polymerase chain reaction
(PCR) technique is gold standard for identifying HPV types but this technique is timeconsuming and expensive instrument for some laboratory. The aim of this study was
to develop the platform for HPV-16 and HPV-18 detection using loop-mediated
isothermal amplification combined with lateral flow dipstick (LAMP-LFD). The
results showed that detection by LAMP-LFD techniques was comparable to agarose
gel electrophoresis but using a shorter time with greater accuracy compared to

.

turbidity. The results showed that LAMP-LFD techniques for detecting HPV type 16
and 18 gave 100% sensitivity at 100 viral copy number and no cross-reaction between
other HPV types was observed. The results in clinical samples and interpretation by
agarose gel showed the sensitivity were 91% and 82% for HPV type 16 and 18,
respectively. The specificity was 100% in both HPV type 16 and 18. In addition,
sensitivity and specificity were 87% and 100% respectively in HPV type 16 detection.
The data indicated that efficacy of LAMP technique combined with LFD for detection
HPV is promising for further point-of-care diagnostic development.
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CHAPTER 1
INTRODUCTION
1.1 Background and rational of the study
Cervical cancer ranks as the fourth most common cancer among women and the
second most frequent cause of cancer-related death worldwide [1]. Major cause of the
cervical cancer is the persistent infection of human papillomavirus (HPV) which
caused by sexually transmitted infections.
HPV is a large group of double-stranded DNA virus whose infection usually
causes benign epithelial lesions (warts). However, infection with certain subtypes of
HPV, such as HPV-16, HPV-18, and HPV-31 are associated with an increased risk of
developing cervical cancer as well as several other anogenital cancers and now
increasingly in one subset of head and neck cancers, oropharyngeal squamous cell
carcinoma (OPSCC) [2]. HPVs cannot be cultured to grow in laboratory, therefore, the
best way to detect HPV is to directly detect the DNA in the specimen.
In the present, detection of HPV strain is targeted at DNA in the specimen. Many
techniques has been developed to increase the amount of genes or DNA that interest in
the detection. Polymerase chain reaction (PCR) and real-time PCR are standard
techniques to determine HPV infection. However, the process of testing is laborious
time-consuming and require sophisticate equipment.
To date, several isothermal amplification techniques have been extensively
developed without using thermolcycler. Isothermal DNA amplification techniques are
simple, rapid, cost effective with equivalent specificity and sensitivity to PCR [3]. In
particular, loop-mediated isothermal amplification (LAMP), an isothermal gene
amplification technology, has been explored for the molecular diagnosis of infectious
diseases. The LAMP reaction was performed successfully at 60-65
could be obtained within 50-60 minutes [4].
,<

oc and the results
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In addition, the inspection kit based on the principle of immunochromatographic
assay (also known as lateral flow dipstick; LFD) is a very popular methods nowadays
because it is easy to use, the methods of checking does not require complicated
equipments and reading results can be done quickly.
Therefore, if the application or modification of the LAMP technique combined
with LFD into detection and interpretation of oncogenes of HPV from PCR to LAMPLFD successfully, it will results in HPV infected patients being treated properly and
quickly for reducing the risk of death in HPV infected patients. In addition, if the
performance of LAMP-LFD is effective and accurate, it can be applied to detection
and interpretation with other infection disease and this technique can also be applied to
hospitals at without PCR instrument.

1.2 Hypothesis of the study
Detection test based on loop-mediated isothermal amplification (LAMP)
combined with lateral flow dipstick (LFD) could be useful for rapid detection of
human papillomavirus (HPV).

1.3 Objectives of the study
1.3.1 To detect oncogenic HPV types 16 and 18 by using LAMP combined
with LFD in clinical samples.
1.3.2 To evaluate the analytical performane of LAMP technique.

1.4 Scopes and limitations of the research
It is a study of oncogenic HPV-16 and HPV-18 of patients who have conduction
of cervical cancer and use LAMP combined with LFD into detection and
interpretation.

1.5 Research site
College of Medicine and Public Health, Ubon Ratchathani University, Ubon
Ratchathani Province, Thailand.
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1.6 Anticipated outcomes
LAMP combined with LFD technique provides a high sensitive and specific for
rapid detection approach and might be used for detection in low-resource setting.

CHAPTER2
LITERATURE REVIEWS
2.1 Human papillomavirus (HPV)

Human papillomavirus (HPV) is group papillomaviridae of small non-enveloped
DNA virus with icosahedral structure. The circular, double-stranded viral genome size
is approximately 8 kbp. The viral components consist of histone, viral DNA, and
capsid protein L1 and L2, which are the viral structural proteins. The structure and
composition ofHPV as shown in Figure 2.1 [5].
In the present, more than 150 types of HPV are currently known and
approximately 120 types are fully sequenced. The classification of HPV types is based
mainly on sequence analyses of the L1 gene, which is the most conserved gene in all
known papilloma viruses. In addition, HPV is also classified according to cutaneous or
mucosal tropism characteristics. The cutaneous types are associated with skin lesions.
HPV-1, -2, and -4 are most prevalent in plantar warts. HPV-5, -8, -9, -12, -14, -15, 17, -19, -25, -36, -46, and -47 are frequently found in epidermodysplasia verruciforme.
HPV-5 and -8 are also related to skin carcinoma. Mucosal types can be subdivided
into low-risk (LR-HPV) and high-risk (HR-HPV) types based on oncogenic potential.
The most relevant low-risk types are HPV-6, -11, -40, -42, -43, -44, -54, -61, -70, and
-72 which can be observed in benign genital mucosal lesions. HPV-31, -33, -35, -52,58, and -67 are known to be moderate to high-risk, and among the high-risk types,
HPV-16 and -18 are most common in various cancers such as cervical cancer,
oropharyngeal squamous cell carcinoma (OPSCC), and penile carcinoma [6].
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Capstd pro ein l1

T=7d
Figure 2.1 Structure and composition of papillomaviridae.
Icosahedral capsids with a triangulation number (T=7) are composed
of 12 pentameric and 60 hexameric capsomeres for a total of 420
capsid proteins. These capsids are skewed and described as either
right-( dextro) handed [7].

2.2 Risk factors for infection of HPV
HPV is a viral infection that passed between people through skin-to-skin contact.
Most HPV infections cause no symptom and resolve spontaneously. In some people,
HPV infection persists and results in warts or precancerous lesions. The untreated
precancerous lesions increase the risk of cancer.
Risk factors for infection of HPV are mostly sexual intercourse without
protection, sexual intercourse at a young age, having many partners, and pregnancy at
a young age. Especially, infection of high-risk HPV (HPV types 16 and 18) is the
major cause of cervical cancer in women. The low-risk HPV (HPV types 6 and 11)
can cause genital warts. In addition, supplementary factors or co-factors also proceed
of disease from benign to cervical cancer such as gynecological risk factors and male
risk factors .
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2.3 Genome of HPV
HPV

contains

a

circular double-stranded

DNA

genome composed

of

approximately 8,000 bp, which is enclosed in a capsid made of proteins. There are 810 open reading frames (ORFs) which can be divided into 3 regions: upstream
regulatory region (URR), early gene (E) , and late gene (L) as shown in Figure 2.2.
Upstream regulatory region (URR) or non- coding region (NCR) is not translated into
proteins. It functions as gene regulators. Early gene (E) or early region synthesizes
proteins at the beginning of the life cycle. It consists of E1 , E2, E4, E5, E6, and E7
proteins. Expressions of these proteins is regulated in the early stage of infection and
involved in increasing the number of viruses. Late gene (L) or late region functions in
the latter stage of the life cycle consists of two structural proteins (Ll protein and L2
protein). L1 protein creates a protein enveloping the viral genome called major capsid.
This sequence of protein is important for the detection and identification of HPV
strains. L2 protein is a minor capsid which is involved in the process assembly and
attachment with host cells [8, 9].

H V genome orgamzataon

URR
URR

Promoter and
nhancer elements
iraiORI

El
HPV16

Early genes

El-Replication
E2-Replication and
transcription
E4-Viral release
ES-Immune evasio
L1-Major capsid protein
rotein

ES

Figure 2.2 Genome ofHPV (10].

E6- Binds p53
E7-Binds RB
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2.3.1 Upstream regulatory region (URR)
The size of URR is about 800-1,000 base pairs and not translated into
proteins. It is the control area of genes expression and the beginning of DNA
replication. The URR contains cis-enhancer elements to many cellular and viral
factors. Binding of these factors to the URR modulates both viral replication and viral
gene transcription. Binding sites have been identified for the El and E2 viral proteins,
as well as for the cellular factors Sp 1 (specificity protein 1), API (activator protein 1),
and NFl (neurofibromin 1), among others [11].
2.3.2 Early gene (E) or early region
Early gene (E) or early region consists of 8-10 open reading frames (ORFs)
including El, E2, E4, E5, E6, and E7 proteins. This group of genes is responsible for
many proteins that are involved in replication, transcription, and translation. These
genes will be expressed during the early phase of the life cycle.
El protein is a 68 kDa protein with ATPase and helicase with

3'~5'

activities. As a monomer, El weakly binds AT -rich sequences upstream of the start
sites of early-transcribed HPV genes. El-recognition sequences in origins of HPV
replication are adjacent to E2 DNA-binding sites and the latter act to load El on to the
ongm and facilitate higher-affinity binding, thereby initiating origin-specific viral
DNA replication. The recruitment of cellular replication complexes including
chaperone proteins and chromatin-remodelling complexes leads to El binding host
DNA polymerase a. El proteins bound to DNA oligomerize into an hexameric ring
and act as a 3 ' ~ 5' helicase to unwind supercoiled DNA. The regulation of E 1 activity
is not fully understood, but it is known that the protein interacts with mitogen
activated protein kinases (MAPK) and the cell-cycle regulators cyclin E and A. Both
proteins are expressed after cells have progressed through the restriction point.
Mutagenesis studies have been revealed essential cyclin-binding motifs, serine
residues that are CDK (cyclin-dependent kinase) sites and a dominant leucine-rich
NES (nuclear export sequence) located on El which are important for its nuclear
localization and the overall ability of the virus to adapt the cellular regulatory
mechanisms to support viral replication [12] .
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E2 protein is a 50 kDa transcription factor which plays an integral role in
transcriptional regulation of early genes, DNA replication and genome maintenance
functions. E2 binds and interacts with numerous cellular factors. The C-terminus
encodes a dimeric

~-barrel

that binds DNA and interacts with E1, whereas the N-

terminus encodes a transactivation a-helix domain-rich in glutamine. The URR of
mucosal HPV DNA contains four consensus palindromic-sequence-specific binding
sites for E2 (E2BSs), three of which are in close proximity to E1-recognition
sequences. These E2BSs are overlapped by recognition sequences for cellular
transcription factors such as TAF (TATA-box-binding-protein-associated factor) and
Sp 1 (specificity protein 1). During early stage of infection, viral gene expression is
minimal and is initiated by transcription factor binding to sequences in the LCR. E2
interacts with these transcription factors as well as CIEBP (CCAAT/enhancer-binding
protein) transcription factors, activation domain-modulating factor-1, p300/CBP
[CREB

(cAMP-response-element-binding

protein)-binding

protein] ,

p/CAF

(p300/CBP-associated factor), NAP-1 (nucleosome-assembly protein 1), and Brd4. E2
represses only genes from the early promoter and help to keep virus copy number low
in undifferentiated cells. The mechanisms of transcriptional repression are poorly
understood, but probably involve E2-mediated recruitment and co-ordination of
several distinct cellular pathways [12].
E4 protein expresses early, but functions to modulate the late phase of the
viral life cycle. As E4 is the third transcripts on polycistronic early rnRNA, very low
protein level is translated because the ribosome-scanning mechanisms of HPV are
relatively inefficient. After epithelial differentiation, E4 becomes the most highly
expressed viral gene due to utilization of the late gene promoter, therefore, placing
these transcripts first and second on polycistronic late rnRNA. The E4 ORF lacks a
unique AUG codon, but is translated with the first five amino acids from E1 because
of splicing events, allowing for an El-E4 fusion protein. In vitro, functions of El-E4
include E4-mediated G2/M-phase arrest via a cyclin-binding motif, association with
and reorganization of keratin intermediate filaments, and regulation of viral gene
expression perhaps by interacting with E4-DBD (DNA-binding domain) RNA
helicase. In vivo, effects remain a matter of debate, but it is known that there is
minimal sequence homology between low-risk and high-risk E4 protein and that the
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high-risk types are more likely to interact with and possibly collapse keratin networks
;

and it is presumed to help release the virus particles from the cells [12].
E5 protein expresses early, but functions to modulate the late phase of the
viral life cycle. As E5 is the fourth transcripts on polycistronic early rnRNA, very little
protein is translated because the ribosome-scanning mechanisms of HPV are relatively
inefficient. E5 is an 83-amino acid hydrophobic protein and therefore localizes to
membrane-bound compartments including

the

golgi,

endosomes,

endoplasmic

reticulum, and the nuclear membrane. The function of this protein is controversial, but
may be associated with immune evasion process. Some studies suggest that HPV E5
activates EGFR (epidermal growth factor receptor). However, mutational analyses
have shown that EGFR is not a direct target of E5 action. Instead, E5 affects EGFR
turnover from the plasma membrane by binding an endosomal vacuolar ATPase, the
results of which is impaired early endosome acidification, increased recycling of
receptors to the cell surface and amplified receptor signalling. In vitro, studies have
shown increased phosphorylation of Akt and ERK1/2 (extracellular-signal regulated
kinase 1/2) associated with E5-mediated enhancement of EGFR signalling, leading to
increased expression ofVEGF (vascular endothelial growth factor) [12].
E6 protein is a 18 kDa 150-amino acid protein. It is expressed
predominantly in the nucleus, but can also be found in the cytoplasm. There are over
12 binding proteins for E6 all of which have a permissive effect on the actions of E7.
The combined effects of these proteins results in cells which do not effectively
segregate and co-ordinate the events of the cell cycle, leading to the accumulation of
mutations because cell cycle checkpoints are attenuated at the Achilles heel: p53. First,
E6 forms a trimeric complex with p53 and a cellular E3 ubiquitin ligase, termed E6AP
(E6-associated protein). This interaction results in ubiquitylation of p53 and
subsequent degradation by the 26S proteasome, drastically reducing the half-life of
p53. Furthermore, E6 can inhibit p53-mediated gene transcription by direct binding
and inhibition of its transcriptional activities. p53 is known to heterodimerize with
various isoforms of the p63 and p73 family. Because the steady-state level of p53 is
reduced as a consequence of E6 expression, it is thought that the differentiation
process is altered because the relative balance between p53 and p63 is disrupted,
possibly leading to poor co-ordination of the genes necessary for normal squamous
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differentiation. In addition, E6 contributes additional mechanisms to allow for
immortalization of cells by activating transcription of TERT (telomerase reverse
transcriptase). This is the catalytic subunit of telomerase, an enzyme usually not
expressed in somatic cells [12].
E7 protein is a 13 kDa 100-amino acid protein. All E7 proteins from HPV
virions have evolved to bind cellular Rb family members, but only high-risk E7 can
efficiently target them for degradation thereby disrupting Rb- E2F-HDAC complexes.
The difference between low-risk E7 and high-risk E7 appears to be attributed to an
aspartate or glycine residue at positions 21 and 22 for the high risk and low risk
respectively. Upon binding, E7 targets Rb family members for ubiquitin-dependent
proteasomal degradation. The results of degraded Rb is constitutive expression of
E2F-responsive genes and the hallmark event in a cell transitioning from resting, or
G 1-phase, to S-phase and subsequent preparation for DNA replication and mitosis
[12] . As a results, cells divide more than normal and uncontrollable.
2.3.3 Late gene (L) or late region

Late gene (L) or late region consists of 2 open reading frames (ORFs)
including L1 and L2 proteins. These express later in the viral life cycle.
L1 protein is a 55 kDa protein with the ability to spontaneously selfassemble into virus-like particles (VLPs) . Assembled VLPs are potent immunogens,
likely due to innate B-cell recognition of the regular icosahedrally displayed spacing
of surface epitopes. These discoveries laid the foundation for the development of the
current VLP-based vaccines that offer highly effective protection against infection
with the cancer-causing HPV types 16 and 18. Since L1 forms the entire exterior
surface of the stabilized mature virion, it obviously must mediate initial attachment to
host tissues or cells. After attachment to cells, L1 must again become pliable enough
to ultimately allow release of the viral genome into a new target cell [13]. Ll protein is
major capsid protein by about 80 percent of the capsid.
L2 protein is a 55 kDa 500-amino acid protein. L2 is a minor capsid protein
component and lacks the capacity to form VLPs. However, L2 co-assembles with L1
into VLPs, enhancing their assembly. Expression of L1 and L2 could not be detected
in infected basal epithelial cells, but they are both detected in the nuclei of the
terminally differentiated cells in the uppermost layers of the squamous epithelium,
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appearing first even later (i.e. higher in the epithelium) than E4. When produced in a
variety of recombinant expression systems, L1 can self-assemble to form empty viruslike particles (VLPs) that are the basis of the licensed HPV vaccines. L2 does not form
VLPs but can be incorporated when co-expressed with L1 in during virion assembly
and the infectious process [14].

2.4 HPV life cycle
The HPV life cycle is tightly linked to the differentiation profile of the host
epithelial cells. HPV infects cells in the basal layer of stratified squamous epithelial
which is exposed as results of small micro-wounds. HPV life cycle starts with an
infection of these basal cells, which are the only proliferating cells in normal epithelia,
as the differentiated cells in the suprabasallayers have normally exited the cell cycle.
During infection, HPV escapes immune surveillance and can remain latently for
decades. Virus will catch with receptor on the host cells surface and resulting in a
process endocytosis two well-studied endocytic pathways are clathrin-mediated
endocytosis and caveolin-mediated endocytosis. These are two commonly used
pathways by non-enveloped viruses. Dynamin is responsible for pinching off the
endocytic vesicles, which form via clathrin-mediated endocytosis or caveolinmediated endocytosis, from the plasma membrane. Early work suggested that HPV -16
used clathrin-mediated endocytosis to invade the host cells [15]. After that, HPV entry
into cells. The viral genome is release from the capsid by host cells will release
enzyme to degrade capsid and viral genome enter the nucleus of the host cells. After
infection, the viral genomes stay in the nucleus as low copy number episomes and
express the viral early genes such as E 1, E2, E6, and E7 by the replication and
transcription. E1 protein and E2 protein, these proteins cooperatively bind to specific
binding sites in the replication origin to initiate replication [16]. E1 protein acts as a
DNA helicase/ATPase to facilitate DNA unwinding and recruits host DNA
polymerases to viral origins and E2 protein has DNA-binding activities and is
important for DNA segregation in mitotic cells. In addition, E2 regulates expressions
of E6, E7, E1, as well as E2 itself via controlling transcription of the early viral
promoter. E6 and E7 promote genome maintenance and viral replication [1]. When the
infected basal cells divide, some daughter cells move up in the epithelium and begin
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the process of terminal differentiation. In these differentiated, HPV -positive cells the
productive phase of the viral life cycle takes place. This requires activation of the
cellular DNA synthesis machinery again, which occurs through the activities of E6
and E7 and thereby allows viral genome amplification in cells that normally would
have exited the cell cycle and the viral copy number increases rapidly to levels of
around 1,000 copies per cell. E4 and E5 regulate late viral functions. E5 has been
shown to be involved in cell motility, adhesion, and proliferation. This process is
followed by capsid protein synthesis, virion assembly and ultimately the release of
new infectious virus particles. The late-phase L1 and L2 capsid proteins encapsidate
newly synthesized viral genomes and mature virions are ultimately shed from the most
superficial layers ofthe epithelium as shown in Figure 2.3 [17] .
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2.5 HPV -mediated cervical carcinogenesis

Viral E6 and E7 are necessary for HPV genome maintenance and amplification,
and act as necessary oncogenes to alter the host environment to be advantageous for
viral replication. In addition, the HPV oncoproteins E6 and E7 are essential for
oncogenic cell transformation [18]. The molecular mechanism of HPV-mediated
cervical carcinogenesis was explained in Figure 2.4. HPV enter the cell via
endocytosis [a] and are trafficked to the nucleus [b] where they persist in episomal
form [c] or are integrated into the host genome [d]. Both episomal and integrated viral
DNA produce E6 and E7 [e]. HPV-mediated cellular transformation is achieved
primarily through expression of the viral E6 and E7 oncogenes. E6 and E7 act on a
variety of targets to induce cell cycle progression and inhibition of apoptosis. The
most critical events for tumor development seem to be the E6-mediated degradation of
the tumor suppressor p53 resulting in inhibition of apoptosis and induction of
telomerase expression [f] , whereas, the E7-mediated degradation of the retinoblastoma
(Rb) family of proteins resulting in release of E2F and promoting cell cycle
progression [g]. p53 and pRb are important tumor suppressor proteins that play critical
roles in restricting cell cycle progression, control program cell death (apoptosis), and
maintaining genomic stability. Consequently, E6 and E7 not only enhance cell
proliferation, but also the acquisition of additional oncogenic mutations associated
with a loss of genomic stability. While HPV -negative squamous cell carcinomas
(SCC) usually have p53 mutations, most HPV -positive tumors are wild type for both
p53 and pRb since both pathways are already inactivated by E6 and E7 [19]. In HPVinfected cells, increasing number produce virus progeny cause infection of basal cells
at other region resulting in high expression of E6 and E7 oncoproteins. Thus,
abnormal regulation of cell division affect to cellular transformation results in
changing from benign tumor into malignant tumor or cancer [h].
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Figure 2.4 HPV-mediated cervical carcinogenesis [12].

2.6 Cervical cancer screening
The main goal of cervical cancer screerung is to prevent cancers, which is
achieved by identifYing cervical precancers that can be treated to prevent progression
to invasive cancer. The understanding that HPV is a necessary cause of cervical cancer
has led to major advances in primary and secondary prevention of cervical cancer.
Vaccines targeting the two most important carcinogenic types, HPV -16 and HPV -18,
were introduced a decade ago. These vaccines are highly effective at preventing HPV
infections with these types, particularly when administered before onset of sexual
activity. For secondary prevention, detection of HPV DNA or RNA has been
introduced. Initially, HPV DNA tests were approved for triage of women with ASCUS (Atypical Squamous Cells of Undetermined Significance) cytology results. Later,
the regulatory approval was extended to HPV -cytology co-testing and recently HPV
DNA test was the first to be approved for primary screening. A test detecting RNA
instead of DNA has been approved by FDA (Food and Drug Administration) for the
first two indications. There are now three major alternatives for cervical cancer
screening: cytology, HPV testing, and cytology-HPV co-testing. Cytology is detection
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of abnormal cells from cervix by use haematoxylin and eosin (H&E) staining and
detection under microscope. Cytology-based screening is still the most widely used
modality. It has lower sensitivity compared to HPV testing and co-testing, which
results in lower reassurance against prevalent and incident precancers. Therefore,
cytology-based screening needs to be repeated at shorter intervals to achieve good
program sensitivity. Conversely, while HPV testing has high sensitivity and allows
extending screening intervals, it can double the number of screen-positive women
compared to cytology and it is not feasible to send all HPV -positive women to
colposcopy [20]. HPV testing can detect genotype such as type 16 and type 18, which
different from cytology. Then, primary HPV testing is more effective than cytology.
Cytology-HPV co-testing are detection cytology combined with HPV testing for
increase effective into detection.

2. 7 HPV testing by molecular biology
Since HPV cannot be cultured in laboratory, therefore, detection of HPV is based
on detection of DNA in the specimen .

•

2.7.1 Gene amplification or DNA amplification techniques
Gene amplification or DNA amplification techniques have been widely
applied in molecular biology laboratories including molecular biomedical research,
diagnosis of infectious diseases, and legal or environmental evidence proof.
Commonly known gene amplification technique is polymerase chain reaction (PCR)
that used in various ways such as real-time polymerase chain reaction (real-time PCR
or qPCR), reverse transcription PCR (RT -PCR), nested PCR, and multiplex PCR.
Only PCR and real-time PCR will be discussed here.
Polymerase chain reaction (conventional PCR) is gold standard test based
on gene amplification. This methods can be used to detect DNA or RNA from various
types of specimen such as lived tissues, cells in the Pap smear, cells in the cellular
treatment, and tissues from paraffrn-embeded tissues. The major limitation of PCR is
quality control. Currently, more than 100 HPV assays are commercially available with
different genotyping capacities. Important for genotype analyses are those areas that
identify the type-specific polymorphism. The late region gene L1 is the most
polymorphic, highly conserved, and therefore a reliable region for genotyping based
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on PCR. PCR-based HPV tests have been used in research providing advantages of
type-specific information [21]. In addition, detection of specific DNA fragments by
PCR is widely used in molecular diagnostics of various human and animal diseases, in
forensics, food control, and analysis of environmental specimens [22].
Real-time polymerase chain reaction (real-time PCR or qPCR) is also the
quantitative gold standard test for gene amplification. The methods is based on the
detection of a fluorescent signal produced and monitored during the amplification
process, without the need for post-PCR processing [23]. Currently, real-time PCR
techniques have been widely used to measure the amount of HPV instead of
conventional PCR. The advantage of real-time PCR reaction is performed in closed
systems. Thus, preventing contamination (from cap opening in gel electrophoresis
process). However, real-time PCR has limited applicability due to the high standard
deviations typically observed with low template numbers [24] . High-risk HPV DNA
was detected by real-time PCR with sensitivity, specificity, and concordance rates
(accuracy) of 99.7%, 99.7%, and 99.7%, respectively [25] . Real-time PCR for HPV
DNA exhibits better clinical performance than the conventional PCR assay and is an

•

ideal alternative methods for HPV genotyping. In addition, this technique also
provides viral loads and could serve as a quantitative marker in the diagnosis and
treatment of single and multiple HPV infections. The innovation of the real-time PCR
technique played a crucial role in molecular medicine and clinical diagnosis. Examples
are the quantitation of relative gene expression, detection of minimal residual disease
(MRD), cancer diagnostics, pathogen detection, and quantitation of viral load.

2.7.2 Isothermal DNA amplification techniques
Isothermal DNA amplification is an alternative to PCR-based technique. In
isothermal techniques, amplification reactions are performed at a constant temperature
and hence there is no need for expensive thermal cycling instrument. Isothermal DNA
amplification techniques are simple, rapid, cost effective with equivalent specificity
and sensitivity to PCR, and enabling point-of-care diagnostics without the need to high
costing equipments. However, isothermal amplification approaches differed from each
other in terms of operating temperature, reaction duration, mechanism, strengths, and
weaknesses. Major practiced isothermal amplification techniques such as nucleic acid
sequence-based amplification (NASBA), loop-mediated isothermal amplification
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(LAMP), rolling circle amplification (RCA),
•

strand-displacement amplification

(SDA), helicase-dependent amplification (HDA),

and recombinase polymerase

amplification (RP A) [26]. Only LAMP was discussed here.
Loop-mediated isothermal amplification (LAMP) has been regarded as an

...

innovative gene amplification technology and emerged as an alternative to PCR-based
methodologies in both clinical laboratory and food safety testing. In the present,
LAMP has been applied to detection and identification on pathogens from various
microbial diseases, as it showed significant advantage in high sensitivity, specificity,
and rapidity [27]. In addition, this technique is suitable for developing countries, lowfacility laboratories, and also for field operations. The principle of LAMP is based on
amplifying the gene by using at least 4 primers that can detect 6 positions of the target
genes. Amplification process is performed under constant temperature (60-65 °C) with
strand displacement reaction of DNA polymerase and completed in 50-60 minutes.
The mechanism of LAMP consists of 2 steps; starting structure producing step and
cycle amplification step. Firstly, production of starting structure requires all four
primers (F3, B3 , FIP, and BIP) to generate stem-loop. As shown in Figure 2.5A, one
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of the inner primer (FIP) works first and initiating the replicative DNA synthesis by
Est DNA polymerase. Next, the outer primer (F3) take its place, displacing the new

synthesized strand and releasing the target DNA With similar process of BIP and B3,
this results in the single-strand stem-loop (dumbbell-like-structure) with loops at both
ends as shown in Figure 2.5B. This structure is starting material for next cycle
amplification step.
In cycle amplification step, the starting structure is amplified by self-primed
DNA synthesis. FIP hybridizes and primes stand displacement DNA so that the
complement of stem-loop is produced and elongated through recycling step reaction as
shown in Figure 2.6C [28] .
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Figure 2.5 Mechanism of LAMP. (A) Four primers at specific with six different
regions. (B) Starting structure producing step of LAMP technique
[28] .
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Figure 2.6 Mechanism of LAMP (continued). (C) Cycle amplification step of
LAMP technique [28].

2.8 Features of the LAMP reaction
Several aspects of the LAMP reaction differ from those of other amplification

.

methods. First, only a single type of enzyme is required, and the amplification can be
carried out at a constant temperature. LAMP utilizes six gene reg10ns for
amplification. The fundamental characteristics of the inner primer provide the
amplification with a specificity that is much greater than that observed in other
methods. The amplification process is usually completed within 1 hour, with
sensitivity similar to that of nested PCR.
The rapid, sequential progression of the LAMP amplification reaction contributes
to its high amplification efficiency. In addition, small quantities of a gene can be
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amplified within a short time. Specific loop primer designs can facilitate a reduction in
the amplification time to half or one-third that of the original LAMP methods.
Furthermore, this methods can be utilized for the amplification of a target RNA
sequence. In this case, a one-step amplification, the same as the amplification of DNA
can be performed by the simultaneous addition of a reverse transcriptase enzyme
because the reverse transcriptase also exhibits strand displacement activity.
Amplification products possess a repeating structure, where identical chains are
linked in opposite directions. In addition, due to the resistance of the utilized enzymes
to inhibitors in the specimen, it is possible to simplify the process of nucleic acid
extraction.
By combining processes for simplicity, rapidity, and precision, the LAMP
methods could be employed in a wide range of applications, such as point-of-care
testing, genetic testing in clinical settings, and rapid testing of food products and
environmental samples [29] .

2.9 Results determination of LAMP
The determination of LAMP results include visual inspection, ultraviolet
fluorescence, and agarose gel electrophoresis. Visual inspection mainly depends on the
turbidity degree of reaction tube by naked eye. Specific amplification of LAMP
products present muddy phenomenon. White magnesium pyrophosphate precipitation
generated during the strand displacement auto-cycling reaction could be seen at the
bottom of rnicrofuge tubes (Figure 2. 7a). However, there is no visible precipitate to the
naked eye in the control. Adding fluorescent dye SYBR Green I into the reaction tube
leads to the color change, which can be checked both normal light (Figure 2.7b) and
UV light. Positive reaction tube will present fluorescent color under the condition of
the ultraviolet radiation, negative control will not happen (Figure 2.7b-2). And the
third measurement is that the products of LAMP are detected by agarose gel
electrophoresis, as the results of positive tube after amplification will form the stem
loop structure of DNA mixture, the LAMP positive reaction tube will appear ladderlike banding, (Figure 2.7c). In addition, detection using normal DNA probes is also
possible.
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In practice, the visual inspection for amplification is performed through
observation of color change by adding I Ill of SYBR Green I to the tube. In case of
positive amplification, the original orange color of the dye will change into green that
can be judged under normal light as well as under UV light (302 nm) with the help of
UV lamp. In the control, the original color ofthe dye will be remained [27] .

Figure 2.7 Results determination of LAMP. (a) LAMP products was confirmed
by visual inspection, white turbidity. (b) SYBR Green I from normal
light. (b-2) SYBR Green I from UV light. (c) LAMP products from
agarose gel analysis [27].

2.10 Primers ofLAMP
Online

programs

(Primer

explorer

V4N5 ,

http://primerexplorer.

jp/elamp4.0.0/index.html) have been commonly used to design LAMP primers. A set
of primers for LAMP reaction includes forward inner primer (FIP), backward inner
primer (BIP), two outer primers were described as forward outer primer (F3) and
backward outer primer (B3), corresponding to target gene sequence of 6 different
regions (F3c, F2c, Fie, BI , B2, and B3) (Figure 2.8) [27].
Forward inner primer (FIP) composition between two primers are F2 and Fie,
by between F2 primer and Fie primer connected with four T nucleotides base for
increase efficiency of loop, F2 and Fie primers specific to F2c and FI regions
respectively. As same as, backward inner primer (BIP) which has four T nucleotides
base connected between B2 primer and Blc primer, B2 and Bic primers specific to
B2c and B I regions respectively.
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Forward outer primer (F3) and backward outer primer (B3), F3 and B3 primers
specific to F3c and B3c regions respectively. Two outer primers worked in starting
structure producing step only of mechanism LAMP technique.
Two loop primers (loop forward (LF) and loop backward (LB)) were designed
to accelerate the amplification reaction, by designed after completion from two inner
primers and two outer primers.

Target DNA
3'

s·

f lP 5'

~

F3 ' '

3'

3'

BIP5'

~
3'

Figure 2.8 Primers design [27].
2.11 Lateral flow assays
The lateral flow assay (LF A) is a paper-based platform for the detection of
analytes in complex mixtures, where the sample is placed on a test device and the
results are displayed within 5-30 minutes. LFA-based tests are widely used in
hospitals, physician' s offices, and clinical laboratories for the qualitative detection of
specific antigens and antibodies, as well as products of gene amplification. In addition,
lateral flow assays are the technology behind low-cost, simple, rapid, and portable
detection devices which popular in biomedicine, agriculture, food, and environmental
sciences. A variety of biological samples can be tested using lateral flow assay,
including urine, saliva, sweat, serum, plasma, whole blood, and other fluids .
Basic components of the lateral flow assay consist of sample pad, conjugate
release pad or conjugate pad, membrane with immobilized antibodies, and adsorbent
pad (Figure 2.9).
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Sample pad, the most important part is designed to contact the sample and pass
it to the conjugate pad. The sample pad is usually impregnated with buffer salts,
proteins, surfactants, and other liquids to control the flow rate of the sample and to
make it suitable for the interaction with the detection system. Moreover, the pores of
the sample pad can act as a filter in order to remove redundant materials such as red
blood cells.
Conjugate pad, the main role of the conjugate pad is to hold the detector
particles and keep them functionally stable until the test is performed. This is ensured
by the composition of the conjugate buffer, containing carbohydrates such as sucrose,
which serve as a preservative and a resolubilization agent. When the conjugate
particles are dried in the presence of sugar, the sugar molecules form a layer around
them stabilizing their biological structures. When the sample enters the conjugate pad,
the sugar molecules rapidly dissolve carrying the particles into the fluid stream. It is
crucial that the releasing is consistent between individual test strips.
The membrane is considered the most critical element in lateral flow strips and
nitrocellulose is by far the most commonly used materials. Important parameters
characterizing a good membrane materials are the capillary forces, as well as the ease
of binding and immobilizing proteins necessary for subsequent selection, reaction, and
detection.
Antibody, the key component, which need to be carefully designed and highly
purified. It is very important to ensure a consistent antibody supply with proven
affinity and specificity. Use of monoclonal antibodies (mostly derived from mouse
hybridomas) is preferable, as it allows the production of specific antibodies in large
quantities. Nowadays colloidal gold is the most widely used label in commercial
'

lateral flow immunoassay (LFIA). The most important requirements of the
nanoparticle label include susceptibility for detection over a large dynamic range,
efficiency and reproducibility of conjugation (without the loss of chemical and
biological integrity and activity), lack of or very low non-specific binding
characteristics (ensuring a high signal to noise ratio), commercial availability at low
cost, easy, and scalable conjugation procedure.
Absorbent pad, the role of the absorbent pad is to wick the fluid through the
membrane and to collect the processed liquid. The absorbent pad allows the use of
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larger sample volumes, which results in increased test sensitivity. The most popular
absorbent pads are made of cellulose filters.

Control line
Test line

Adsorbent pad
Backing card
Figure 2.9 Components ofthe lateral flow assay [30].

Interpretation of lateral flow immunoassay, the positive amplification products
might be indicated by both test line and control line on the strip. The negative control
(no template) might be indicated by only control line on the strip. The absence of a
control line on the lateral flow dipstick (LFD) indicates the strip could not work
correctly (Figure 2.10).
Advantages of lateral flow immunoassay include simple test procedure, fast, low
cost, low sample volume, one-step assay (no washing steps necessary), applications at
point of care/need, and for fluid samples (pretreatment is often not necessary).
Disadvantages of lateral flow immunoassay include inaccurate sample volume reduces
precision, restriction on total volume in test gives a limit of sensitivity, no possibility
to enhance the response by enzyme reaction, good antibody preparation is obligatory,
obstruction of pores due to matrix components, and sample pretreatment is needed for
non-fluid samples.
Conclusion, the unique and remarkable properties of lateral flow assay have
contributed to the detection of disease biomarkers and infectious agents in medicine,
agriculture, food, and environmental safety. Although the principle of the methods has
remained unchanged for decades, there have been continuous improvements of lateral
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flow assay techniques leading to increased sensitivity, reproducibility, and the
simultaneous detection of several analytes. Importantly, these assays can now be
effectively performed outside the laboratory, providing great advantages for use in
developing countries and at the point-of-care, whether in the field or in more
traditional clinical settings [30, 31] .
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Figure 2.10 Interpretation of lateral flow assay [32].

CHAPTER3
RESEARCH METHODOLOGY
3.1 Study design
Primers and probes designing for
human papillomavims type 16 and 18

1
Optimization of LAMP reaction by using
whole genome ofHPV -16 andHPV -18containing plasmids
-Temperature
- MgS04 concentration
- Reaction time
(Interpretation by agarose gel electrophoresis)

-

Multiplex reaction LAMP assay
(Interpretation by lateral flow dipstick)

1
Analytical performance of Lk\1P assay
in clinical samples

1
Detection sensitivity and specificity of
LMfPassay
(Interpretation by turbidity agarose gel
electrophoresis and lateral flow
dipstick)

3.2 Materials
3.2.1 HPV-16 and HPV-18-containing plasmids
The whole genome of HPV -16 and HPV -18-containing plasmids were
kindly provided by Prof. Dr. Chamsai Pienthong, Faculty of Medicine, Khon Kaen
University. These clones were performed as positive control for LAMP assay.

3.2.2 Cervical tissues
A total of 30 cervical cancer tissues were collected at the Tumor Clinic of
Srinagarind Hospital, Khon Kaen University, Khon Kaen, Thailand. Informed
consents and the research proposed (HE 531211) were approved by the Ethical Human
Research Committee of Khon Kaen University. Genomic DNA was extr-acted using
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Wizard® SU Genomic Purification system (Promega Corporation, Madison, WI). All
DNA samples were stored at -20 oc until used.
3.2.3 Lateral flow dipstick (LFD)
LFD kits were purchased from Milenia Biotec GmbH CO. Ltd., Germany.
The universal dipstick is developed to detect two different analytes (two test lines)
simultaneously based on biotin and digoxigenin modification. These LFD kits were
stored at 4 °C until used and performed under manufacturer's guideline.

3.3 Methods
3.3.1 LAMP primers and probes designing
In this study, type-specific HPV-16 and HPV-18 LAMP primer sets were
designed from the published data (GenBank accession number MK484705.1 and
GQ180792.1, respectively) by using the Primer Explorer V4, LAMP primer designing
software

(http://primerexplorer.jp/elamp4.0.0/index.htrnl).

Each

primer

set

1s

composed of six primers recognizing six distinct regions of the specific target DNA
sequence composed by the E7-E1 regions in HPV-16 and E6 region in HPV-18.
Forward inner primer (FIP) consists of the F2 region (at the 3' end) that is
complementary to the F2c region, and the same sequence as the F1c region at the 5'
end. Forward outer primer consists of the F3 region that is complementary to the F3c
region.
Backward inner primer (BIP) consists of the B2 region (at the 3' end) that is
complementary to the B2c region, and the same sequence as the B 1c region at the 5'
end. Backward outer primer consists of the B3 region that is complementary to the
B3c region and two loop primers were used to perform LAMP assay. Loop primers
were used to accelerated the amplification reaction.
To detect LAMP products by LFD, FIP used in HPV-16 and HPV-18 were
modified by biotin-labeled and digoxigenin-labeled at 5 '-end, respectively. Detection
probes used for LFD were designed and modified by 5' -FITC. Probes for HPV-16 and
HPV-18 were designed from sequence between LB-B2 and F1-B1, respectively.
The details of each primers and probes were shown in Figure 3.1 and Table
3.1. All primers and probes used in this study were synthesized and purchased from
Pacific Science Co. Ltd., Thailand.
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756frcGGTTGTGC GTACAAACfA CACACGTAGA CATTCG1f4CT ITGGAAGACC TGITAATGGG) 815
F3
F2
(LF)
816 CACACTAGGA ATTGTGTGCC CCATCTGCTC CCAGAAACCA TAATCTACCA TGGCTGAT[c 875
Fl
Bl
876 TGCAGGTACC :UTGGGGl .-\AG AGGGTACGGG

[LBJ

Pkbe

ATGTAA~GGA TGGTTTTATG TAGAGGC~

B2

933

B3

(A) Primers and probes alignmentfor HPV-16 detection

375 GgAAACTAA CTAACACTGG

F3

GTT~TACAAT TTATTAATAA GGTGCCTGCG ~TGCCAGAAA
F2

434

[LF]

435 CCGTTGA f TC CAGCAGAAAA ACTTAGACAC

Fl
495 GCTGGGCACT ATAGAGGCf::A GTGCCATTCG TGCTGCAA¢ GAGCACGACA GGAACGACTC 554

-

(LB)

B2

555 CAACGACGCA GAGAAACACA AG'I!ATA 580
B3

I(B) Primers and probes alignment for HPV-18 detection I
Figure 3.1 Primers and probes alignment. (A) HPV-16, (B) HPV-18.
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Table 3.1 Primers and probes designed for amplification of HPV -16 and HPV -18
target gene.
Name

Sequence (5' to 3')

Position

Size (bp)

HPV-16
F3-16

TCGGTTGTGCGTACAAAG

756-773

18

B3-16

AGCCTCTACATAAAACCATCC

933-913

21

FIP-16

b*TGGGGCACACAATTCCTAGTCACACACGTAGACATTCGT

BIP-16

838-819!TTTT/774-792

39

CCAGAAACCATAATCTACCATGGCATTACATCCCGTACCCTCTT

846-869!TTTT/912-893 44

LF-16

CCCATTAACAGGTCTTCCAAAGT

815-793

23

LB-16

CCTGCAGGTACCAATGGGG

874-892

19

886-900

15

Probe-16 FAATGGGGAAGAGGGT
HPV-18
F3-18

AAAAACTAACTAACACTGGGTTA

376-398

23

B3-18

ACTTGTGTTTCTCTGCGT

577-560

18

FIP-18

d*GGTGTCTAAGTTTTTCTGCTGGATAATTTATTAATAAGGTGCCTGCG

BIP-18

465-442!TTTTI 402-424 47

CGACGATTTCACAACATAGCTGGGTTGGAGTCGTTCCTGTC

4 77 -499!TTTT/55 8-541 41

LF-18

TCAACGGTTTCTGGCAC

441-425

17

LB-18

CAGTGCCATTCGTGCTGCAAC

513-532

21

470-489

20

Probe-18 FTGAAAAACGACGATTTCACA

b* =Biotin labeled, d* = Digoxigenin labeled, f" = FITC labeled
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3.3.2 Optimization of LAMP assay
LAMP conditions for temperature, MgS0 4 concentration, and reaction time
for HPV -16 and HPV -18 were optimized by amplifying 103 viral copy number of
positive control. The amplification was carried out in fmal volume of 25 111 containing
a mixture of 1x isothermal amplification buffer, 6 mM MgS0 4, 1.4 mM dNTPs, 0.2
)lM of each outer primer (F3, B3), 1.6 )..lM of each inner primer (PIP, BIP), 0.8 )..lM of
each loop primer (LF, LB), 0.5 M betaine, distilled water, 8 unit Bst DNA polymerase,
and a specified amount of whole genome of HPV -16 or HPV-18-containing plasmids.
The mixture were incubated at six different reaction temperatures (55, 57, 59, 61, 63,
and 65 °C), then the optimal temperature was selected. Using the LAMP optimal
temperature, MgS04 concentration was further optimized using six different
concentration of MgS0 4 (2, 3, 4, 5, 6, and 7 mM) while the concentration of other
components remain unchanged. The optimal temperature and optimal MgS0 4
concentration were used to optimize reaction time, and six different incubations times
including 10, 20, 30, 40, 50, and 60 minutes. The LAMP products were determined by
2% agarose gel electrophoresis.
3.3.3 LFD assay
In LFD assay, there are four important parts; (I) sample application area,
(II) conjugate pad, (III) 2 test lines, and (IV) control line.
In principle, the dipstick is designed to develop qualitative rapid test system
for simultaneous detection of two different analytes by using two different labeling
(biotin and digoxigenin).
The first test line of detection immobilized with avidin (biotin-ligand) to
capture biotinylated amplicons and second test line immobilized with anti-digoxigenin
to capture digoxigenin-labeled amplicons. In process of color development, one
amplification product was biotin-labeled and the specific hybridization probe was
FITC-labeled. The second amplication product was labeled with digoxigenin and
specific hybridization probe was also FITC-labeled.
To validate the dipstick interpretation, the control line contains anti-rabbit
antibody to rabbit antibody-conjugated gold nanoparticles in the conjugate pad of
dipstick. Common test principle was illustrated in Figure 3.2.
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Figure 3.2 Principle of LFD assay.

3.3.4 Evaluation of analytical performance of LAMP for HPV-16 and HPV18 detection
3.3.4.1 Detection limit of LAMP assay
Ten-fold dilution of HPV -16 and HPV -18-containing plasmids
ranging from 3 x 10° to 3 x 105 copies per reaction were used to determine the detection
limit of LAMP assay. The reactions without DNA template were performed and used
as negative control. The LAMP reaction products were visualized and detected by
turbidity, 2% agarose gel electrophoresis, and lateral flow dipstick. The detection limit
of LAMP assay of both assay was compared for the lowest concentration which
demonstrated positive reaction.
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3.3.4.2 Specificity
To assess the specificity, the cross-activity among HPV genotypes
was examined by testing 103 viral copy number ofHPV-45 and HPV-58 DNA. LAMP
reactions were carried out under the optimized conditions and the amplifications
products were analyzed by turbidity, 2% agarose gel electrophoresis, and lateral flow
dipstick.

3.3.5 LAMP-LFD assay
For analyzing LAMP products by LFD, 10 !J.l of 20 !J.M 5'-FITC-labeled
probe was used to hybridize with 10 !J.l ofLAMP products at 95 °C for 5 minutes and
followed by 63 °C for 5 minutes, 10 !J.l of hybridized products were added to 90 !J.l of
running buffer in a new tube. Finally, the LFD strip was dipped into the mixture. The
results was read within 5 minutes.

3.3.6 Multiplex reaction LAMP assay
To detect both HPV -16 and HPV -18 simultaneously, a multiplex LAMP
was performed by using a mixture of HPV -16 and -18 primer sets. The multiplex
LAMP reaction was evaluated by lateral flo w dipstick.
The schematic diagram and interpretation of LAMP-LFD assay was shown
in Figure 3.3.

Con trot line
Test line 2
Test line 1

I

(A )

I

I

(B)

I

I

(C)

I

I

(D)

I

C-ontrol line
Test line 2
Test line 1

I

(E)

I

Figure 3.3 Interpretation ofLAMP-LFD assay. (A) negative control. (B) HPV-16
positive. (C) HPV-18 positive. (D) HPV-16 and -18 positive. (E) invalid.
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3.3.7 Comparison study in clinical samples

To evaluate the LAMP-LFD assay in clinical samples, a total of 30 samples
were used and tested for HPV genotyping compared to nested PCR. The analytical
sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) of LAMP were calculated using standard formulas based on PCR results as
gold standard.
3.3.8 Statistical analysis

Gold standard PCR results were used to calculate sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) of LAMP assay.

CHAPTER4
RESULTS
4.1 Optimization conditions of LAMP for HPV -16 and HPV -18 detection
LAMP conditions for temperature, MgS0 4 concentration, and reaction time for
HPV -16 and HPV -18 were optimized by amplifying 103 viral copy number of positive
control and 63

oc was chosen for the optimal temperature of LAMP reaction for HPV-

16 and HPV-18 as shown in Figure 4.1A and Figure 4.1B, respectively.

M

N

65

63* 61 59

4.1A

57

55

oc

M

N

65

63* 61

59

57

55

4.1B

Figure 4.1 Optimal reaction temperature of LAMP assay. M: DNA marker,
N: negative control. (*indicates the optimal temperature.)

oc
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4.2 Optimization of magnesium sulfate concentration
Using the LAMP optimal reaction temperature, MgS0 4 concentration was
optimized using different concentration of MgS0 4 (2, 3, 4, 5, 6, and 7 mM) while the
concentration of other components were remained constant. After experiment,
concentration of 6 mM MgS0 4 was selected as shown in Figure 4.2A and 4.2B for
HPV-16 and HPV-18 , respectively.

M

N

2

3

4.2A

4

S

6*

7 mM

.M

N

2

3

4

5

6*

7 mM

4.2B

Figure 4.2 Optimal MgS0 4 concentration of LAMP assay. M: DNA marker,
N: negative control. (*indicates the optimal MgS0 4 concentration.)
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4.3 Optimization of reaction time
The optimization of reaction time was performed usmg the LAMP optimal
temperature and magnesium concentration at different reaction time including 10, 20,
30, 40, 50, and 60 minutes while the concentration of other components were
remained constant. After experiment, maximum amplification was obtained at 60
minutes as shown in Figure 4.3A and 4.3B for HPV-16 and HPV-18, respectively.
Therefore, the optimal reaction time for LAMP assay was established at 60 minutes
and applied for all further experiments.
The optimal conditions for LAMP was summarized in Table 4.1 .

M

N

10

20

4.3A

30

40

50

60* Min

M

N

10

20

30

40

50

4.38

Figure 4.3 Optimal reaction time of LAMP assay. M: DNA marker,
N: negative control. (* indicates the optimal reaction time.)

60* Min
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Table 4.1 Optimal conditions for LAMP.

Reagent
Isothermal buffer
MgS04 (mM)
dNTPs (mM)
Outer primer (F3 , B3) (/1M)
Inner primer (FIP, BIP) (11M)
Loop primer (LF, LB) (11M)
Betain (M)
Bst DNA polymerase (unit/~.tl)
Temperature ( 0 C)
Reaction time (minutes)

HPV-16
1x
6
1.4
0.2
1.6
0.8
0.5
8
63
60

HPV-18
1x
6
1.4
0.2
1.6
0.8
0.5
8
63
60

4.4 Analytical performance of LAMP assay for HPV-16 and HPV-18 detection
4.4.1 Detection limit of LAMP assay
To determine the detection limit of LAMP assay, genomic HPV -DNA was
serially 10-fold diluted ranging from 10°-105 viral copy number. The LAMP reaction
products were visualized and detected by turbidity, 2% agarose gel electrophoresis,
and lateral flow dipstick. Due to detection from turbidity is personal judgement
observation and might resulted in mistake interpretation. Therefore, this study aimed
to verify and compare the analytical performance between turbidity, agarose gel
electrophoresis, and lateral flow dipstick. The results showed that the lateral flow
dipstick gave the detection limit comparable with agarose gel electrophoresis and
turbidity at 100 viral copy number as shown in Figure 4.4A and 4.4B for HPV -16 and
HPV -18, respectively.
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Figure 4.4 Detection limit of LAMP assay for the detection ofHPV-16 (A) and
HPV-18 (B). M: DNA marker, N: negative control.

4.4.2 Specificity of LAMP assay for HPV-16 and HPV-18

The specificity of LAMP primers for HPV -16 and HPV -18 were examined
by testing 103 viral copy number of genomic HPV-45 and HPV-58 DNA LAMP
reactions were carried out under the optimized conditions and the amplified products
were analyzed by turbidity, 2% agarose gel electrophoresis, and lateral flow dipstick.
The results showed that DNA amplification was only observed when the primer set
reacted with type specifically as shown in Figure 4.5A and 4.5B. The positive reaction
was clearly seen whereas no LAMP products were detected in reaction carried out
with other types ofHPV including HPV -45 and -58.
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Figure 4.5 Specificity of LAMP assay for HPV-16 (A) and HPV-18 (B).
M: DNA marker, N: negative control.

4.5 Multiplex reaction LAMP assay

In this study, the multiplex reaction of LAMP assay was performed to detect both
HPV-16 and HPV-18 simultaneously. Unfortunately, we failed to set up reaction
successfully. The false positive reactions were observed in some cases as shown in
Figure 4.6. Therefore, the single LAMP reaction was highly recommended for
genotyping HPV separately.
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Figure 4.6 Multiplex reaction LAMP assay for detection both HPV-16 and HPV18 simultaneously. M: DNA marker, N: negative control,+: mixture
of HPV DNA types 16 and 18.
4.6 Evaluation of LAMP in clinical samples
All 30 clinical samples from LAMP assay by 2% agarose gel electrophoresis was
compared with results from PCR as gold standard.
Using the results of comparison ofPCR and LAMP, the positive predictive value
(PPV) and negative predictive value (NPV) were calculated in order to determine the
analytical performance of the LAMP assay. The results showed, the PPV was 100%
and NPV was 78% for HPV -16, the PPV was 100% and NPV was 81% for HPV -18
(Table 4.2). The data indicated that the analytical performance of LAMP developed in
this study is acceptable.

•
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Table 4.2 Diagnostic performance of LAMP assay to detect HPV -16 and HPV -18 in clinical samples

HPV types Total no. of samples

Number of samples detected by LAMP Sensitivity
(%)

(PCR method)

Specificity

Positive

Negative

(%)

predictive

predictive

value(%)

value(%)

TP

TN

FP

FN

7(7)

0(0)

2(0)

91

100

100

78

0(0)

3(0)

82

100

100

81

HPV-16

30

21(23)

HPV-18

30

14(17) 13(13)

TP =True positive, TN = True negative, FP = False positive, FN

= False negative

+>,_.

CHAPTERS
DISCUSSION AND CONCLUSION
Cervical cancer is the most common cancer in women which mostly found in the
age of 35-60 years. The major risk factors for their occurrence are from human
papillomavirus (HPV) infection. HPV type 16, 18, and 58 are ranked the top three
high-risk HPV types for cervical intraepithelial neoplasia (CIN) and invasive
carcinoma and account for about 90% of all cervical cancers worldwide [33]. Since
HPV cannot grow and divide in cell culture and serological assay not accurate enough
[34]. Cytology assay still cannot identify types of HPV. Then, DNA amplification
technique is the most effective and most accurate at the moment.
Currently, polymerase chain reaction (PCR) is used to directly test for HPV DNA
in biopsied tissues. Amplification of target DNA by PCR is highly sensitive and
specific, making it the current gold standard for detecting and subtyping HPV.
However, PCR is time-consuming and costly, and the methods and infrastructure
needed to perform PCR preclude an easy point-of-care assay.
Loop-mediated isothermal amplification (LAMP) technique is a fast molecular
biology technique and increase the amount of DNA under a constant temperature. This
technique is a cost-effective, robust and highly specific DNA amplification methods
that utilizes four to six primers and driven by Bst polymerase. In addition, LAMP
assay exhibits sensitivity and specificity, while remaining lower cost and more rapid
than PCR [35]. In general, standard for inspection of LAMP products can be detected

..

with naked eye from turbidity and DNA ladder from agarose gel electrophoresis .
Lateral flow dipstick (LFD) assay is another methods that can detect LAMP
products as well by using principle of immunochromatographic assay. It is also easy to
use and provide fast results.
In this study, LAMP combined with LFD (LAMP-LFD) for detection of HPV
type 16 and 18, was developed and compared to PCR as gold standard diagnosis of
HPV typing. Oncogene of HPV was selected as a target DNA sequence for LAMP
primers and probes design. Due to each of HPV type has nucleotide sequence
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different in E6 and E7 regions, resulting in only some type that is capable of causing
cancer.
The LAMP assay was developed for the detection both HPV -16 and HPV -18
under optimized conditions at 63 °C for 60 minutes, which was faster than the nested
PCR that required 2-3 hours, excluding agarose gel electrophoresis step. The results
showed that a weak ladder pattern by agarose gel electrophoresis could be observed
after 20 minutes, suggesting a shorter reaction time compared to conventional PCR.
The LAMP assay was also work able over a range of temperature (from 60 °C-65 °C),
which facilitates in low-level setting applications equipment without precise
temperature control.
Analysis of LAMP products can be performed and visualized by several methods
including agarose gel electrophoresis stained with ethidium bromide, fluorescent dye
intercalating, and turbidity observation.
In this experiment, the LFD was used to simplify and speed up the total time for
LAMP interpretation by using specific hybridization probe congruous designed to
target sequence, affect to highly specific and precise when compared with turbidity
observation from naked eye or color observation by using fluorescent dye (SYBR
Green I) include rapid interpretation than agarose gel electrophoresis.
The detection limit and specificity of assay can be attributed to the presence of
primers that recognized regions of the target sequence. The detection limit for LAMPLFD in this study was 100 viral copy number for both HPV -16 and HPV -18, which
give similar results compared to nested PCR [36].
The specificity of the LAMP primers of both types, there was no cross reaction
with other HPV types. These results indicated that the LAMP assay were highly
specific for HPV-16 and HPV-18. Therefore, specificity value of LAMP assay was
100%, this specificity is similar to the previous reported for the diagnosis of HPVOPSCC using LAMP assay where the specificity was 100% [35].
In this study, we also aimed to develop the multiplex LAMP reaction which could
amplify and detect HPV-16 and -18 simultaneously. Due to ladder pattern or turbidity
generating, the multiplex LAMP products could not be interpreted based on these
observations. Then, the detection using dipstick might be used in this case. The
principle is designed based on two different molecules labeling in 5 '-end of LAMP
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inner primers (biotin and digoxigenin) which correspondence with two test lines on
dipstick (streptravidin and anti-digoxigenin). Unfortunately, we failed to optimize and
setup this methods due to some inconsistency of false positive or false negative results
observation. These results might suspected from non-specific or low efficiency

..

binding of hybridization probes. Nevertheless, the interfering factor is still unclear .
Thus, a single hybridization probe in simple LAMP reaction is more recommended.
In this experiment, LAMP products was hybridized with 20 JlM of probes and
incubated at 63

ac

for 5 minutes which different from previous reported by

Kumvongpin and colleagues. Their preparation used 20 JlM of probes and incubation
at 65 °C for 15 minutes [37]. Lower temperature and shorter hybridization time might
affect to band intensity in the test line. In addition, incubation at 95 °C for 5 minutes
prior hybridization step is more recommended.
The analytical performance of simple LAMP assay and interpretation by LFD for
HPV-16 detection in 30 clinical samples showed that sensitivity, specificity, PPV, and
NPV were 87%, 100%, 100%, and 70%, respectively for at compared with PCR, and
sensitivity, specificity, PPV, and NPV were 95%, 100%, 100%, and 90% compared
with 2% agarose gel electrophoresis, respectively (Appendix in choice 2.2).
Unfortunately, for simple LAMP assay and interpretation by LFD for HPV-18
detection in 30 clinical samples, due to clinical samples and LAMP reagents not
enough in detection.
The analytical performance including analytical sensitivity, analytical specificity,
PPV, and NPV of LAMP assay from interpretation of 2% agarose gel electrophoresis
for HPV -16 detection were evaluated in 30 clinical samples compared to PCR. The
results showed that sensitivity, specificity, PPV, and NPV in clinical samples of HPV-

..

16 detection were 91%, 100%, 100%, and 78%, respectively. Different results from
previous reported during the evaluation of diagnostic tests for the detection of HPV16-0PSCC, which were 97.6%, 80%, 95.3%, and 88.9% of sensitivity, specificity,
PPV, and NPV respectively. In HPV-18 detection of LAMP by 2% agarose gel
electrophoresis, the sensitivity, specificity, PPV, and NPV were 82%, 100%, 100%,
and 81%, respectively. Different results when compare with HPV -18-0PSCC
detection at 100%, 97.7%, 80%, and 100% of sensitivity, specificity, PPV, and NPV
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respectively [38]. However, the data demonstrated the efficiency of LAMP technique
to detect HPV-16 and HPV-18 in clinical samples.
In conclusion, LAMP combined with LFD represents an alternative molecular
isothermal amplification technique and interpretation for detection types of HPV,
which rapid, accuracy, and precision include sensitivity and specificity in clinical
samples. The results of this study give evidence that LAMP combined with LFD can
be used detect types of HPV in local laboratory or local hospitals.
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1. Results of comparison between LAMP and PCR in 2% agarose gel
electrophoresis
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30 Unknown samples

1.1
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70(5F)

+,+

+,+

71(10E)

-, +

-, +

72(8E)

-, -

-, -

73(8C)

-, -

-, -

Total number of true positive, true negative, false positive, and
false negative of LAMP assay in 2% agarose gel electrophoresis
at compared with PCR

Names

LAMP assay for HPV-

PCR for HPV-16

16 detection

detection

True positive (TP)

21

23

True negative (TN)

7

7

False positive (FP)

0

0

False negative (FN)

2

0

Names

LAMP assay for HPV-

PCR for HPV-18

18 detection

detection

True positive (TP)

14

17

True negative (TN)

13

13

False positive (FP)

0

0

False negative (FN)

3

0
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1.2

Results of sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) of LAMP assay in 2%
agarose gel electrophoresis at compared with PCR

Statistics value

LAMP assay for HPV-

LAMP assay for

16 detection

HPV -18 detection

Sensitivity

91%

82%

Specificity

100%

100%

PPV

100%

100%

NPV

78%

81%
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2. Comparison between results of LFD, 2% agarose gel electrophoresis, and
PCR for detection HPV type 16 in clinical samples

30 Unknown

LFD

Agarose gel

Multiplex-PCR

samples

16

16

16

42(10H)

+

+

+

43(10M)

+

+

+

44(15E)

+

+

+

45(12C)

+

+

+

46(12D)

+

+

+

47(13A)

+

+

+

48(141)

+

+

+

49(14K)

+

+

+

50(17K)

+

+

+

51(15D)

-

-

53(17H)

-

-

-

54(17L)

+

+

+

55(23A)

+

+

+

57(171)

+

+

+

58(28A)

-

+

+

59(22K)

-

+

60(31A)

-

-

61(6H)

+

+

+

62(24K)

+

+

+

63(22L)

+

+

+

64(22G)

+

+

+

65(32F)

+

+

+

67(4D)

-

-

-

68(4E)

+

+

+

69(4F)

+

+

+

52(16H)

,,

+
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30Unknown

LFD

Agarose gel

Multiplex-PCR

samples

16

16

16

70(5F)

+

+

+

71(10E)

-

-

-

72(8E)
73(8C)

2.1

-

-

Total number of true positive, true negative, false positive, and
false negative of LFD at compared with PCR and LFD at
compared with 2% agarose gel electrophoresis for HPV-16
detection

Names

..

.

LFD assay for HPV-16

PCR for HPV-16

detection

detection

True positive (TP)

20

23

True negative (TN)

7

7

False positive (FP)

0

0

False negative (FN)

3

0

Names

LFD assay for HPV-16

2% agarose gel for

detection

HPV -16 detection

True positive (TP)

20

21

True negative (TN)

9

9

False positive (FP)

0

0

False negative (FN)

1

0
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'·

2.2

Results of sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) of LFD at compared with
PCR and LFD at compared with 2% agarose gel electrophoresis
for HPV-16 detection

Statistics value

•

..

..

LFD at compared with

LFD at compared

PCR

with 2% agarose gel

Sensitivity

87%

95%

Specificity

100%

100%

PPV

100%

100%

NPV

70%

90%
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