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ชื่อวิทยานิพนธ การหารูปแบบของเปปไทดในซีรัมสําหรับการตรวจมะเร็งปาก 
  มดลูกโดยใชแมสสเปกโทรมิทร ี
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สาขาวิชา ชีวเวชศาสตร 
ปการศึกษา 2561 
 

บทคดัยอ 

 

มะเร็งปากมดลูกเปนมะเร็งที่พบในผูหญิงทั่วโลกโดยเฉพาะประเทศกําลังพัฒนา 

เนื่องจากมีจํานวนผูปวยที่เสียชีวิตเพ่ิมสูงขึ้น อีกทั้งมีขอจํากัดทางดานความไวและความจําเพาะของ

วิธีการตรวจคัดกรอง (Pap smear และ HPV DNA test) จึงจําเปนตองหาวิธีอ่ืนชวยในการคัดกรอง

เบื้องตน รูปแบบเปปไทดจึงเปนอีกหนึ่งวิธีที่นาสนใจสําหรับการนํามาคัดแยกคนปกติออกจากผูปวย

มะเร็งปากมดลูก 

การตรวจหารูปแบบเปปไทดในซีรัมของคนปกติและผูปวยมะเร็งปากมดลูก ดวยวิธ ี

Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-

TOF MS) โดยใชตัวอยางซีรัม จํานวน 222 ตัวอยาง ซึ่งประกอบดวยผูหญิงที่ไมเปนโรค จํานวน 83 

ตัวอยางและผูปวยมะเร็งปากมดลูก จํานวน 139 ตัวอยาง โดยตัวอยางทั้งหมดจะถูกแบงเปน 2 ชุด

ขอมูลที่เปนอิสระตอกัน ไดแก ชุดตัวอยางที่ทําการทดสอบ (คนปกติจํานวน 30 คน และผูปวยมะเร็ง

ปากมดลูกจํานวน 75 คน) และชุดตัวอยางที่ใชในการยืนยันผลที่ได (ผูหญิงที่ไมเปนโรคจํานวน 53 

คน และผูปวยมะเร็งปากมดลูกจํานวน 64 คน) โดยตัวอยางจากผูปวยแตละรายจะถูกนํามารวมกันใน

ปริมาณที่เทากันตามกลุมความรุนแรงของโรค [ผูปวยมะเร็งปากมดลูก (กอนการเปนมะเร็ง มะเร็ง

ระยะที่ 1 ระยะที่ 2 และระยะที่ 3) และผูหญิงที่ไมเปนโรค] โดยกอนการวิเคราะหดวยเครื่อง mass 

spectrometry ซีรัมเปปไทดจะถูกเตรียมดวยวิธี ZiptipC18 และวิเคราะหผลที่ไดโดยใชซอฟตแวร 

FlexAnalysis 3.0 ClinProTools 2.2 และ BioTyper 2.0 

รูปแบบเปปไทดในซีรัมชวง 1000 ถึง 10000 Da ถูกนํามาวิเคราะห และแสดงผล

ออกมาในรูปแบบโครมาโตแกรม เจลจําลอง และภาพสามมิติ ของการวิเคราะหองคประกอบหลัก 

จากผลรูปแบบของเปปไทด เราสามารถนํามาใชในการแยกและจัดกลุมผูหญิงที่ไมเปนโรค และระยะ

ของผูปวยมะเร็งปากมดลูก (กอนการเปนมะเร็ง มะเร็งระยะที่ 1 ระยะที่ 2 และระยะที่ 3) รูปแบบ

ของเปปไทดทั้งหมดจากการรวมตัวอยางซีรัมตามแตละกลุม ถูกนํามาใชเปนรูปแบบเปปไทดอางอิงใน

ฐานขอมูล biotyper และใชขอมูลนี้ในการจําแนกแตละตัวอยางได เมื่อนํามาเปรียบเทียบกับขอมูล

ทางคลีนิค พบวาผลจาก MALDI-TOF MS มีผลความไว 60.97% และ ความจําเพาะ 93.63% 

นอกจากนี้ตําแหนงมวลตอประจุ 1466.91 Da มีความแตกตางกันระหวางกลุมที่ศึกษาอยางมี
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นัยสําคัญทางสถิติ (โดยใชสถิติ Wilcoxon/Kruskal-Wallis test (pWk), p<0.001) ซึ่งเปนโมเลกุลที่

นาสนใจในการนําไปศึกษาตอในอนาคต จากผลการศึกษาในครั้งนี้จึงสรุปไดวาวิธี MALDI-TOF MS 

นาจะเปนทางเลือกหนึ่งสําหรับใชในการวินิจฉัยมะเร็งปากมดลูก ดวยคุณสมบัติที่สามารถทําซ้ําได มี

ความแมนยํา และใชเวลานอยในการตรวจวิเคราะห 
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ABSTRACT 

 
Cervical cancer is the common malignancy among females worldwide, 

especially in developing country. Due to high mortality and lack of sensitivity and 
specificity of the screening tests (Pap smear and HPV DNA test), an alternative tool is 
crucially needed. Interestingly, the peptide pattern is an alternative diagnostic tool 
for discriminating healthy women from cervical cancer patients. 

The serum peptide profiles from healthy subjects and cervical cancer 
patients were acquired using matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometry (MALDI-TOF MS). A total of 222 serum samples (83 healthy 
women and 139 cervical cancer patients) were divided into 2 independent datasets: 
training set (30 healthy women and 75 cervical cancer patients) and validation set (53 
healthy subjects and 64 cervical cancer patients). Each specimen was pooled 
together according to each sample group [patients with cervical cancer 
(precancerous, stage I, II and III) and healthy women]. Prior to mass spectrometry 
analysis, serum peptides were prepared by ZiptipC18. Finally, the results were 
analyzed using FlexAnalysis 3.0, ClinProTools 2.2 and BioTyper 2.0 software. 

The serum peptide profiles in the range 1000 and 10000 Da were 
analyzed and shown as the chromatogram, gel view and dimensional image of 
principal component analysis (PCA). Based on peptide mass fingerprint (PMF), we 
were able to discriminate and category healthy subjects and patients with stage of 

cancer: precancerous, stage I, II and III. Furthermore, all PMF from pooled stage 
serum were used as reference mass spectrum in the in-house database and were 
used to classify samples. Compare to the clinical diagnosis, MALDI-TOF MS yields a 
sensitivity (60.97%) and high specificity (93.69%). Furthermore, the peak at 1466.91 Da 
was significantly differenced among the investigated groups (Wilcoxon/Kruskal-Wallis 
test (pWk), p<0.001), it is, therefore, an interesting molecule for the further study. 
The results of this study conclude that MALDI-TOF MS method might be used as an 



viii 
 

alternative approach for cervical cancer test with good repeatable, high accuracy, 
and less time-consuming. 
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CHAPTER 1 
 

INTRODUCTIONS 
 
 
BACKGROUND AND RATIONALE 
 

Cervical cancer is ranked as the fourth most frequent cancer among 
women worldwide, with 528,000 newly diagnosed cases and 266,000 deaths annually 
(1). In Thailand, the most recent data indicate that cervical cancer is the second most 
commonly diagnosed cancer in females behind breast cancer which incidence and 
mortality cases are about 8,184 and 4,513 cases, respectively (2). The incidence and 
mortality rates of cervical cancer have considerably reduced in developed countries 
through the cervical cancer screening tests for human papillomavirus (HPV) and 
through Papanicolaou smear (Pap smear); nevertheless, the incidence rate of this 
disease remains high in developing countries, where 70% of the patients are at the 
advanced stage of the cancer and the age of the diagnosis patients is slightly 
decreasing (3, 4). According to American society for colposcopy and cervical 
pathology (ASCCP), the 30-65-year-old women are recommended to diagnose 
cervical cancer by using the combination of screening with Pap smear and HPV DNA 
test (5, 6). Pap smear is a rapid cytology-based microscopic examination to monitor 
precancerous changes which can detect the atypical squamous cells at 
transformation zone (5). Because of Pap smear screening test, cervical cancer 
incidences in the United States has been reduced by nearly 70% between 1955 and 
the mid-1980s (7). Nonetheless, specificity and sensitivity of cytology-based screening 
are 51% and 66.6%, respectively (8). Moreover, the conventional Pap smear test 
showed a false negative rate about 14-33%, two of third of false negative results 
from sampling and slide preparation (7). Additionally, most women are embarrassed 
to undergo the screening along with a pelvic examination (9). HPV DNA detection has 
been examined for supporting the accuracy of Pap smear which determines women 
at risk for cervical neoplastic without cervical cytological process. Several studies 
demonstrated that HPV screening test has a higher negative predictive value and 
sensitivity than cytology-based screening (10- 13). However, the multiple HPV type 
infections are contained in samples at low DNA yield.  Hence, the amplification of 
HPV DNA with the low yield of several HPV genotypes resulted in false-negative (14). 
According to the limitation of screening tests, the establishment of optimal 
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biomarker testing from body fluids would be the alternative screening test for the 
early detection.                                                                                                                                                                                                                                                   

Many researchers have endeavored to identify new cancer biomarkers 
in serum that reflect a particular pathophysiological state (15, 16). Currently, several 
serum proteins are widely used as a biomarker for cancer diagnosis. For example, 
squamous cell carcinoma antigen (SCCA) is most commonly used as serum tumor 
marker in cervical cancer diagnosis. Moreover, serum SCCA has a high concentration 
in patients with squamous cell carcinomas of esophagus, lung, head and neck and 
anus (17- 20). Furthermore, other serum markers as carcinoembryonic antigen (CEA), 
cancer antigen 19-9 (CA19-9) and cancer antigen 125 (CA125) have demonstrated as a 
utility in patients with cervical adenocarcinoma (21-25). However, the detection of 
these proteins has been used in other cancers including lung, colorectal, ovarian, 
gastric, breast and pancreatic cancer (23- 34).  Thus, the use of current biomarker is 

still less specificity and sensitivity. Moreover, the complexity of high abundant 
protein in serum might obstacles the low concentration of biomarker detection. 
Therefore, determination of serum peptide patterns has been a considerable 
attention.  

Nowadays, the subsequent for biomarker research field is illustrated 
by serum peptide profiles. Mass spectrometry (MS) is an approach for protein or 
peptide patterns and identification, which technology distributes for high throughput, 
rapid and nonbiased novel biomarkers discovery (35). Matrix-associated laser 
desorption/ionization time-of-flight (MALDI-TOF) is one type of mass spectrometry 
that detects mass-to-charge (m/z) of sample compound. This measurement process 
composes of picomole sensitivity, high accuracy, high resolution and high-throughput 
(36). MALDI-TOF MS provides the tool needed to define specific proteins or peptide 
patterns/signatures that can be used for clinical sample identification and 
classification (36). Peptide patterns analysis has been widely tested on various types 
of cancers, including gastric, ovarian, hepatic and breast cancer (36).  Nonetheless, 
the serum peptide patterns correlated with the developmental stages of cervical 
cancer have been rarely reported. In this study, we used MALDI-TOF MS to 
investigate the difference in serum peptide patterns of patients with cervical cancer 
in various developmental stages and healthy women, to discriminate the progression 
of disease and also distinguish healthy women from cancer patients.  
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LITERATURE REVIEW 

                                                                               
1. Cervical cancer 

 
1.1 Anatomy of cervix 

 
The female reproductive system is the important system to enable 

the species reproduction (processing of pregnancy and birth). This system consists of 
external and internal organs. The external genital or vulva is the open of vagina to 
the outside which composes of Bartholin’s gland, mone pubis, hymen, labia majora, 
labia minora, clitoris, vestibule and perineum. These external organs have 3 
functions: supporting sperm to enter the body, providing the sexual pleasure and 
guarding the internal organs (37). The internal genital organs include ovaries, fallopian 
tubes, vagina and uterus. The uterus and vagina place after and above the pubic 
bone in the pelvis. In front of internal organs is urinary bladder and urethra. The 
rectum is behind the vagina and uterus as shown in Figure 1A. Ovaries are a pair of 
organs; each one stated on the right and left side of the uterus. The ovaries are 
responsible for egg generation and the estrogen and progesterone hormone 
production. Fallopian tubes are tubes extend from the uterus to ovaries which are 
customarily sites of fertilization. The vagina is the internal organ that connects the 
external organs to the uterus. Uterus or womb is the thick-walled of pear shape 
organ which locates near the pelvic cavity. A blastocyst or fertilized egg implants and 
grows in the uterus hollow. Uterus consists of 4 parts which are fundus, corpus, 
isthmus and cervix. The fundus is the upper part of the uterus that attaches to 
the fallopian tubes. The main body of the uterus is called corpus. This part 
accommodates a developing fetus. The isthmus is the position between the corpus 
and the cervix (38).  

The cervix is the lowest one-third part of the uterus where connects 
between the uterus and the top end of the vagina. The upper two-thirds of cervix lie 
above vagina is called endocervix. The endocervix's opening is called the internal os. 
The ectocervix is the outer part of the cervix that contacts with the vagina. The 
endocervical canal runs through the cervix from internal os to the uterine cavity 
(external os) as shown in Figure 1B. In cervix and uterus, the internal iliac arteries and 
their branches supply, moreover the vein and lymphatic ducts run parallel to the 
arteries.   



4 
 

 

The cervix surface is arranged by stratified squamous epithelium (ectocervix and 
vagina) and columnar epithelium (cervical cannel extents outward to ectocervix). The 
transitional or transformation zone is position which changes columnar epithelium 
cell into squamous cells. This zone is most common are for cervix abnormal cell 
development (38). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Female reproductive organs. The female internal organs consist of vagina, 
fallopian tube, ovary and uterus.  (A) In the sagittal view, uterus is in front of rectum 
and behind the urinary bladder. (B) The lower one of third of uterus is cervix which 
includes 2 parts: the ectocervix and endocervix as shown in the front view of female 
reproductive organ. (Adapted from Baggish et al., 2010, (37)) 
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1.2 Cervical cancer epidemiology 
 
Worldwide, cervical cancer is a major health-related problem among 

woman. Cervical cancer has the fourth highest incidence worldwide, with an 
incidence of 527,600 estimated new cases and 265,700  estimated deaths in 2012 (1). 
Moreover, 87% of death cases arise in the less developed country (39). Additionally, 
the trend in cervical cancer incidence is still increasing every year (3). The incidence 
rate of cervical cancer is fewer patients under the age of 25 years; nevertheless, the 
incidence increases in women at age 35 to 40 years. There was the maximum 
cervical cancer patient in women of ages 50 and 60 years. In Thailand, cervical 
cancer is the second most frequent of women malignancy behind breast cancer 
which incidence and mortality cases are about 8,184 and 4,513 cases, respectively 
(2).                                                                                                                                                                                      

 
1.3 Etiology of cervical cancer 

 
The risk factors of cervical cancer are immunocompromised, taking an 

oral contraceptive pill, smoking, Chlamydia trachomatis infection, using an 
intrauterine device, taking Diethylstilbestrol, having a family history of cervical cancer 
and multiple sexual partners (40). Additionally, 95% of cervical cancer cases are 
caused by HPV infection. HPV can be classified into 2 groups which are the low-risk 
and high-risk type. The low-risk HPV type is the main cause of genital wards which 
includes 6, 11, 42, 43 and 44. The high-risk HPV type incorporates 16, 18, 31, 33, 34, 
35, 39, 45, 51, 52, 56, 58, 59, 66, 68 and 70 which are most common types for 
cervical cancer initiation(41). Thirty HPV types can transmit through sexual contact 
and infect the vagina, vulva, penis, anus and cervix (41). HPV type 16 infected 
patients are a half of cervical cancer cases. The HPV life cycle is closely related to 
the various stages of HPV-infected epithelial cells. The HPV contains double-stranded 
circular DNA which divided into three regions. First, the early region contains core 
promoter, silencer and enhancer sequence which control the transcription of the 
open reading frames (ORFs). Second, the late region composes of ORFs, E1, E2, E4, 
E5, E6 and E7 which are related in oncogenesis and viral replication. HPV E1 protein is 
an enzyme associated with ATP dependent viral DNA helicase which involves in DNA 
replication (42). HPV E2 codes for transcriptional activator proteins in viral gene 
transcription and replication (43). E4 protein plays a role in cytokine network 
destabilization (E1 and E4 fusion protein) and viral releases from epithelial layers (44). 
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E5 acts as a transmembrane protein, which binds with epidermal growth factor 
receptor resulting in activating the mitogenic pathways (45). Both E6 and E7 viral 
protein control cell cycle to amplify genome in epithelial layers. HPV E6 protein can 
act as oncogenic molecule which interacts and degrades p53 through ubiquitin 
degradation (46). HPV E7 oncogene binds the retinoblastoma family (pRB), which is 
degraded (47). Consequently, E2F releases from pRB. E2F transcription factor encodes 
cyclin A and E which drive the cell cycle, resulting in uncontrol cell proliferation (48).  
Third, genome region encodes the L1 and L2 for viral capsid (49). L1 is the major 
capsid protein associated self-assembly into viral-like-particles (50). HPV L2 (the minor 
capsid protein) involves in virion formation and the infected host cell. L1 and L2 viral 
capsids are undetected in infected epithelial cells, however, the differential cell at 
the upper layers of the squamous epithelium occur both L1 and L2 viral capsid (51). 
          
1.4 Pathogenesis of cervical cancer 

 
HPV particles infect the basal epithelial cell at the cervical 

squamocolumnar transformation zone as shown in Figure 2. The viral genome 
initiates amplification prior to viral genomes maintain in the infected cells. First, both 
E1 and E2 expression assist the genome amplification. E1 enzyme acts as ATP 
dependent helicase which interacts with AT enrich sequences at the replication 
origin. E1/E2 complex recruits the essential cellular enzyme for viral genome 
replication. Viral genomes are synthesized without control from cell cycle owing to 
E6 and E7 function (45). When the viral life cycle completes, the expression of L1 
and L2 are imported into nuclear by karyopherins. After that, L1 and L2 assembly 
and increase the efficiency of viral-like particles (52). E4 binds with cytokeratin 
filaments to facilitate virion release to infect the other normal cell (44). The infected 
cells are not treated resulted in the precancerous and cancer development. 

 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. HPV structure and role in cervical cancer. (A) HPV encodes 6 early proteins (E1, E2, E4, E5, E6 and E7) and 2 late proteins (L1 
and L2). (B) HPV infects the basal layer of host cell. The HPV genome rapidly replicates and assembles, thus the viral particles are 
accumulated in the host cells. The untreated lesion is developed for the dysplasia, micro-invasive and invasive cancer, subsequently. 
(Adapted from Kelloff et al.,2007, (53))   
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1.5 Type and grading of cervical cancer 
 
Cancer is defined by abnormal and uncontrolled cell proliferation. 

Cervical cancer can be categorized into 4 types: squamous cell carcinoma, 
adenocarcinoma, adenosquamous cell carcinoma, and neuroendocrine carcinoma 
(54). The major type of cervical cancer is squamous cell carcinomas which initiate at 
the exocervix (squamocolumnar junction). Cancer arises from endocervical columnar 
cells called adenocarcinoma (55). Adenocarcinoma was still high the incidence cases, 
resulting from the limitation of preinvasive stage detection test (55). Moreover, the 
squamous cell carcinoma has a good prognosis than adenocarcinoma (56). 
Adenosquamous carcinoma is tumors including squamous and glandular carcinoma. 
This type is related to a pelvic lymph-node metastasis higher risk than 
adenocarcinomas or squamous cell carcinomas (57, 58). The cervical cancer type can 
identify via cytology examination. 
   In precancerous classification system, the precancerous condition is 
classified based on the histological examination (WHO descriptive classification) and 
cytology (Bethesda system). According to histological examination, premalignant of 
squamous cell at the cervix surface or cervical intraepithelial neoplastic (CIN) can be 
graded into 3 types that depend on the depth of changed cell on the surface of the 
cervix. Classifications of CIN are CIN1 as only mild dysplasia, CIN 2 as two–thirds of 
the surface layers and CIN3  as the full thickness of the surface layer (59). The WHO 
classification has been used for the diagnostic test. On the other hand, the 
classification based cytology examination has been applied for the screening test. For 
the cytological reports, cytology test can classify precancerous condition into 4 
groups: normal, atypical squamous cells (ASC), low-grade squamous intraepithelial 
lesion (LSIL) and high grade squamous intraepithelial lesion (HSIL). ASC is the slightly 
abnormal finding in Pap smear. LSIL is the mildly abnormal cell. HSIL is more serious 
transforms in the cervix than LSIL (38). 
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1.6 Stage of cervical cancer 
 

The International Federation of Gynecology and Obstetrics (FIGO) 
classified cervical cancer bases on size of tumor and spread of disease. The 
mandatory technique for staging is speculum, vagina, and rectal examination, 
intravenous pyelogram and abdominal ultrasound. The patients with cervical cancer 
can classify into 5 stages which are stage 0, I, II, III, and IV as shown in Figure 3. Stage 
0 or carcinoma in situ is the cancer cell could not develop beyond the basement 
membrane of cervix. Stage I is micro-invasive cervical cancer. Stage II shows the 
carcinoma spreading beyond the cervix, but not to the pelvic wall. Stage III is 
carcinoma spreading onto the pelvic wall and stage IV is an invasive carcinoma which 
spread to the other organ  (60, 61). 

 

 
Figure 3. Cervical cancer staging according to the FIGO system. Cervical cancer 
staging is divided into 5 stages which is stage 0, I, II, III, and IV (60). 
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1.7 Cervical cancer screening test 

 
Nowadays, the screening test in the Era of precision medicine is an 

approach which supports the effective and accurate treatment. Treatment in 
advance stage (metastasis cancer) is less effective and more difficult than treatment 
in early stage (localized cancer). The cancer treatment prior to metastatic spread 
reinforces survival rates improvement. Early detection or screening test may be the 
most powerful program for minimizing the unpleasant and death of cancer patients 

(62). Thus, the accuracy of screening test has been concerned (63).  
In cervical cancer, cytology examination and HPV DNA test are the 

screening approach (5, 6). The cytological smear was used to detect the abnormal 
cervical cancer (precancerous and cancerous processes in the cervix) which collects 
cells from the outer opening vaginal canal (5). The cells are stained via acidic and 
basic dyes. Hematoxylin is the basic dye which binds to the basophilic substance 
(DNA and RNA). Eosin acts as acid dye and binds with basic part of the cell such as 
positively charged amino acid in the cytoplasm (64). In Pap smear results, atypical 
squamous cell (ASC cells) shows irregular and dark oval cells which increase two to 
three times nuclei by compares to the normal cells. LSIL contains cells with the 3-6 
times larger nuclei than normal cells, nucleus to cytoplasm ratio below one-third, 
transparent cytoplasm, and poorly cell boundaries. Moreover, HSIL is abnormal 
nuclear chromatin pattern, multinuclear, two-thirds of the nuclei-cytoplasm ratio, 
hyperchrome with reticulate chromatin, cyanophilic, amphophilic or orangeophilic 
cytoplasm (65). Previous studies showed that Pap smear contributed to decreasing 
the incidence; nonetheless, this screening test of cervical cancer is still limited in 
sensitivity, specificity, high false negative rate and uncomfortable sample collection 
(7, 9). HPV DNA detection is another one approach which determines women at risk 
for cervical neoplastic without cervical cytological process. HPV screening test has a 
high negative predictive value and a high sensitivity when compared with cytology 
tests (10-13). Nevertheless, HPV DNA test has low positive predictive value and low 
specificity; low yield of HPV DNA in sample cases is the limitation of this technique 
(66, 67).  Therefore, the biomarker may be an alternative approach which improves 
the early detection of cervical cancer. 
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2. Biomarker 
 

2.1 Ideal characteristics of biomarker 
 
According to the definition of the National Cancer Institute, a 

biomarker is a biological molecule occurs in body fluids or tissues which is the 
indicator of normal, abnormal, or disease condition (68). An ideal biomarker should 
describe the happening of the disease and must have several characters for clinical 
application(69). Firstly, the marker test must be as non-invasive collection, meaning 
it must be simple and safe to achieve (70). Secondly, an ideal biomarker should 
relate the disease progression. Thus, the biomarker detection test should classify 
the condition of disease and detect the treatment response (71). Thirdly, tumor 
marker should be high sensitivity for the early detection of disease. Fourthly, a 
biomarker should be specific for present in this disease an absent in the other 
condition. Moreover, both sensitivity and specificity should be high values, therefore 
false-positive and false-negative values diminished (69, 70). All characteristics of 
ideal biomarkers were summarized in Table 1. 

 

Table 1. The ideal biomarker characteristic (71). 
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2.2 Source of biomarkers 
 
A biomarker relates to a cancer characteristic or host cell-mediated 

response which may have clinical relevance (70, 71). Thus, biomarkers are valuable 
appliances for cancer screening, diagnosis, monitoring and treatment (33). The 
molecules as biomarkers are elevated during cancer progression which can be 
detected in a variety of cell lines (in vitro), animal base and clinical model (tissues 
and biological fluid). The specimens from human model are high complexity and 
clinically relevant than cell culture and animal base model as shown in Figure 4. 
Nevertheless, cell culture and animal model are commonly used as a preliminary 
phase of biomarker development (70). 

Firstly, the use of in vitro experiment or cell culture model is simple 
model for cancer biomarker development research. Studies have appeared cell 
signaling pathways leading to test and therapy development (71).  The two-
dimensional cell cultures characterize the molecules separating disease cells from 
their innate environment. Cell lines are high homogeneity (high similarity with initiate 
cancer cells) resulted in reproducibility of results. Moreover, this model provides the 
easy substitution, immediate accessibility and easy to operate. Nevertheless, 
characteristic in long-term of cancer cell lines, loss of heterogeneity, distinguishes 
environment of tumors are the limitation of two-dimensional cell cultures (70, 72). As 
a result, these limitations in the differentiation of cancer environment, 3-dimensional 
(3D) cell culture methods have been studied (73). The markers relate to clinical 
phenotypes. 3D culture experiments are more likely to strengthen the knowledge of 
tumor biology (73, 74). The 3D culture simulates cancer cell behavior as factors 
similar to animal base models (75, 76).  

Secondly, the animal model is a realistic model for clinical biomarker 
development. An ideal characteristic of model has been similar with both 
physiological and pathological features as human cancer and high-quality control 
samples (microenvironmental and genetic variability). The experimental cases in this 
model have less variable and high homogeneous samples than human specimen 
resulted in successful biomarker discovery (77). Nevertheless, the limitation of animal 
model is the imitation of complicated mechanisms in human such as carcinogenesis 
and cancer progression. Therefore, the average success rate of the biomarker from 
animal to clinical phase is less than 8%. Animal-based models are preliminary 
models prior to the models of human (62, 77- 79). 
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Thirdly, the biomarker investigation of human specimen is more 
specific with cancer progression than others models. Thus the candidate molecules 
from tissues and biological fluid are applied to the clinical test. The most common 
source for biomarker development is tissues, cerebrospinal fluid, saliva, urine, blood 
(80). The biomarkers originate from the tissue at disease organ. As a result, these 
markers are the most specific with cancer (71). Nevertheless, these tissues are 
complicated integrating many different cell types. Specimen collection may not 
simply incorporate tumor region but also contains blood as well as normal tissue 
(81). Urine is non-invasive biospecimen which assists diagnostic information. 
Advantages of urinary biomarker are accurate, timely and cost-effective. However, 
the biomolecules as biomarker should concentrate prior to biomarker discovery step 
(82). The blood source is that the cell secretes many molecules into the 
bloodstream resulting from the response to the disease. Thus, the molecules reflect 
both physiological and pathological states. Biomarkers from blood are also high 
clinically relevant, easily collection, minimally invasive source that are most 
commonly for clinical biomarker investigation (71, 80). 
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Figure 4. The potential source of biomarker. Biomarkers have been established from 
several sources such as tissue biopsy, urine, whole blood, plasma and serum.  The 
blood-based biomarkers are also high clinically relevant and a minimally invasive 
source (71). 
 
2.3 Current biomarker for cancer diagnosis 

 
Serum biomarkers are used for diagnosis of cancer as shown in Table 

2 (15, 16). The prostate-specific antigen (PSA) is a serine protease of Kallikrein genes 
family that is secreted by prostate cells both normal and neoplastic epithelium. PSA 
represents the invasion and metastases states. Nowadays, PSA has used as an early 
diagnostic biomarker for prostate cancer. This molecule is available in small 
quantities in serum from healthy and increases in the prostate cancer (83, 84). The 
CEA is an oncofetal antigen produced by human colonic carcinoma (85). The first in 
developing CEA blood test is detected in colon cancer patients. Elevated CEA level is 
also detected in many other cancers including bladder, thyroid, pancreas, lung, liver, 
stomach, prostate, ovarian, breast and cervical cancer (86, 87). This antigen is useful 
in the prognostic marker of lung cancer. Moreover, CEA levels have been used as a 
prognostic or surveillance in colorectal cancer (26, 27). CA125 is a glycoprotein in 
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mucin family presents on coelomic epithelium which is highly expressed in ovarian 
cancers (88). CA125 antigen is commonly used as a biomarker for prognosis and 
monitoring of ovarian cancer patients (28, 29). Moreover, the CA-125 arises in other 
types of malignant, such as pancreatic, colon, endometrium, lung, breast and cervical 
cancer (86, 89, 90). Cancer antigen 15-3 (CA15-3) is mucin-like glycoprotein that is 
produced by secretory mammary epithelial cells. Its function is lubrication and cell 
protection. Additionally, CA15-3 reduces cell adhesion which is involved in 
metastasis. Elevated CA15-3 levels are found in breast cancer and others, such as 
lung, ovarian, colorectal and pancreatic cancer.  The breast cancer patients with low 
CA15-3 are good prognosis than patients with high level. Therefore, the CA15-3 has 
been used as the biomarker for monitoring treatment and recurrence of cancer (30- 

33). CA19-9 is sialyl Lewis-a (sLea) that occurs in the cancer cell surfaces (91). The 
interaction between CA19-9 ligand and E-selectin receptor on the cytokine-activated 
endothelial cell induces cancer invasion and metastasis. CA 19-9 is expressed in 
tissues and serum of cancer patients, such as pancreatic, colorectal, esophageal, 
biliary, gastric and cervical cancer. Due to the high specificity, the CA19-9 is used to 
universal application biomarker in diagnosis, monitoring progression and follow up 
treatment of hepatocarcinoma, biliary carcinoma, colorectal, gastric, pancreatic and 
cervical cancer. Moreover, an elevated level of CA19-9 can also occur in 
nonmalignancy diseases as cholangitis, cholecystolithiasis, toxic hepatitis (34, 92-94). 
The SCCA is a squamous cell marker of cervical cancer. SCCA level is correlated 
tumor size, stage, invasion and metastasis (86). According to the European group of 
tumors cancer, SCCA is useful for following squamous cell carcinoma progression 
(95). In addition to cervical cancer, elevated SCCA levels are found in other 
squamous cell carcinomas such as esophagus, lung, head and neck and anal cancer 
(17, 18, 20).  Therefore, the single biomarker displayed low values of specificity, 
sensitivity and accuracy.  
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Table 2. Biomarker for diagnosis of cancers. Several serum proteins are widely 
utilized as a tumor marker for cancer diagnoses. 
 

 Biomarker Cancer type Reference 

 PSA   prostate cancer (83) 

 CEA   bladder cancer,   colon  cancer, 
  thyroid cancer,    lung cancer,   

(85- 87)  

  stomach cancer,  liver cancer, 
  prostate cancer,   ovary cancer, 

 

  pancreatic cancer,  breast cancer,   
  cervical cancer 

 

 CA125   ovarian cancer,  pancreatic cancer,  
  colon cancer,    fallopian tubes cancer,  
  breast cancer,   endometrium cancer,   
  cervical cancer 

(28, 86, 89, 90) 

 CA15-3   breast cancer,   lung cancer,  
  ovarian cancer, colorectal cancer,    
  pancreatic cancer  

(30- 33) 

 CA19-9   pancreatic cancer,  colorectal cancer,  
  esophageal cancer, gastric cancer, 

(34, 86, 92- 94) 

  hepatocarcinoma,   biliary carcinoma,  
  cervical cancer 

 

 SCCA   esophagus cancer, cervical cancer,    (17-20, 86) 

  head and neck cancer,  lung cancer,   
  anal cancer 
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2.4 Combination of markers 
 
The biomarker is the utility for clinical test; nevertheless, a single 

biomarker is incompetent in describing complicate pathological processes. The 
combination of biomarkers measurement achieves more understands in the complex 
transformation and an improved the biomarker detection. In 2000, the first report of 
protein biomarker panel was published (96). The 4 protein biomarkers (s-100 protein, 
thrombomodulin, myelin basic protein, and neuron-specific enolase) play important 
roles in acute stroke. 93% of patients with acute ischemic stroke were diagnosed by 
using the least one of biomarkers combination (96). In the same manner, CXCL10 is 
the biomarker for sleeping sickness which classified stage 1 and stage 2 patients, with 
a specificity of 100% and sensitivity of 84%. Moreover, the panel biomarker CXCL8, 
CXCL10 and heart-fatty acid binding protein supported the detection test for sleeping 
sickness stage 2 patients. The combination displayed 97% sensitivity and 100% 
specificity (97). A combination of biomarkers including CEA, New York esophageal 
cancer-1 antibody cytokeratin-19 fragment 21-1, hepatocyte growth factor, and CA-
125 showed the differential expression among lung cancer and healthy subjects. The 
biomarker panels as clinical feature had 49% sensitivity and 96% specificity (98). For 
instance, 6-biomarker panel (cyclin D1, glutathione s-transferase pi 1, lemur tyrosine 
kinase 2, hepsin, myosin VI and fibronectin 1) were applied to distinguish prostate 
cancer from benign prostate. As a result, the panel of 6 biomarkers has higher 
specificity than PSA at the 4.0 ng/ml cut off value (99). Nowadays, the combination of 
biomarkers was studied by using the mass spectrometry. For example, in 9 protein 
peaks (3972, 5336, 11185, 4062, 4071, 4609, 6950, 8115 and 8133) were detected by 
SELDI-TOF MS. This SELDI pattern as screening application can discriminate the 
patients with breast cancer from the non-cancer subjects. Therefore, mass 
spectrometry is the one approach for generating the combination of biomarkers 
(100).  
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3. Mass spectrometry 

 

3.1 Basic of mass spectrometry 

 

Mass spectrometry is an approach to protein profiling and 
identification (35).  The typical MS has incorporated 3 parts that are an ion source, 
analytical part and detector as shown in Figure 5. A mass spectrometer detects the 
molecule by m/z measurement.  

The molecules are induced to become the ionized molecules by 
MALDI and electrospray ionization or ESI (101).  Generally, MALDI is the ionization 
approach which uses the laser energy absorbed matrix to generate ionized 
molecules. MALDI bestows the 1+ charge to the molecules (102). In contrast, the ESI 
generated a range of charged species (+1, +2, +3, +4 and so on) for each molecule. 
ESI generates the ionize analyst in capillary tip via liquid dispersion prior to travel in 
mass analyzer (101, 103).   

The different mass analyzer types detect the ions in different 
principle. Most often these mass analyzers are time of flight (TOF), quadrupole and 
ion trap. First, TOF mass analyzer separates ions by time in the flight tube under the 
vacuum condition. The kinetic energy of ion is a principle of TOF. Whereas this 
principle is not in quadrupole instruments (104). Quadrupole mass analyzer separates 
molecules based on m/z by detection of ion movement in the dynamic electrostatic 
field in area between each opposing rod pair. The ion trap separates the molecule in 
the electric field same as the quadrupole. The mass analyzer composes of a specific 
voltage ring electrode and end cap electrodes which trap ions of certain m/z values 
until ions more stabilized. Then the ions travel to the detector (104). Samples are 
subjected to MS prior to vaporization and ionization by the ion source. The ions of 
molecules are accelerated under vacuum. The molecule ions encounter the mass 
analyzer (electric or magnetic field); consequently, the molecules deflect their own 
paths based on their m/z then hit the detector (electron multipliers or microchannel 
plates). Nowadays, the liquid chromatography-tandem mass spectrometry (LC-
MS/MS), surface-enhanced laser desorption/ionization time-of-flight mass 
spectrometry (SELDI-TOF MS) and MALDI-TOF MS were the most common 
applications in the proteomics/peptidomics field. SELDI-TOF MS and MALDI-TOF MS 
are applied for protein fingerprint detection. SELDI-TOF MS analyzes the differences 
fingerprints among group via capture peptide on a solid-phase protein chip surface.  
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Some proteins in the samples bind with the surface modified plate, thus the only 
targeted peptide/protein group is detected. Although the sample preparation step of 
SELDI-TOF MS is unique, the co-crystallization and ionization step are similar to 
MALDI-TOF MS (105). 

 

 
 
Figure 5. The typical MS has incorporated 3 parts that are an ion source, analytical 

part and detector, consequence there are platforms based on the sample properties, 

the mass spectrometer type. The ionization can divide into 2 platforms (MALDI and 

ESI). In mass analyzer, there are three platforms: time of flight, ion trap and 

quadrupole. 



20 
 

 

3.2 Principle of MALDI-TOF MS 

 

The peptide patterns research field was performed by MALDI-TOF MS. 
MALDI-TOF MS is used as the cancer diagnosis approach, resulting from picomole 
sensitivity, high accuracy, high resolution and high-throughput of this technique (63). 
MALDI and TOF were used as the ionization and mass analyzer step in this platform. 
First, the sample is co-crystallized with matrix prior to laser energy absorbing matrix. 
Then The matrix transfers the energy to molecules resulted in molecules in solid are 
changed into the gas phase (106). The ions pass sample electrode and extraction 
electrode to the Einzl lens. The suppressed undesirable ions in ion path were 
performed by Einzl lens (107, 108). Then, the ions under the vacuum travel in field-
free drift region in order to detect by microchannel plate I (MCP I) in linear mode. As 
a result, the peptide mass spectrums are shown in this mode. For identification step, 
the ions pass through the reflectron under high voltage. The peptide ions breakdown 
to sequence and hit with the MCPII detection as shown in Figure 6. The 
consequence, the MALDI-TOF MS base peptide/protein fingerprints are displayed 
after MCP II detection (36, 107).  
 

 
 
Figure 6. Pictorial diagrams of MALDI-TOF MS/MS (74). MALDI-TOF MS is a platform of 
mass spectrometry which detects the mass per charge measurement. MALDI-TOF MS 
composes of 3 steps. The first step is ionization; matrix absorbs the energy which 
transfers to sample. The sample becomes ions. The ion travels in the field free drift 
region in order to the detector (MCP I & II). The smaller molecules travel shorter time 
than the larger one (108). 
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4. Peptide fingerprints in cancer 
 

Mass spectrometry is an effective diagnostic tool for proteins or 
peptides detection in the biological fluid (109). The previous study shows that 
several low molecular weight peptide spectrums were associated with the pathology 
condition. Peptidomic pattern analysis has been widely observed on the 
microorganism and several diseases especially, cancers e.g., gastric, ovarian, hepatic 
and breast cancer as shown in Table 3 (110- 112). Four peaks (at m/z 2752, 6277, 
5866 and 10093) were differentially expressed between primary breast and lung 
adenocarcinoma.  A peak at m/z 10093 was the higher expression in only primary 
lung cancer than breast cancer (113). The peak at 1465.63 (m/z) was observed as a 
peak to discriminate between gastric cancer patients with and without lymph node 
(110). The specific low molecular weight protein profiles in saliva were used to 
discriminate healthy subject from oral lichen planus, chronic periodontitis, and oral 
cancer.  For example, the peaks at 5592.26 and 8301.46 Da were significant increase 
in oral cancer. The 12964.55 and 13279.08 (m/z) peaks were overexpression in oral 
lichen planus (114).  The low molecular weight peptides (m/z 1310, 2135, 2411, 
2585, 3591, 3973, and 4299) were discriminated healthy from pancreatic cancer and 
chronic pancreatitis.  On the other hand, 1209, 1258, 1276, 1448, 1544, 1614 and 
1685 (m/z) peaks were expressed only in the healthy subject (109, 115). The previous 
study shows the several low molecular weight peptide spectrums were associated 
with the pathology condition. Valerio et al. demonstrated that the low molecular 
weight peptide patterns were higher expressed in pancreatic cancer in healthy 
subjects (115). The serum profiles using the SELDI-TOF MS were used to improve the 
diagnosis of breast cancer patients. The peaks at m/z 3808, 6850, 7926, 8115, 8143, 
8916 and 13870 were significantly correlated with breast cancer patients. The 
peptides at m/z 1452, 2670, 3972, 5354, 5523, 6624 and 28268 were significantly 
higher in healthy serum than breast cancer serum (100, 116). In hepatocellular 
carcinoma research, 11 m/z peaks were constructed to the biomarkers panel. Serum 
peptides at m/z 1073, 1450, 1866, 3883, 4054, 4644, 5064, 5247, 5805, 6579 and 7637 
were clearly different among the investigated groups: hepatocellular carcinoma, 
chronic hepatitis, liver cirrhosis and healthy control (117). In ovarian cancer serum, 27 
peptide peaks were used as biomarker panel to discriminate between the ovarian 
cancer patients and healthy controls. Peaks m/z 5486, 5643, 5253, 8149, 16450, 8054, 
11650, 3933, 7773, and 4560 were upregulated in ovarian cancer samples when 
compared with healthy, although peaks at m/z 8943, 13720, 6440, 8142, 6890, 8700, 
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8575, 13980, 6369, 4348 and 3260 were down-regulated in ovarian cancer (118). The 
m/z peaks at 7350, 8446, 10850 and 14693 were higher expression in malignant 
Barrett’s epithelium than benign epithelium cells. This panel was developed to 
search malignant Barrett’s epithelium biomarkers in tissues (119). Furthermore, up to 
56 different peaks have been found in patients with and without multiple myeloma, 
and three significant peaks at m/z 8131, 11660 and 22752 were used to identify 
multiple myeloma and non-multiple myeloma (109). Similarly, the MALDI peptide 
patterns were used for discriminating among esophageal adenocarcinoma, Barrett’s 
esophagus, high-grade dysplasia and healthy person. They found that six mass 
spectrums significantly differed, and the peaks at m/z 1908, 2112, 3158, 3404, 3766, 
and 4562 were overexpressed in patients with esophageal adenocarcinoma (120). In 
the range of 700-10000 m/z, the mass spectrums were different among biliary tract 
cancer, benign biliary disease and healthy controls. The 887, 2903 and 5803 Da were 
higher expressed in biliary tract cancer than healthy controls (121). The candidate 
marker for colorectal cancer was generated via MALDI-TOF MS. The results show 5 
different peptide peaks at m/z 1895, 2020, 2080, 2656 and 3238 were significant 
differences between patients with colorectal cancer and healthy control. The 
sensitivity and specificity of this panel displayed 95.6% and 91.8%, respectively (122).  
For cervical cancer stratification development, the MALDI imaging MS and Pap smear 
were combined. Pap smears were analyzed via MALDI imaging MS. 5 peptide peaks 
(2012, 2172, 2339, 3441 and 4740) were significantly different between the positive 
and negative cytology (123). In cervical cancer, the peaks at 3974, 4175 and 5906 Da 
have identified the specific serum tumor marker to discriminate between healthy 
subjects and patients with cervical cancer (124). More researches focus on peptide 
fingerprints which may improve the cancer screening/ diagnosis test. However, there 
are minimal researches concerning serum peptide fingerprints in various stage of 
cervical cancer. 
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Table 3. The peptide signature peaks in different cancer types. The serum/plasma 
signature peptide patterns in the range of 1000 – 10000 m/z in each cancer type 
were reported using MALDI-TOF MS approach. The proposed m/z peaks may be the 
candidate biomarkers. The biomarker candidate was identified via MALDI-TOF MS/MS. 
(Adapted from Hajduk et al., 2018, (125)) 
 
Cancer 
type 

m/z Biomarker candidates 

Stomach  
  
  
  

1089, 1466, 1470, 1626,  5904,  
5917 

Fibrinopeptide A  

3217, 3316, 3952, 6431, 6630    - 

6431, 6629, 9443  
  

Apolipoproteins C-I, 

Apolipoproteins C-III 

Colorectal  
  
  
  
  
  
  

1532, 1781, 1867, 2132, 2234, 
2490, 2880 
  
  
  
  

Alpha-fetoprotein, prothrombin,  

Isoform 2 of inter-alpha-trypsin, 

Inhibitor heavy chain H4,  

Isoform 1 of autophagy-related 
protein, transthyretin,  
Fibrinogen beta chain 

1779, 1866, 1935, 2022, 4589  Complement C3f  

7772 - 

Pancreas  
  
  

3884, 5959  Platelet factor 4  

2084, 2178, 2770, 2899, 3096, 
8760, 8939  

- 

1489, 2913, 4112 Apolipoprotein A-IV  

Lung  1760, 2881, 2940 ,3884,  
5248,  5773, 5851, 7172 , 7764, 
8140 

- 

Breast 
  
  
  
  

1041, 1061, 2660 
  
  

Fibrinogen alpha chain,  

Inter-alpha-trypsin inhibitor heavy 
chain H4, apolipoprotein A-II 

1046 Angiotensin II  

4209, 4264  - 
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Table 3. (Continued) 
 
Cancer 
type 

m/z Biomarker candidates 

Myeloma 2900, 3316, 7763, 2661  - 

Renal  1083, 1445, 6879  - 

Bladder 3525, 4282, 4963, 5804, 5903  - 

Ovary  1066,1082,1088,1277,1293, 
4467,4963, 8602 

- 

Uterus  
  
  

1026, 1889, 1899, 3210, 3265, 
3282  
  
  

Isoform 2 of fibrinogen alpha 
chain, Albumin, Isoform CRA,  
Complement C4-B-like isoform 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



25 
 

 

OBJECTIVE 
 
 

The aim of study is to characterize the serum peptide patterns at 
various stages of cervical cancer patients (precancerous, stage I, stage II and stage III) 
and healthy women by MALDI-TOF MS analysis. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



26 
 

 

CHAPTER 2 
 

RESEARCH METHODOLOGY 
 
 

Material 
 
1. Chemicals and reagents 

 
Alpha-cyno-4-hydroxycinnamic acid (CHCA), ProteoMass™ peptide& 

protein MALDI-MS calibration kit and trifluoroacetic acid (TFA) were purchased from 

Sigma-Aldrich, Germany. Folin-Ciocalteu phenol reagent and sodium hydroxide 

(NaOH) were bought from MERCK, GERMANY. Acetonitrile (ACN), copper(II) sulfate 

(CuSO4), sodium carbonate (Na2CO3), sodium dodecyl sulfate (SDS) and tataric acid 

were obtained from RCI Labscan Ltd (Thailand),  Fisher scientific (United Kingdom), 

Panreac Applichem( United States of America), USB corporation( United States of 

America), and Cario Erba (Italy). 
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METHODS 
 
1. Sample collection and preparation 

 
Blood specimens from 139 preoperative cervical cancer patients and 

83 age-matched healthy volunteers without cancer and HIV infection history were 
obtained from the Division of Gynecologic Oncology, Department of Obstetrics and 
Gynecology, Songklanagarind hospital. The diagnosis of cervical cancer specimen was 
histopathologically confirmed by the clinician. The clinical staging is according to the 
criteria of the FIGO. The subjects ranged in age from 30 to 65 years old. Informed 
consents were obtained from all participants and the study was approved by the 
ethics committee of the faculty of Medicine of Prince of Songkla University. The 
detail characteristics of all participants and experimental sets were shown in Table 4-
6. Prior to clinical operation, 5 ml of whole blood was collected from each subject 
who had not been fasting prior to any invasive process and allowed to clot at room 
temperature for 1 hour. Within 2 hours after collection, the blood samples were 
centrifuged at 2,500 xg for 10 minutes at 4 °C. To avoid multiple freeze-thaw cycles, 
all serum samples were separated into multiple aliquots and immediately stored at -
80°C until use.  

 
2. Experimental design 

 
The methodology processes are divided into 2 phases (optimal 

condition and experiment phase). First, the optimal condition phase was divided for 
finding the suitable condition for the experimental phase. This phase consists of 
sample preparation using cut off and ZiptipC18 (vary ACN concentration for wash and 
elute fraction). The samples were obtained from 40 healthy subjects, 39 patients 
with precancerous, 40 patients with early stage and 29 patients with advanced stage.  
The serum from patients with same stage was pooled and used as shown in Table 4.   
   The optimal condition obtained from in the first phase was used in 
the second phase (experimental phase). The 222 specimens including 83 healthy 
controls, 51 patients with precancerous, 24 patients with stage I, 37 patients with 
stage II and 27 patients with stage III were performed for experimental phase. The 
individual sample was pooled together in the equal protein amount for reducing the 
bias based on clinical diagnosis. For the experiment, the serum specimens were 
divided into 2 sets as training (30 healthy women and 75 cervical cancer patients) 
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and validation set (53 healthy subjects and 64 cervical cancer patients) as shown in 
Table 5. Each set was then assigned to perform in a distinct day, as well as a 
duplicate of each set was carried out in the following week in order to validate a 
mass spectrum and test the reproducibility. For MS analysis, the samples at each 
stage were pooled and quantified using Lowry assay. The overview of experimental 
design is presented in Figure 7. 

All individual samples as same cases with experimental phase were 
used to observe the peptides mass spectrums. Then, the results from dendrogram 
showed the peptide mass spectrums were separated into 5 groups including healthy 
subject, precancerous group 1 (precancerous mass spectrum which close stage I), 
precancerous group 2 (precancerous PMF which resembles stage III), stage I & IIA 
(stage II peptide spectrum which looks like stage I) and stage III& IIB (stage II peptides 
profile similar with stage III). The samples were pooled in the same protein amount 
based on dendrogram to creating database. The number of cases and their 
characteristics in this group was shown in Table 6. Individual cases for each pooled 
serum group were shown in Appendix B (Table 11-14). 
 



 
 

 

Table 4. The characteristics of participants in the optimal condition phase. Specimens from healthy control (HC), precancerous, early 
and advanced stage were used for selection of the suitable sample preparation procedure  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample preparation Condition Samples group (no. of cases) 

 Cut off   HC (40), Precancerous (39), Early (40) and Advance (29) 
 ZiptipC18  Vary ACN  HC (40) 

 Fraction selection  HC (40), Precancerous (39), Early (40) and Advance (29) 
 Sample per matrix ratio  HC (40), Precancerous (39), Early (40) and Advance (29) 

29 



 
 

 

Table 5. Characteristics of participants in the experimental phase.  Specimens from both training (90 cases) and validation set (105 
cases) were used. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

Sample group 
Pathological 

stage 
Overall no. 

of cases 

Training set Validation set  

no. of cases 
Age 

no. of cases 
Age 

(median/range) (median/range) 
Healthy controls  - 83 30 42/ (31-60) 53 42/ (30-59) 
Cervical cancer Precancerous 51 30 44/ (30-61) 21 45/ (30-61) 
patients   Stage I 24 15 45/ (32-54) 9 48/ (32-65) 
    Stage II 37 15 45/ (31-65) 22 51/ (39-61) 
    Stage III  27 15 44/ (32-61) 12 52/ (43-63) 

30 



 
 

 

 
 
Figure 7. Experimental design of serum peptide profiles. The optimal condition and 
experimental design phase were performed in this study. In an optimal condition 
phase, pooled stage serum was used for selecting the optimal protocol (sample 
preparation condition). The experimental phase was generated based on the optimal 
protocol. The pooled serum specimens were divided into 2 sets as training and 
validation set. Peptides in all samples were prepared by using ZipTip C18 prior to 
MALDI-TOF MS analysis followed by bioinformatics tool analysis.  
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Table 6. Patient characteristic for creating the database.  
 

Sample group 
Charecteristic of investigated group 

Biotyper group 
Age Pathological 

stage 
Histology 

(median/range) 

Healthy controls Healthy (n=25) 39/(30-57) - - 

Cervical cancer Precancerous set 1 (n=4) 37/(35-49) LSIL (n=3) Adenosquamos (n=1)  

patients       HSIL (n=1) SCCA (n=3) 

    Precancerous set 2 (n=6) 48.5/(30-53) LSIL (n=2)  Adenosquamos (n=1)  
        HSIL (n=4) SCCA (n=5) 

    Stage I and II set 1 (n=19) 50/(32-65) IA (n=6)  Adenocarcinoma (n=1)  

        IB (n=3) Adenosquamos (n=3) 

        IIA (n=1) SCCA (n=15) 

        IIB (n=9)   

    Stage II set 2 and III (n=22) 49/(31-61) IIA (n=1) Adenocarcinoma (n=1) 

        IIB (n=12) Adenosquamos (n=2)  

        IIA (n=0) SCCA (n=16) 

        IIIB (n=10) No data (n=4) 

32 
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3. Preparation of serum peptides by cut off device 
 

The principle of cut off device is membrane ultrafiltration which 
separates molecules based on size (molecular weight). The centrifugation forces 
solution to flow through the molecular weight membrane cut off (MWCO). As a 
result, the low molecular weight molecules flow through the permeable membrane, 
whereas the larger molecules than the pore size of membrane are still retained.    In 
proteomic research filed, the MWCO membrane is used to concentrate the 
peptide/protein (125). 

In this study, the 10 kDa cut off membrane filtration (Nanosep, PALL, 
USA) was equilibrated by sterile water prior to centrifuge at 5,000 rpm for 5 min. 
Then, the sterile water in cut off tube was removed. For specimen preparation, 150 
µl of pooled serum was diluted with 300 µl of sterile water.  The diluted serum was 
added on the top of 10 kDa cut off membrane filtration tubes and centrifuged at 
10,000 rpm for 20 min. Then the solution was collected prior to concentrating under 
vacuum.  The protein concentrations of samples were measured by using Lowry 
assay. The serum peptides were diluted with 0.1% TFA to the final concentration of 
1 µg prior to MS processing and bioinformatics analysis. The cut off process was 
shown in Figure 8. 

 

 
 
Figure 8.  The peptides were prepared by using the cut off. The sample was mixed 
with MALDI matrix and directly applied to the MALDI steel target plate. Mass 
spectrums were performed using Ultraflex III TOF/TOF. All results were evaluated by 
using FlexAnalysis 3.0 and ClinProTool 2.2 software. 
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4. Preparation of serum peptides by ZipTipC18 
 
   In order to remove the polymer peaks, peptide samples were purified 

by ZiptipC18 reverse phase chromatography (MERCK, Germany). The C18 binds with 

resin acts as the stationary phase. When sample flows through the ZiptipC18, the 

hydrophobic peptides bind with C18 at the end of tip. Then ACN as mobile phase 

was used to elute the hydrophobic peptides to mass spectrometry (125). The 

peptide preparation was processed by ZipTipC18 was shown in Figure 9 

 

 
 
Figure 9.  Serum peptides preparation using ZiptipC18 reverse phase 
chromatography. Then, the peptides were mixed with MALDI matrix and directly 
applied to the MALDI steel target plate prior to mass spectrum analysis by the 
combination of Ultraflex III TOF/TOF and bioinformatics tools (FlexAnalysis 3.0, 
ClinProTool 2.2 and Biotyper 2.0 software). 

 
4.1 Selection of appropriated solution 

. 
In this step, the peptides from pooled samples were applied to 

observe the condition. Four concentrations of ACN (25%, 50%, 75% and 100% ACN) 
were used for eluting the peptides in ZiptipC18. First, ZipTipC18 were wetted and 
equilibrated by 100% ACN and 0.1% TFA, respectively. The 100 µg serum peptides 
were subjected onto ZipTipC18 prior to wash the unbound peptides with 20 µl of 
0.1% TFA. The peptide fractions were eluted from ZiptipC18 with 20 µl of 25%, 50%, 
75% and 100% ACN. Each eluted fractions were collected and dried under vacuum 
before resuspending in 20 µl of 0.1% TFA. 
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4.2 Optimal conditions of sample to matrix ratio 
 

All peptide from eluted fractions were tested for selecting 
appropriated sample to matrix ratio. The ratios yielding maximum number of MS 
signal were used for the experimental phase. 

5 sets of 100 µl serum peptides were eluted with 100%ACN prior to 
mix with CHCA matrix solution at the ratio (v/v) of 1:1, 1:2, 1:3, 1:4 and 1:5, 
respectively. Then, the mixtures were directly spotted onto MALDI plate and dried at 
room temperature. 

 
4.3 Experiment phase in both training and validation datasets 

 
Both pooled serum based on staging (healthy subjects and patients 

with precancerous, stage I, II and III) and individual serum sample were analyzed 
according to the optimal procedure. According to the optimized protocol shown in 
4.1, the tip was pre-wetted and equilibrated with 100% ACN and 0.1% TFA, 
respectively. The samples were diluted to 100 µg peptides with 0.1% TFA and 
loaded onto the tip. The tip was washed to remove the unbound peptide with 0.1% 
TFA. Then, sample fractions were eluted with 20 µl of 100% ACN. The eluted 
solutions from all samples were mixed with CHCA matrix at the ratio of 1:5 prior to 
spotting on the MALDI plate. 

 
5. MALDI TOF preparation 

 
The peptides were mixed with MALDI matrix consisting of 10 mg/ml of 

CHCA in 50% ACN containing 0.1%TFA (sample to matrix ratio; 1:5), and directly 
applied onto the MALDI steel target plate (MTP384 ground steel plate, Bruker, 
Germany). The replicates were used in turn to prevent sample preparation bias in 
pooled sample.  In order to eliminate the difference in the matrix crystallization, all 
preparation steps were performed in a precise air-conditioned room. After air drying, 
the mass spectral analysis was performed using Ultraflex III TOF/TOF (Bruker, 
Germany) in a linear positive mode with a mass range of 1000- 10000 Da. Laser shots 
1500 shots/spot. Before the MS analysis, external calibration was performed using 
standard peptide and protein mixtures (ProteoMass™ peptide& protein MALDI-MS 
calibration kit; Sigma Alderich, United States), which consist of human Angiotensin II 
(m/z 1046), P14R (m/z 1533), human ACTH fragment 18-39 (m/z 2465), bovine insulin 
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oxidized B chain (m/z 3465) and bovine insulin (m/z 5731). Both the training and 
validation sets used the same processing steps of MALDI peptide preparation. 

 
6. MS Data analysis   

 
All raw MALDI spectrums were operated to spectra processing, 

incorporating MALDI spectra detection, smoothing, baseline peak subtraction and 
internal spectral alignment by using FlexAnalysis 3.0 (Bruker Deltonik, GmbH, 
Germany). ClinProtTools 2.2 software (Bruker Deltonik, GmbH, Germany) was used to 
determine total average spectrum, principal component analysis (PCA), virtual gel 
view. The significant peptides were distinguished by Genetic algorithm (GA), different 
average, ANOVA, supervised neural network (SNN), and wilcoxon/kruskal-wallis test. 
Two-Tailed (P<0.001) was analyzed significantly different among investigate groups. 
The 8 replicated individual patterns in gel view were examined for observing the 
pattern. Then the dendrogram from individual samples was used as the criteria for 
pooled serum prior to generating the database.  The reference mass spectrum of 
pooled stage sample was subjected into BioTyper 2.0 software (Bruker Deltonik, 
GmbH, Germany). The mass spectrum from individual sample was compared to the 
peptide patterns in the reference database. Bruker outliner criteria were used in this 
analysis (Bruker Deltonik, GmbH, Germany). Each peptide pattern which matched with 
the database was exhibited in the log score ranging from 0- 3. A score between 1.9- 
3.0 indicate PMF from individual case quite similar to the top database. The numbers 
of matched cases in each database have calculated for the sensitivity and specificity 
by using 2 by 2 tables as shown in Table 7. 
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Table 7. Sensitivity and specificity calculation. 
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CHAPTER 3 
 

RESULTS 
 
 

1 Results from optimizing condition phase 
 
1.1 Mass spectrums from ultrafiltration preparation (cut off) 

 
For low molecular weight peptide collection, ultrafiltration or cut off 

was used. Individual specimens were pooled together based on clinical diagnosis. 
Four pooled serum groups (healthy, precancerous, early and advanced stage) were 
examined to find the optimal condition. 
  Pooled serum samples from ultrafiltration preparation generated the 
results in 3 views including total average spectrum, gel view and PCA. The total 
average spectra in 1000-10000 m/z were shown in Figure 10. The x and y-axis in 
chromatogram represented the mass per charge value and the intensity, respectively. 
Each group had the own signature peptide pattern. Nonetheless, the repetitive peaks 
were found in the range of 1000- 5000 Da of all samples. 

To observe the consistency result with total average spectrum, the 
profiles in the pseudo-gel view were displayed in Figure 11. The linear grayscale for 
intensity display was used for the spectra of four model generation group’s 
classification. The peak intensity in arbitrary units (a.u.) shows in the right y-axis. The 
high intensity represents in a darker line when compared with the low intensity of 
peak. The left y-axis exhibits the replication number of the spot. The x-axis 
represents the m/z value. The 24 replicated mass spectrums were arranged into 1 
box, consequence same m/z in all spectrums were exhibited the line parallel with 
the y-axis. The continuous lines from no. 1 to 24 represent the repeatable mass 
spectra. In this figure, the continuous line was occurred in all groups of patients. 
Moreover, the peptide patterns in gel view were consistency with the chromatogram 
which showed the repetitive peak in the range 1000-10000 Da.  
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Figure 10. Mass spectrums of pooled sera prepared by cut off. The total average 
spectrums in range 1000-10000 Da were performed. The x and Y -axis represents the 
m/z value and the intensity, respectively. The repetitive mass spectrums in range of 
1000-5000 were showed in all sample groups.  
 



 

 

 
 
Figure 11. Pseudo-gel of pooled serum prepared by cut off. The four model generation classes (healthy, precancerous, early and 
advanced stage) were classified using a linear grayscale for intensity display. The x-axis, right and left axis exhibits the m/z value, peak 
intensity level and number of spots.  40 
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     The distinguish peptide profiles in terms of total peaks and intensity 
were generated in PCA. This view is an extensively utilized mathematical technique 
created to demonstrate the variance within a data. In the event of mass profile, the 
variables are illustrated by the intensity at defined masses. Each mass spectrum from 
1 spot generated 1 sphere. The distant of spot shows the resemblance when sphere 
close together which explained this peptide profile was similar in both intensity and 
mass. In this result, yellow, blue, green and red sphere exhibited the mass spectrums 
from healthy, patients with precancerous, stage I, II and III, respectively. Regrettably, 
spheres from all groups were mixed up; therefore the pooled stage represent sample 
after ultrafiltration could not completely separate distribution among groups as 
shown in Figure 12. This problem may be caused by repetitive peaks.  

 

 
 
Figure 12. PCA plot for the pooled samples prepared by cut off. Healthy group was 
shown in yellow sphere. Cervical cancer patients with precancerous, early stage and 
advanced stage were exhibited in blue, green and red sphere, respectively. 
 
  The 111 Da repeated mass spectrums occurred in all investigated 
group. These repeat units were presented in MALDI spectrums expanded region 
between m/z 1000 and 3000. The only mass spectrum from early stage cervical 
cancer occurred 2 repeat unit sets which were mass spectrums with 111 and 43 
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repeat units as shown in the Figure 13. The mass spectrum with 43 repeat units was 
shown in the range 3000-5000 Da. The previous study showed the repeated mass 
distributions were commonly found in the polymer research filed. The repeated units 
in mass spectrum are the monomer of polymer. Normally, polymer was applied for 
medical application such as the containers, syringe. The degradation mode of 
polymer resulted in the monomers which were detected via MALDI-TOF MS (126, 
127). 
 

 
Figure 13. MALDI-TOF peptide fingerprints in the m/z range 1000 – 5000 Da. (A) The 
mass spectrums in early stage represent both peptides and polymer peaks. (B, C) The 
mass spectrum with 111 and 44 Da repeat units occurred in the range of 1000- 3000 
and 3001- 5000 Da, respectively.  
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1.2 Mass spectrums from ZiptipC18 reverse phase chromatography 
 

The polymer mass spectrums were removed by using reverse phase 
chromatography.  Pooled serums of healthy, precancerous, early and advanced stage 
were used as the investigated group for optimizing the condition of peptide patterns.  

 
1.2.1 Mass spectrums comparison among the different concentration of ACN 

 
  The individual samples from healthy subject group were pooled prior 
to cut off and ZiptipC18 comparison. The peptide profiles from ZiptipC18 showed 
the decrease of repetitive pattern when compared with mass spectrums from cut off; 
therefore, ZiptipC18 was selected for peptide preparation. 

The various concentrations of ACN were shown in the range of 1000- 
5000 m/z (Figure 14). The mass spectrums of the eluted solution in 25%, 50% and 
75% ACN exhibited both peptide signal and the repetitive polymer peaks. Whereas, 
the peptide pattern from 100% ACN displayed only the peptide pattern; therefore 
the 100% ACN is the best concentration for sample preparation. 
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Figure 14. Comparison of mass spectrums of pooled healthy subjects by cut off and 
Ziptip C18 preparation method. The eluted solution at 25%, 50%, 75% and 100% 
ACN were performed for the trial condition of ZiptipC18. The mass spectrum from 
100% ACN eluted solution showed an absence of the repetitive peaks.  
 
1.2.2 Comparison of mass spectrums between washed and eluted solution 

 
  After ZiptipC18 processing, the hydrophilic and hydrophobic peptides 
were collected in washed and eluted solution, respectively. For selecting the 
solution, the peptide patterns in the range of 1000- 10000 m/z from washed and 
eluted solution were compared via intensity and number of peaks (signal to noise 
more than 5). In washed fraction, peptide patterns had a low both intensity (lower 
3500 a.u.) and total peaks (Figure 15A). On the other hand, the peptide patterns in 
the eluted fraction generated many peaks with high intensity (more than 1.5×104 a.u.) 
as shown in Figure 15B. Moreover, repetitive peaks were decreased. As a result, the 
peptides mostly presented in the eluted solution resulted in the eluted fraction 
were used in the experimental phase.  
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Figure 15. The MALDI-TOF profiles comparison of the optimal condition in sample 
preparation. Both of washed and eluted fractions were performed by using pooled 
sample from healthy women, patients with precancerous, early and advanced stage 
of cervical cancer. The mass spectrums from the washed fraction showed lower 
intensity and number of peaks (A). Nevertheless, the spectrums from the eluted 
fraction were high intensity and number of peaks (B). 

 
 
 
 
 

(A) 
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Figure 15. (Continued) 

 
1.2.3 Comparison of spectrums derived from different ratios of sample to matrix ratio 

 
 The sample to matrix ratio is a factor which influences the ionization 

step. The appropriate ratio results in mass spectrum with high number of peaks. 
The eluted fractions from all of pooled serum (healthy, precancerous, 

early and advanced stage) were used to optimize the sample to matrix ratio. The 
mass spectrums obtained from matrix ratio of 1:1 to 1:5 were shown in Figure 16. 
The total number peaks in each fraction were listed in Table 8. The high number of 
peaks in healthy subjects was ratio 1:1. The maximum number of peaks in all group 
except healthy subject was ratio 1:5. Therefore, the appropriate sample to matrix 
ratio for the experimental phase is 1:5 (v/v). 

 
 

(B) 



 

 

Table 8. The optimization of sample to matrix ratio. The sample to matrix ratio was varied from 1:1 to 1:5 which compared in term of 
total peaks.  
 

Matrix ratio Healthy Precancerous Early Advance

1:1 29 19 23 26

1:2 27 19 31 35

1:3 20 19 21 26

1:4 18 18 18 32

1:5 22 35 32 36

Maximum 29 35 32 36

Total number of peaks
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Figure 16. The mass spectrums from optimization of sample to matrix ratio. All of 
pooled sample groups; healthy (A), precancerous (B), early (c) and advance (D) stage 
group showed the mass range 1000-5000 Da. Mass spectrums of samples to matrix 
ratio from 1: 1 to 1:5 were shown.  
 
 

 
 

 
 

 
 
 
 

(A) 
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Figure 16. (Continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 

(B) 
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Figure 16. (Continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 

(C) 
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Figure 16. (Continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(D) 
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2.  Investigation of peptide patterns in both training and validation set 
 
2.1 Peptide profiles of pooled serum 

 
The 2 independence data sets (training and validation sets) were 

performed in the experimental phase. The validation dataset was used to confirm 
the results from training set. As a result, the peptide mass spectrum of 24 spots of 
each sample groups was shown results in form of chromatogram, gel view, PCA, 
signature and significant peaks. The total average spectrums in the range of 1000- 
10000 m/z were generated from pooled sample among training set, validation set, 
and their duplication. As a result, each sample group had its own signature peptide 
patterns. According to the independence dataset, the peptide profiles between 
training and validation set had some different m/z peaks (Figure 17). The average 
total numbers of peaks in each group of training set were 52 (healthy subjects), 49 
(precancerous), 65 (stage I), 66 (stage II) and 73 (stage III) as shown in Figure 17A.  In 
the validation set, the average total number of peak from healthy subject, patients 
with precancerous, stage I, II and III were 52, 59, 63, 53 and 71, respectively.  The 
result in gel view form was shown in Figure 18. Gel view in each dataset and its 
duplicate showed continuous y-axis line which means the result is the high accuracy. 
The representative pooled sample group was presented as PCA. The color in PCA 
exhibited the sample group; healthy (purple), yellow (patients with precancerous 
stage), blue (patients with stage I), green (patients with stage II) and red sphere 
(patients with stage III). The similar color was closely and the different group was long 
distant. Consequently, the PCA model showed the discrimination of the peptide 
patterns that were found not only in cervical cancer and healthy group but also 
among different cancer stages as shown in Figure 19. 
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Figure 17.  MALDI spectrum of pooled serum sample obtained from healthy women 
and various stages of cervical cancer in the range of 1000- 10000 m/z.  The total 
average spectrums were the representative patterns in experimental phase which 
acquired from the training (A) and validation datasets (B).   
 
 
 

(A) 
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Figure 17.  (Continued) 
 

(B) 



 

 

 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18.  The gel view of pooled sample groups from training, validation set and its duplicated. Pseudo-gel of pooled serum sample 
from healthy women (A) and patients with various stages of cervical cancer (precancerous (B), stage I (C), stage II (D), and stage III (E)) in 
the range of 1000- 10000 m/z generated by ClinProTool2.2  software. 

Training-E1 

Training -E2 

Validation-E1 

Validation -E2 

(A) 
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Figure 18.  Continued 
 
 
 
 

(B) 
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Figure 18.  Continued 
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Figure 18.  Continued 
 
 
 
 

(D) 
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Figure 18.  Continued 
 
 

(E) 
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Figure 19. PCA of pooled sample prepared by using ZiptipC18 reverse phase 
chromatography. The data were generated from healthy women and cervical cancer 
patients (precancerous, stage I, II and III). The 24 replications (24 spheres) per group 
were performed to observe the precision. The purple, yellow, blue, green and red 
spheres represent the mass spectrums from healthy, precancerous, stage I, II and III, 
subsequently. The same colors of spot were closely and the different groups were 
far away.  Cluster analysis exhibited separately distribution with healthy, 
precancerous and cervical cancer (stage I, II and III). (A) and (B) showed results from 
pooled sample in training data set and it’s duplicated.  (C) and (D) represented 
results from pooled sample in validation data set and it’s duplicated.   
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Differences in the peptide mass profiles among examined groups were 
analyzed by multivariate and univariate algorithm (different average, ANOVA t-test 
and Wilcoxon/ Kruskal-Wallis test) as shown in Table 9. The different peaks were in 
the range between start and end mass. The averages of different mass peak were 
shown in column mass in the table. The weight shows the value from the algorithm 
calculation. In the Table 9, the group with high intensity of peaks represent in the 
dominant group. P<0.001 was considered statistically significant.  The multivariate 
algorithms in this study were genetic algorithm (GA) and supervised neural network 
(SNN). First, the genetic algorithm is model which classified all peaks via evolutionary 
characteristics. The distances between all spectra were calculated with the k-nearest 
neighbor. The class membership of the neighboring point was used to categorize 
each mass spectrum (128). As this result, the average molecular weight of 1488, 
1741, 2307 and 3242 Da were high intensity in stage III, I, II and II, respectively.  SNN 
algorithm is another multivariate classification model which categorized base on 
proteotype. The optimal distribution of spectra was generated prior to use matrix of 
data space which is relevant for the classification (129).  The mass signals of m/z 
1898 and 2044 were increased in stage I and healthy subject (SNN, p-value <0.001).  
Quick classifier algorithm is the univariate classification model. The peak areas among 
group were compared with the statistic (p-value). Difference Average compares the 
difference between the maximal and minimal average area of mass spectrum (130). 
In case of this study, the peak at 1466.91 Da was high intensity in cervical cancer 
patients with stage III.  ANOVA is a statistic in univariate model for the data expecting 
normal distribution (130,131). The result show that the average molecular weight of 
1898, 3159 and 4299 were significantly high intensity in stage I, precancerous and 
stage III (ANOVA, p<0.001). The Wilcoxon and Kruskal-Wallis Test are the non-
parameter method which does not suppose a normal population (132). In this study, 
the difference in the mass spectrums among the five investigated groups (healthy, 
precancerous, stage I, II and III) were examined by the Wilcoxon/Kruskal-Wallis test. A 
mass signal at 1466 Da was significantly differenced among cervical cancer and 
healthy group. This peak was differentially high expressed in cervical cancer patients 
with stage III. On the other hand, m/z 1466 in a group of healthy and precancerous 
represents the low intensity as shown in Figure 20.  
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Table 9. The different mass signal among pooled stage group (healthy, precancerous, 
stage I, II and III). GA, SNN, different average, ANOVA and Wilcoxon/Kruskal-Wallis test 
(pWk) were used as algorithm for observing the significant peak (p-value <0.001). 
 

Mass  Start Mass  End Mass Weight P-value Dominant group 

GA 

1488.72 1481.63 1498.28 39.7622503   Stage III 

1741.72 1736.11 1747.68 48.0993892   Stage I 

2307.55 2300.88 2316.39 20.3088624   Stage II 

3242.1 3231.43 3252.41 30.2284207   Stage II 

SNN 

1898.01 1892.44 1912.26 0.07462128   Stage I 

2044.73 2038.47 2052.65 0.09665862   Healthy subjects 

Different average 

1466.91 1460.72 1481.63 64.7121248 
 

Stage III 

ANOVA 

1898.01 1892.44 1912.26 9.36E-66 0.000008 Stage I 

3159.09 3148.93 3176.56 3.39E-56 0.000008 precancerous 

4299.4 4293.28 4336.07 4.49E-76 0.000002 Stage III 

pWK 

1466.91 1460.72 1481.63 1.49E-21 0.000139 Stage III 
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Figure 20. The significant different peaks among the investigated groups. The total 
average spectra in the range 1000- 10000 m/z were analyzed using the 
Wilcoxon/Kruskal-Wallis test. In cervical cancer patients with stage III, the peptide 
signals at 1466.91 Da was significantly differenced as compared with other groups 
(p<0.001). 
 

2.2 Mass spectrum of the individual sample 
 

All mass spectra from the individual sample were overlaid based on 
the staging and dataset. At m/z 1000- 10000, the peptide profiles in each sample had 
their own pattern; however, the individual sample in the same group still showed 
some similar peaks. In pseudo-gel view result, the 20 representative individual 
patterns of each sample group were aligned as shown in Figure 21.  In this case, the 
results from individual sample exhibited each sample had the distinguished profile 
which consistency with chromatogram view. 
 



 

 

       
Figure 21.  The gel view with the range of 1000- 10000 m/z of 20 individual samples per groups. Individual sample from healthy 
subjects and cervical cancer patient with precancerous, stage I, stage II, and stage III exhibited the patterns in A, B, C, D and E, 
respectively. 
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Figure 21.  (Continued) 
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Figure 21.  (Continued) 
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Figure 21.  (Continued) 
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Figure 21.  (Continued) 
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2.3 Comparison peptide profiles between pooled and individual samples 
 

For generating the database, the appropriated data for creating 
reference mass spectrums were concerned. The dendrogram is the cluster analysis 
method in group similar mass spectrums of all peptide spectrums and intensity of 
peaks. From ClinProTool 2.2 software analysis, dendrogram revealed 5 groups of 
mass spectrums. Group 1 was mass spectrum from healthy subjects. Group 2 and 3 
were precancerous group 1 (PMF from precancerous similar with stage I) and 
precancerous group 2 (peptide patterns from precancerous similar with stage III), 
respectively. Stage I&IIA (mass spectrums from stage II similar with stage I) was the 
sample group 4. Then, the 5 group of dendrogram was generated from stage IIB&III 
(IIB: peptide profiles from stage II similar with stage III).  The mass spectrum of 
individual sample from group 1, 2, 3 and 5 were clustered and showed the shortest 
distance than mass spectrum from group 4. Mass spectrum from group 3 and 5 were 
grouped closer. The clade of stage I&IIA showed the difference clade from the others 
(Figure 22). The dendrogram in each group was shown in appendix B (Figure 25). 

The specimens were pooled based on dendrogram prior to creating 
the database.  PCA from 5 groups of serum (healthy, precancerous group 1, 
precancerous group 2, stage I&IIA and stage IIB&III) were analyzed. PCA score plot of 
spectra of 32 replicates of each group was performed. In this view, the spheres from 
precancerous group 1, precancerous group 2 and stage IIB&III were grouped closer.  
However, all studied groups showed the distinctly separate distribution in this 
dimension, as elucidated by PCA score plot (Figure23). 

 
 
 
 
 
 
 
 
 

 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 22. Dendrogram from the individual mass spectrum. Dendrogram generated from peptide profiles by using the Biotyper 2.0 
software. The profiles were separated into 5 groups:  healthy subject, precancerous group 1, precancerous group 2, stage I&IIA and stage 
IIB&III.

Stage I&IIA 

Precancerous -1 

Healthy 

Precancerous -2 

Stage IIB&III 
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Figure 23. PCA for all spectrums of 5 pooled serum group based on dendrogram. 
The 5 separated clusters show purple (healthy), yellow (precancerous group 1), blue 
(precancerous group 2), green (stage I&IIA) and red sphere (stage IIB&III). Cluster 
analysis exhibited separately distribution among sample groups. 

 
As a result, shown in Figure 24, peptide profiles of individual serum in 

each sample group were matched with the in-house reference mass (pooled serum). 
The inverted blue mass spectrum is the reference peptide profiles. The upper mass 
spectrum was obtained from the representative individual sample. The colors of 
pattern matching result were correlated with the similarity score ranging between 0 
and 3. The score range from 2 to 3 was regarded as the same m/z peaks between 
subjected spectrum and database which displayed in the green color (score value 
2.000-3.000) and yellow color (score value range of 1.700-1.999). The score value 
lower 1.699 and red color mass spectrum were presented the unmatched mass 
spectrum with the database spectrum (133).  In the matching model, the individual 
groups from healthy, precancerous, stage I, stage II and stage III compared with in 
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house database resulted in the score value of all groups were more than 1.700. The 
perfect matching of database is shown in the Figure 24. 

The mass spectrums were used for database generation. The in house 
database was contained mass spectrum of the patients with various stages of cervical 
cancer and healthy subjects. The peptide profiles of patients were compared with 
this in house database. Then, the patients was diagnosed the cervical cancer. 
Therefore, the in house database is a tool for supporting the early detection in 
cervical cancer.  As results from Biotyper 2.0 software, PMF of each individual sample 
were calculated for comparing with the referenced mass spectrum. The numbers of 
matching between individual and reference mass spectrum were counted for 
sensitivity and specificity calculation. Sensitivity is the probability of matching 
number between individual and database group. Specificity is the percentage which 
the number mass spectrums from other group were showed the unmatched results. 
The sensitivity and specificity in each group of sample were shown in Table 10. In 
this experiment, the sensitivity and specificity with the database were 16.69-84.21% 
and 77.19-98.68%, respectively. The sensitivity and specificity of databases were 
shown in the Table 10. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 
  

Figure 24.  Comparison of the peptide profiles obtained from individual sample with the in-house database by using BioTyper 2.0 
software. The pooled sample in each group was used as the reference spectrums in the database. The 5 selected individual profiles 
were subjected to match with the reference mass spectrum. As result of healthy women (A), patients with precancerous (B), stage I (C), 
II (D) and III (E), the mass spectrum in all group showed high matching score ( the green and yellow color). 
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 Figure 24. (Continued) 
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    Figure 24. (Continued) 
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Figure 24. (Continued) 
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Figure 24. (Continued) 
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Table 10. Sensitivity and specificity values of the in-house database. Five groups of 
samples were used to generate the in-house database by Biotyper 2.0 software. The 
matched number between individual and this database were calculated.  
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Sensitivity Specificity 

Da
ta

ba
se

 

Healthy 84.00 77.19 

Precancerous-1 75.00 93.59 

Precancerous-2 16.67 98.68 

Stage I & II set 1 84.21 98.41 

Stage II set 2 & III 32.14 98.15 
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CHAPTER 4 
 

DISCUSSION 
 

 
Nowadays, the most popular tests for cancer diagnosis are a protein-

based assay to discover cancer-associated peptides. The current use of single 
biomarker such as SCCA for cervical cancer diagnosis is unsuccessful in early phase of 
cancer due to its low expression. Although other molecules including CA19-9, CEA 
and CA125 have been acted as biomarkers in cervical cancer detection, all of these 
proteins have also been utilized in other cancers (23- 34).  It seems likely that no 
early diagnostic biomarkers with high sensitivity and specificity can be applied as a 
routine screening assay. Nowadays, the combined biomarkers could increase 
sensitivity and specificity for the screening test (100). Lately, mass spectrometry-
based peptide profiles as the combination have developed a strategy to replace 
non-specific of single biomarker tests for the early diagnosis of cancer. Peptidomic 
patterns analysis focuses on the patterns of peptide rather than the identification of 
a single relevant biomarker.  

In this study, the ultrafiltration was the first sample preparation 
technique before mass spectrum analysis. In this method, the signal profiles of 
peptide and polymer were detected resulted in false clustering (Figure 10-12). The 
110 Da repeated spectrums of polymer were found in the range of m/z 1000-3000. In 
the range of 3000-5000 Da, which the 43 da repeated polymer were found in sample 
of polymer showed of 3000- 5000 da (Figure 13). In the previous research, the repeat 
mass distribution of the interval 43 Da represented the mass spectrums of 
polyethylene glycol monododecyl ether or PEG (134). Moreover, dihydroxy PEG 
usually shows the polymer spectrum with 110 Da repeat units (135). Commonly, the 
blood collection tube wall composes of many polymers (polyester, polyethylene, 
polypropylene, polyacrylic, polysiloxane, polytetrafluoroethylene, polyvinyl chloride, 
polyacrylonitrile, and polystyrene). Furthermore, tube surfactant structure is 
polyethylene oxide and polypropylene oxide attached with the 
polydimethylsiloxane (136). Further studies have examined whether polyethylene in 
plastic wall and surfactant that may interfere with MALDI-TOF MS peaks. They found 
that surfactant from test tubes may influence the ionization process which generates 
the signal peak in the range of 1000-5000 Da (127). Therefore, the specimen for the 
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MALDI-TOF MS approach should be amount of the blood containing and plastic tube 
without dihydroxy PEG and poly (ethylene glycol) monododecyl ether.  

The reverse phase chromatography or ZipTipC18 was used for 
removing the polymer. The polyethylene glycol is the hydrophobic long chain 
molecules which strongly attach with the stationary phase in ZiptipC18 (137, 138). 
The peptides elutes while some polymer still binds to C18 on the resin (stationary 
phase). The polymer with the high polarity is eluted with low percentage of ACN or 
high proportion of distilled water. On the other hand, the high concentration of ACN 
in the eluted solution is suitable to elute the low polarity of polymer. The sample 
preparation step is an important factor MALDI-TOF MS analysis; therefore, the 
optimal condition is necessary. The fraction chromatographic separation sample to 
matrix ratio was performed to optimize sample preparation by using ZipTipC18 
(Figure 14-16). The 100% ACN was suitable for eluting the peptide from ZiptipC18 
with less amount of polymer.  For the crystallization step, the CHCA matrix 1:5 was 
suitable to ionize the biomolecules. The biomolecules or sample were generated 
the ion when the biomolecules were collision with matrix ions. The matrix ions to 
analysis are small, resulting in a small number of biomolecules were ionized. The 
small number of ion generated low number of peaks and low intensity in the mass 
spectrum. On the other hand, the large number of matrixes induced to generate 
many kinds of biomolecules ions, especially in complexity sample (139).  

The previous studies reported that the use of MALDI-TOF MS and 
SELDI-TOF MS could differentiate the status of healthy subjects from disease. A little 
attention has been paid to signature peptide patterns and the presence of disease. 
For example, 55 signature peptides in primary glomerulonephritis patients specimens 
which were different from m/z 1769, 1898, 1913, 1945, 2491, 2756, 2977, 3389 and 
4752 were significantly correlated with poor kidney function. Plasma peptide at m/z 
8602 and serum peptides at m/z 3242 was increased in endocapillary 
hypercellularity. This peptide profiles can improve the diagnosis and prognosis of this 
glomerular disease (140).  In cancer research, 5 MALDI peaks at 1021, 1467, 8944, 
3149 and 4137 as the peptide patterns used to distinguish the small cell lung cancer 
from healthy subjects (141). For gastric cancer classification, peptides at m/z 2046, 
3179, 1817, 1725 and 1929 were constructed to differentiate patients with gastric 
cancer from healthy controls (142). Moreover, the peptide peaks at 1741 and 4210 
m/z were correlated with gastric cancer when compared with chronic atrophic 
gastritis and healthy subjects (143).  The m/z peak at 2049 and 2305 was higher 
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expressed with pancreatic disease than gastric cancer, chronic gastritis, diabetes 
mellitus, and healthy (144). The differently-expressed peptides peaks in both of 
familial adenomatous polyposis and sporadic colorectal adenomas were detected 
using SELDI- TOF MS. Peak m/z 5640, 3160, 4180 and 4290 were most frequently 
found in patients with FAP adenomas, peaks of 3940 and 3400 m/z were positively 
associated with sporadic colorectal adenomas (145).  In agreement with the previous 
studies, we found different peptide among healthy subjected and patients with 
cancer. Nine differently expression of mass peaks were detected in cervical cancer 
(precancerous, stage I, II and III) and healthy subjected. These peptide peaks include 
1741.72, 3242.10, 1488.72, 2307.55, 2044.73, 1898.01, 3159.09, 4299.40 and 
1466.91Da. Moreover, we found that peak at m/z 1466.91 was significantly 
differentially expressed in cervical cancer. This peak was detected in serum from 
patients with stage III, whereas its intensity was low in healthy and precancerous 
group. Moreover, previous reports showed that 1466 Da peptide was highly 
expressed in cirrhotic with hepatocellular carcinoma compared with cirrhosis patients 
(146). The peak at m/z 1466 was detected in gastric cancer patients with lymph node 
metastasis but absence in gastric cancer without lymph node metastasis and normal 
control sample. The exopeptidases carboxypeptidase Y and P is the enzyme which 
digested myoglobin at the c terminal sequence. Consequently, the mass peaks at 
1465 with sequence DIAA was detected via MALDI-TOF MS (147). Moreover, the 1466 

Da was identified as fibrinogen A with an alanine truncation at N-terminal (degAla-
FPA) with sequence DSGEGDFLAEGGGVR (110).  FPA have many fragments (the peaks 
at 758, 905, 1020, 1077, 1206, 1263, 1350, 1466, 1470, 1626, 5904, and 5917 Da) 
which were generated from the tumor-specific exoprotease activity (125). This data 
supports that the peptidome in serum is amplified by exoprotease activity. Tumor 
cell may provide the unique exoprotease, therefore the peptides in cancer patients 
may differ from the healthy (148, 149).  

Interestingly, peak at 1466.91 may be the digested peptides form 
tumor specific peptides which would be a candidate biomarker in advance stage of 
cancer. Therefore, this peak would be further identified. Use of other MS technique 
such as LC-MS/MS is needed to further identify this peptide sequence peak at m/z 
1466.91. However, the disadvantage of this technique is time-consuming, more 
complicated and expensive (114). Furthermore, electrospray ionization (ESI) 
incorporated with LC-MS/MS produced multiply charged ions resulted in the loss of 
singly charged ions, whereas MALDI generated peptides containing single charged ions 
(101, 103). Thus, use of high-resolution tandem mass spectrometry (MALDI-TOF/TOF) 
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could enable the highly confident identification of peptide sequence analysis. 
Nevertheless, the peptide patterns may have the utility for cervical cancer screening/ 
diagnosis test via generating in house database. 
   The in-house database was created using pooled samples. The 
sensitivity and specificity from the matching score with this database are ranged 
16.67- 84.21% and range 77.19- 98.68%, respectively. The combinations of MALDI-
TOF MS and Biotyper 2.0 software in this study have higher specificity than 
cytological examination from the previous study (8). However, this sensitivity is lower 
than the traditional screening test for cervical cancer as the number of samples per 
group is too small which affects the representation of the analytical group.  

However, our current data is informative and needs to validate the 
signature peptide patterns for screening and diagnostic test of cervical cancer. 
Further studies, the generated databases are required to develop the diagnostic 
model and subsequently proven this model by using a large number of individual 
patients and healthy subjects. Moreover, the use of externally validated samples 
such as patients with other cancer types is required to confirm the specific peptide 
patterns to cervical cancer.  
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CHAPTER 5 
 

CONCLUSION 
 
 

The specific serum peptide profiles of healthy and patients with 
various stages of cervical cancer were exhibited and used to construct the in-house 
database. However, a larger number of individual cervical cancer patients, healthy 
controls and other types of cancer should be recruited to fully explore the reliability 
of the database and use as a diagnostic tool. Taken together, utilization of MALDI 
technology combination with bioinformatics tools could promote the discovery of 
cancer-associated peptides and contribute to better early diagnosis with 
reproducibility, less time consuming, and high throughput. 
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APPENDIX A 
 

REAGENTS FOR EXPERIMENTS 

  

 
 
CTC 

 

    CuSO4 ·5 H2O 0.1 g  

    Tatalic acid 0.2 g  
    dH2O 50 ml  

20% Na2CO3 
 

    Na2CO3 10 g  
    dH2O 50 ml  

0.8 N NaOH 
 

    NaOH 1.6 g  
    dH2O 50 ml  

5% SDS 
 

    SDS 2.5 g  
    dH2O 50 ml  

Lowry reagent A 
 

    CTC 5 ml 
    20% Na2CO3 5 ml 
    0.8 N NaOH 10 ml 
    5% SDS 20 ml 

Lowry reagent B 
 

    Folin-Ciocalteu phenol reagent 1 ml 
    dH2O 5 ml 

CHCA matrix solution 
 

    CHCA 10 mg 
    Organic solvent (0.1%TFA/100%ACN (ratio 1:1)) 1 ml 
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APPENDIX B 
 

RESULTS 
 
 
 The individual cases were obtained from the Songklanakarin hospital. 
The samples are divided into 5 groups (healthy subjects, cervical cancer patients with 
precancerous, stage I, II and III). The individual cases were pooled for optimizing 
experimental phase and creating the database as shown in Table 11-14. 
 

Table 11. Individual cases for pooled stage serum (optimal condition phase). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Case Age Case Age Case Age Case Age

1 NC42 36 CCA2 43 CCA7 50 CCA13 39

2 NC43 42 CCA43 40 CCA14 45 CCA26 38

3 NC44 35 CCA59 47 CCA27 46 CCA36 46

4 NC45 49 CCA77 53 CCA34 50 CCA56 50

5 NC47 33 CCA89 35 CCA78 52 CCA60 39

6 NC49 42 CCA97 48 CCA81 32 CCA87 44

7 NC50 50 CCA119 38 CCA98 51 CCA113 34

8 NC51 37 CCA121 36 CCA103 35 CCA127 38

9 NC53 35 CCA122 51 CCA129 34 CCA135 49

10 NC54 53 CCA167 36 CCA130 33 CCA137 56

11 NC55 51 CCA191 30 CCA131 54 CCA142 61

12 NC56 43 CCA194 54 CCA139 44 CCA146 58

13 NC61 31 CCA201 32 CCA169 42 CCA170 40

14 NC63 34 CCA9 36 CCA172 51 CCA205 52

15 NC64 33 CCA10 56 CCA177 38 CCA206 32

16 NC65 35 CCA23 32 CCA19 58 CCA120 52

17 NC66 31 CCA29 49 CCA21 32

18 NC67 42 CCA33 59 CCA40 53

19 NC68 44 CCA38 49 CCA53 37

20 NC71 43 CCA61 35 CCA71 65

21 NC72 43 CCA63 48 CCA72 47

22 NC73 46 CCA65 44 CCA74 33

23 NC74 49 CCA91 35 CCA82 57

24 NC75 40 CCA95 36 CCA101 34

25 NC76 34 CCA140 54 CCA141 45

26 NC78 60 CCA145 57 CCA149 31

27 NC79 43 CCA90 61 CCA173 42

28 NC83 42 CCA158 51 CCA186 43

29 NC84 35 CCA160 41 CCA189 56

30 NC86 56 CCA164 45 CCA163 61

average 42 average 44 average 45 average 46

max 60 max 61 max 65 max 61

min 31 min 30 min 31 min 32

mode 42 mode 36 mode 50 mode 39

median 42 median 44 median 45 median 45

SD 7.65 SD 9.14 SD 9.67 SD 8.82

No.
Healthy CIN Early late
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Table 12. Individual cases for pooled stage serum (experimental phase: training  

dataset). 
 

Case Age Case Age Case Age Case Age Case Age

1 NC42 36 CCA2 43 CCA7 50 CCA19 58 CCA13 39

2 NC43 42 CCA43 40 CCA14 45 CCA21 32 CCA26 38

3 NC44 35 CCA59 47 CCA27 46 CCA40 53 CCA36 46

4 NC45 49 CCA77 53 CCA34 50 CCA53 37 CCA56 50

5 NC47 33 CCA89 35 CCA78 52 CCA71 65 CCA60 39

6 NC49 42 CCA97 48 CCA81 32 CCA72 47 CCA87 44

7 NC50 50 CCA119 38 CCA98 51 CCA74 33 CCA113 34

8 NC51 37 CCA121 36 CCA103 35 CCA82 57 CCA127 38

9 NC53 35 CCA122 51 CCA129 34 CCA101 34 CCA135 49

10 NC54 53 CCA167 36 CCA130 33 CCA141 45 CCA137 56

11 NC55 51 CCA191 30 CCA131 54 CCA149 31 CCA142 61

12 NC56 43 CCA194 54 CCA139 44 CCA173 42 CCA146 58

13 NC61 31 CCA201 32 CCA169 42 CCA186 43 CCA170 40

14 NC63 34 CCA9 36 CCA172 51 CCA189 56 CCA205 52

15 NC64 33 CCA10 56 CCA177 38 CCA163 61 CCA206 32

16 NC65 35 CCA23 32

17 NC66 31 CCA29 49

18 NC67 42 CCA33 59

19 NC68 44 CCA38 49

20 NC71 43 CCA61 35

21 NC72 43 CCA63 48

22 NC73 46 CCA65 44

23 NC74 49 CCA91 35

24 NC75 40 CCA95 36

25 NC76 34 CCA140 54

26 NC78 60 CCA145 57

27 NC79 43 CCA90 61

28 NC83 42 CCA158 51

29 NC84 35 CCA160 41

30 NC86 56 CCA164 45

average 42 average 44 average 44 average 46 average 45

max 60 max 61 max 54 max 65 max 61

min 31 min 30 min 32 min 31 min 32

mode 42 mode 36 mode 50 mode - mode 39

median 42 median 44 median 45 median 45 median 44

SD 7.65 SD 9.14 SD 7.67 SD 11.47 SD 8.96

No.
Healthy CIN Stage I Stage II Stage III
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Table 13. Individual cases for pooled stage serum (experimental phase: validation  

dataset). 
 

Case Age Code Age Code Age Code Age Code Age

1 NC46 50 CCA66 36 CCA57 32 CCA168 61 CCA1 56

2 NC48 32 CCA111 40 CCA70 34 CCA4 50 CCA3 43

3 NC52 55 CCA138 37 CCA108 43 CCA8 49 CCA5 45

4 NC57 46 CCA202 54 CCA150 59 CCA12 45 CCA11 48

5 NC58 43 CCA6 45 CCA174 48 CCA15 58 CCA16 55

6 NC59 58 CCA30 30 CCA175 44 CCA22 49 CCA18 55

7 NC69 50 CCA31 55 CCA42 59 CCA25 52 CCA32 57

8 NC70 50 CCA45 33 CCA69 65 CCA35 58 CCA41 63

9 NC77 47 CCA76 43 CCA152 57 CCA37 48 CCA110 50

10 NC82 55 CCA92 48 CCA48 44 CCA155 57

11 NC85 45 CCA100 30 CCA49 50 CCA171 47

12 NC87 59 CCA102 56 CCA55 54 CCA196 49

13 NC88 48 CCA114 48 CCA86 54

14 NC89 35 CCA115 35 CCA93 60

15 NC90 41 CCA125 61 CCA117 50

16 NC91 30 CCA136 56 CCA134 49

17 NC92 33 CCA162 51 CCA147 58

18 NC93 40 CCA183 49 CCA181 57

19 NC94 40 CCA188 33 CCA182 44

20 NC95 32 CCA193 41 CCA195 39

21 NC96 44 CCA204 49 CCA197 57

22 NC97 41 CCA203 57

23 NC98 33

24 NC99 30

25 NC100 35

26 NC101 43

27 NC102 34

28 NC103 38

29 NC104 39

30 NC105 49

31 NC106 53

32 NC107 35

33 NC108 44

34 NC110 38

35 NC111 39

36 NC112 42

37 NC113 36

38 NC114 52

39 NC115 39

40 NC116 57

41 NC117 30

42 NC118 34

43 NC119 36

44 NC120 31

45 NC121 32

46 NC122 41

47 NC123 48

48 NC124 38

49 NC125 44

50 NC126 33

51 NC127 38

52 NC128 41

53 NC129 46

average 42 average 44 average 49 average 52 average 52

max 59 max 61 max 65 max 61 max 63

min 30 min 30 min 32 min 39 min 43

mode 41 mode 30 mode 59 mode 50 mode 55

median 41 median 45 median 48 median 51 median 52.5

SD 7.91 SD 9.44 SD 11.70 SD 5.92 SD 5.95

No.
Healthy CIN Stage I Stage II Stage III

 



 
 

 

Table 14. Individual cases for pooled stage serum (database generation) 

 
Age Age Stage Histology Age stage histology Age stage histology Age stage histology

1 NC 42 36 CCA 29 49 HSIL Adenosquamous carcinoma CCA 23 32 HSIL Squamous cell carcinoma CCA 4 50 IIB Squamous cell carcinoma CCA 1 56 IIIB Squamous cell carcinoma

2 NC 43 42 CCA 89 35 LSIL Squamous cell carcinoma CCA 77 53 LSIL Squamous cell carcinoma CCA 8 49 IIB Squamous cell carcinoma CCA 5 45 IIIB Squamous cell carcinoma

3 NC 48 32 CCA 119 38 LSIL Squamous cell carcinoma CCA 100 30 HSIL Squamous cell carcinoma CCA 22 49 IIB Squamous cell carcinoma CCA 12 45 IIB -

4 NC 56 43 CCA 121 36 LSIL Squamous cell carcinoma CCA 114 48 HSIL Squamous cell carcinoma CCA 25 52 IIB Adenosquamous carcinoma CCA 16 55 IIIB Squamous cell carcinoma

5 NC 64 33 CCA 122 51 LSIL Squamous cell carcinoma CCA 27 46 IB Squamous cell carcinoma CCA 32 57 IIIB Squamous cell carcinoma

6 NC 65 35 CCA 204 49 HSIL Adenosquamous  carcinoma CCA 34 50 IA Squamous cell carcinoma CCA 36 46 IIIB Squamous cell carcinoma

7 NC 66 31 CCA 37 48 IIB Squamous cell carcinoma CCA 40 53 IIB Squamous cell carcinoma

8 NC 74 49 CCA 49 50 IIB Squamous cell carcinoma CCA 60 39 IIIB Adenosquamous carcinoma

9 NC 75 40 CCA 55 54 IIB Squamous cell carcinoma CCA 72 47 IIB Squamous cell carcinoma

10 NC 82 55 CCA 71 65 IIB Squamous cell carcinoma CCA 82 57 IIB Squamous cell carcinoma

11 NC 83 42 CCA 81 32 IA Adenocarcinoma CCA 86 54 IIB Squamous cell carcinoma

12 NC 89 35 CCA 117 50 IIB Squamous cell carcinoma CCA 93 60 IIB Adenosquamous carcinoma

13 NC 99 30 CCA 130 33 IB Squamous cell carcinoma CCA 134 49 IIB Squamous cell carcinoma

14 NC 100 35 CCA 131 54 IA Adenosquamous carcinoma CCA 149 31 IIB -

15 NC 101 43 CCA 108 43 IA Squamous cell carcinoma CCA 155 57 IIIB Squamous cell carcinoma

16 NC 106 53 CCA 150 59 IA Adenosquamous carcinoma CCA 163 61 IIA Squamous cell carcinoma

17 NC 108 44 CCA 152 57 IB Squamous cell carcinoma CCA 171 47 IIIB Adenocarcinoma

18 NC 110 38 CCA 168 61 IIA Squamous cell carcinoma CCA 173 42 IIB -

19 NC 115 39 CCA 174 48 IA Squamous cell carcinoma CCA 181 57 IIB -

20 NC 116 57 CCA 195 39 IIB Squamous cell carcinoma

21 NC 122 41 CCA 196 49 IIIB Squamous cell carcinoma

22 NC 124 38 CCA 197 57 IIB Squamous cell carcinoma

23 NC 126 33 CCA 206 32 IIIB Squamous cell carcinoma

24 NC 127 38

25 NC 128 41

average 40 average 40 LSIL 3 average 44 LSIL 2 average 50 IA 6 average 49 IIA 1

max 57 max 49 HSIL 1 max 53 HSIL 4 max 65 IB 3 max 61 IIB 12

min 30 min 35 Adeno 0 min 30 Adeno 0 min 32 IIA 1 min 31 IIIA 0

mode 35 mode - AdenoSCCA 1 mode - AdenoSCCA 1 mode 50 IIB 9 mode 57 IIIB 10

median 39 median 37 SCCA 3 median 48.5 SCCA 5 median 50 Adeno 1 median 49 Adeno 1

SD 7.23 SD 6.45 SD 10.11 SD 8.16 AdenoSCCA 3 SD 8.58 AdenoSCCA 2

count 25 count 4 count 6 count 19 SCCA 15 count 23 SCCA 16

Case number

Group 3 (Precancerous set 2) Group 4 (Stage I & II set 1) Group 4 (Stage II set 2 & III)

Case number Case number
No.

Group 1 (Healthy subjects) Group 2 (Precancerous set 1)

Case number Case number
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Figure 25. Dendrogram of each investigation group (healthy, precancerous group1, precancerous group 2, stage I&II and stage II& III) were 
shown in Figure 25 A-E, respectively. 
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Figure 25. (Continued) 
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