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ABSTRACT 

 

Aim: we conducted our study to detect (TFPI-2) Gene Mutation in Sudanese Pediatric Patients with 

leukemia.  

Materials & Methods: This study is a prospective analytical case control study was conducted to 

detect (TFPI-2) gene mutation in 98 Sudanese pediatric patients with leukemia; the population 

comprises all male and female pediatric patients, during the period of collection (2014-2015) admitted 

in Khartoum Radiation and Isotopes Centre (RIC), 97 individual pediatric (0 - 15 years) male and 

female apparently healthy from primary, Kindergartens and nurseries schools are selected as control 

group. 

Results: Males comprised 52 (53.1%) while females are 46 (46.9%). The case group in our study was 

divided into three subgroups based on type of leukemia ALL, AML and CML. The frequency of ALL 

was 81 (82.7%), AML 12 (12.2%) and CML 5 (5.1%). TFPI-II gene detected in all samples, there 

were 14 (14.3%) in the patients group have mutation, 10 (71.4%) out of them were Homozygous and 

4 (28.6 %) were Heterozygous. There is insignificant correlation between the patients which TFPI-II 

gene mutation have and other patients (p=0.635).  

Conclusion: We concluded that ALL is the most common among Sudanese children and no strong 

association with TFPI-2 gene polymorphism and Sudanese pediatric patients with leukemia 

(p=0.635). Only 14.3% of Sudanese pediatric patients with leukemia have TFPI-II gene mutation. 
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INTRODUCTION  

Human tissue factor pathway 

inhibitor-2 (TFPI-2) is an extracellular 

matrix-associated Kunitz-type serine 

proteinase inhibitor that inhibits the 

plasmin- and trypsin-mediated activation of 

matrix metalloproteinases and inhibits 

tumor progression, invasion and metastasis. 

Previous studies have shown that TFPI-2 is 

down regulated in the progression of various 

tumors. 
[1]

 

Cancer in children less than 15 years 

old constituted about, 486 case 7% of the 

cancer cases recorded by the NCR. In 

Khartoum State, the most common cancer in 

children were leukemia, lymphoma, and 

cancer of the eye, bone, kidney, brain, 

breast, oral, liver, and stomach. Lymphomas 

were mostly non-Hodgkin's lymphoma and 

eye tumors were mostly retinoblastoma. 
[2]

  

Several studies approved that there 

strong relation between TFPI 2 and many 

types of cancers, includes glioma, 
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choriocarcinoma, pancreatic carcinoma, 

lung carcinoma, breast cancer, melanoma, 

lymphoma and leukemia through Epigenetic 

changes resulting in transcriptional silencing 

of cancer genes, Methylation, down 

regulation or over expression of TFPI-2. 
[3,4] 

No study has yet demonstrated the Tissue 

factor pathway inhibitor-2 (TFPI-2) gene 

mutation in Sudanese pediatric patients with 

leukaemia 

 

MATERIALS AND METHODS 

This study is a prospective analytical 

case control study was conducted to detect 

(TFPI-2) gene mutation in 98 Sudanese 

pediatric patients with leukemia; the 

population comprises all male and female 

pediatric patients, during the period of 

collection (2014-2015) admitted in 

Khartoum Radiation and Isotopes Centre 

(RIC), 97 individual pediatric (0-15 years) 

male and female apparently healthy from 

primary, Kindergartens and nurseries 

schools are selected as control group. 

 

Inclusion criteria 

Sudanese Individuals of both sex 

aged less than 15 years with leukaemia 

admitted in Khartoum Radiation and 

Isotopes Centre (RIC). 

Exclusion Criteria 

 Cured Patients. 

 Patient with known history of 

coagulation disorder 

 Inadequate, clot or hemolysed 

samples. 

 

Methods 

Blood collection and RNA extraction 

Five ml venous blood was collected 

from each participant into EDTA tubes after 

consent obtained from each participant. 

Leukocytes will be prepared from peripheral 

blood samples after the addition of 

erythrocytes lysis buffer (150mM NH4Cl, 

1mM KHCO3 and 0.1mM EDTA) (pH 7.3). 

Total RNA will be extracted from 

mononuclear cells by TRIzol reagent 

(Invetrogen, California. USA). 

 

cDNA synthesis 

For cDNA synthesis, 5µl of total 

RNA will be reversely transcribed in a 

reaction mixture containing (Reverse 

Transcriptase (RT) buffer: 20 mMTrisHCl, 

50 mMKCl, pH 8.3; 5mM MgCl2, 10 mM 

DTT, 5mM random hexamers, 20 units 

RNAase inhibitor, 10 units RT enzyme, 

1mM dNTP and H2O to a total volume of 

20 µl) at 42°C for 60 minutes. RT enzyme 

will be denatured by incubating the reaction 

at 99°C for 5 minutes. 

RT-PCR 

Primers specific for the (TFPI-2) 

will be used to amplify the cDNA as follows 

A 450 bp fragment of the full-length TFPI-2 

coding sequence was amplified from 

primers 

5`-GGGGTACCG CTT TCT CGG 

ACG CCT TG-3` (for-ward) and 5`-CGG 

GAT CCT GAT TTG TTT CCTCAT GCT 

GTC-3` (reverse) 

For the first round of nested PCR, 

3µl of cDNA product will be amplified in a 

reaction mixture containing 0.2mM dNTP 

mix, 1.9μM MgCl2, 0.5u Taq polymerase, 

1X PCR buffer, 0.5 mM of each primer and 

H2O to 25 µl. the PCR cycling condition 

will be 94°C for 30s, 64°C for 60s, 72 °C 

for 60s for 35 cycle and 72°C for 10 

minutes final extension . For the second 

round of nested PCR, 1µl aliquot of the first 

round of nested PCR product will be 

amplified with specific primers using the 

same PCR reaction mixture and the PCR 

cycling condition of the first round of nested 

PCR. 

 

Restriction fragment length 

polymorphism (RFLP) analysis of the 

TFPI-II 

PCR was carried out according to 

the above protocols, using mismatched 

primers as shown. Having checked PCR 

products by running 5ul on 1% agarose gel, 

they were incubated over night with 1.5 U 

of Mae III (Boehringer Mannheim) at 55 oC 

in a total volume of 20ul. After loading the 

samples on 2.5% agarose gel, products were 

analyzed under UV-light. The designed 
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mismatched primer creates a cutting site at 

the position of GTNAC which can be 

recognized by Mae III endonuclease. The 

normal TFPI-II (237 bp fragment) was cut 

in to three smaller fragments of 145, 64 and 

26 bp. In the presence of mutation (G:A 

transition in exon the fragment was cut into 

two smaller fragments of 171 and 64 bp 

owing to the absence of the GTNAC cutting 

site in the mutant TFPII . Finally, in the case 

of heterozygous DNA, There were four 

fragments of 171, 145, 64 and 26 bp. 

Data analysis 

Data were entered and analyzed by 

SPSS programme (version: 17.0). All 

demographic data of the study population 

were presented as mean and SD in the text 

and P. value was used for detecting the 

power of relationship between the 

determinant and the outcome and 95% 

confidence interval was calculated Data 

were analyzed using the Chi-square test for 

comparison the prevalence of TFPI-2 gene 

mutation between patients and controls (The 

test considered significant when P. 

value<0.05) 

Ethical clearance 

Before collection of data and 

samples from humans, must be need to 

obtain Research Ethics Approval from the 

Ethics Committee before starting the 

research. 

All patients were requested verbally 

and had completed an informed consent.  

 

RESULTS  

The participants included 200 

Children aged 0 - 15 years. 100 Out of 

them, was already diagnosed with leukemia 

and 100 healthy Children as control. Two 

samples are excluded from patient's samples 

and 3 samples from control samples because 

either of insufficiency or clotted samples.  

Males comprised 52(53.1%) while 

females are 46(46.9%) with mean age for all 

9.03 years and SD 4.058 were in the control 

group Gender wise males are 53 (54.6%) 

and females are 53 (45.4%) with mean age 

for all 8.08 years and SD 4.033 

The case group in our study was 

divided into three subgroups based on type 

of leukemia ALL, AML and CML. The 

frequency of ALL was 81 (82.7%), AML 12 

(12.2%) and CML 5 (5.1%). (Table 2) 

TFPI-II gene detected in all samples, there 

were 14 (14.3%) in the patients group have 

mutation, 10 (71.4 %) out of them were 

Homozygous and 4 (28.6 %) were 

Heterozygous. No participant among control 

group (0%) had TFPI-II gene mutation. 

(Table 3) There is insignificant correlation 

between the patients which TFPI-II gene 

mutation have and other patients (p=0.635). 

(Table 5) 

 
Table (1): shows gender distribution in case and control 

group 

 
Table (2): shows type Frequency of leukemia in the Case 

group 

Case group Frequency Percent 

ALL 81 82.7 % 

AML 12 12.2 % 

CML 5 5.1 % 

Total 98 100 % 

 

Table (3): Shows Frequency& Percent of TFPI-II gene 

mutation in the Case & Control groups 

TFPI-II  

gene 

Case Control 

Frequency Percent Frequency Percent 

Without 

mutation 

84 85.7 % 97 100% 

With 

Mutation 

14 14.3 % 0 0 % 

Total 98 100 % 97 100 % 

 

Table (4): Shows Frequency and Percentage of TFPI-2 

gene mutation type 

TFPI-2 gene mutation Frequency Percent 

Homozygous mutation 10 71.4 % 

Heterozygous mutation 4 28.6 % 

Total 14 100 % 

 
Table (5): Shows TFPI-2 gene mutation significance in the 

patient group  

Sig. Total Patient with  

Mutation 

Normal  

Patient 

Case group 

 

0.635 

81 12 69 ALL 

12 2 10 AML 

5 0 5 CML 

94 14 84 Total 

 

Sex Frequency Percent 

Test group Male 52 53.1 % 

Female 46 46.9 % 

Total 98 100 % 

Control group Male 53 54.6 % 

Female 53 45.4 % 

Total 97 100 % 
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Figure (1) Shows gender distribution in case and control group 

 

 
Figure (2) ShowsTFPI-2 gene mutation by RFLP in the case 

and control group 

 
Figure (3) Shows types of leukemia in patient group 

 

 
Figure (4) Shows TFPI-2 gene mutation Percentage 

 

 
Fig (5) Control Result for TFPI-II restriction fragment length polymorphism (RFLP) analysis: 

1 - Negative Control. 2 - TFPII Negative Sample., 3 - 100pb DNA Marker., 4- 4 To 7- positive sample for TFPII., 5- 8 To 11 - negative 

sample for TFPII. 
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Figure (6) Patient Result for TFPI-II restriction fragment length polymorphism (RFLP) analysis 

 

Restriction fragment length analysis 

of the TFPII polymorphism using Mae III 

(lanes numbered from left to right). The 

normal TFPII is digested into three 

fragments of 145, 64 and 26 bp (lanes 4, 6). 

Presence of homozygous TFPII 

polymorphism gives rise to two fragments 

of 171 and 64 bp (lanes 1±3), and in the 

case of heterozygous DNA, there are 4 

fragments of 171, 145, 64 and 26 bp (lanes 

7±10).  

 

DISCUSSION  

Some studies proved that TFPI-

2 might be considering as a putative tumor 

suppressor gene in nasopharyngeal 

carcinoma NPC
 [5] 

and other studies 

concluded that TFPI-2 promoter 

methylation might be considered as 

prognostic marker in glioblastoma. 
[6]

 

And other study stated that a 

possibility of TFPI-2 may have therapeutic 

value in the treatment of malignant 

esophageal carcinoma, 
[7]

 and also 

methylation-specific polymerase chain 

reaction (qMSP) for TFPI 2 could be used 

as a marker in cancer screening method. 
[8] 

All these studies focusing in 

epigenetic changes to TFPI2 in patient with 

malignancy and proved that there is strong 

correlation between them, but in the level of 

gene mutation there is one study which 

stated that there is one apparent linkage, 

disequilibrium among single nucleotide 

polymorphisms (SNPs) of TFPI-2 gene in 

coronary heart disease CHD patients. 
[9]

 

In our study we detect Tissue Factor 

Pathway Inhibitor-2 (TFPI-2) Gene 

Mutation in Sudanese Pediatric Patients 

with leukemia. The frequency of ALL was 

81 (82.7%), AML 12 (12.2%) and CML 5 

(5.1%), this was supported by a study done 

by Coebergh, et al. 2006, 
[10]

 who reported 

from the Automated Childhood Cancer 

Information System project, that in Europe, 

acute lymphoblastic leukaemia (ALL) 

accounts for around 80% of leukaemia 

among children aged 0 - 14 years. There is 

no significant different between case and 

control group in the age (P value 0.1027). 

Reverse transcriptase polymerase 

chain reaction followed by Restriction 

fragment length polymorphism /RFLP) 

electrophoresis analysis for the TFPI-II was 

done.  

TFPI-II gene detected in all samples, 

the prevalence of TFPI-2 gene mutation was 

tested and calculated in both case and 

control groups. The presence of TFPI-2 

gene mutation was higher among cases 

group compared to the controls group. The 

prevalence of the mutation among case 
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group was 14 (14.3%) of the patients 10 of 

them Homozygous and 4 were 

Heterozygous. No participant (0%) has 

TFPI-II gene mutation among control group. 

We did not found a strong 

association with TFPI-2 gene polymorphism 

and Sudanese pediatric patients with 

leukemia, there is insignificant correlation 

between the patients with TFPI-II gene 

mutation (p=0.635) and other patients. 

TFPI-2 gene located on long arm of 

chromosome 7 (7q22), our result may be 

due to complete or partial deletion of 

chromosome 7, this justification agree with 

Heerema, et al. 2004 
[11]

 who 

examined Complete or partial loss of 

chromosome 7, predominantly monosomy 7 

or deletions of 7q, is associated with a 

variety of myeloid disorders, including 

acute myelogenous leukemia (AML) in 

children. It has been hypothesized that there 

is a tumor suppressor gene (TSG) on 

chromosome arm 7q that contributes to the 

pathogenesis of these diseases, and several 

chromosomal bands have been identified 

that contain commonly deleted segments, 

including 7q22 regions, he examined the 

frequency and prognostic significance of 

losses and deletions of chromosome 7 in a 

large cohort studied of children with ALL. 

Loss of all or part of chromosome 7 was 

found in 75 of 1880 (4%) patients. 

Losses involving chromosome 7 are 

relatively frequent in childhood ALL. 

Deletions of 7p confer an inferior outcome 

in children with ALL, regardless of the 

presence of other poor prognostic features, 

whereas deletions of 7q are not associated 

with a worse outcome. 

Our justification also supported by. 

Saito, et al. 2005, 
[12]

 and Sell, et al. 2004 
[13]

 who conclude that Several highly 

aggressive cancers delete the locus for the 

TFPI-2 gene in chromosome 7q region, 

which results in a complete lack of TFPI-2 

protein expression in these cells. 

Russo C, et al. 1991 
[14]

 found in 57 

Philadelphia chromosome-positive (Ph1) 

ALL cases (23%) were also found to have 

partial or complete monosomy 7 (-7). This 

subgroup of children with Ph1/-7 ALL was 

comprised primarily of older males with 

early B-lineage ALL.  

Dong 2001 
[15] 

stated in his study 

that TFPI-2 transcription could be regulated 

by polymorphisms in the promoter sequence 

affecting transcription factor binding sites 

and absence of TFPI-2 expression can also 

occur through deletion of the chromosomal 

region 7q22, as in prostate cancer. 

 

CONCLUSION 

We concluded that ALL is the most 

common among Sudanese children and no 

strong association with TFPI-2 gene 

polymorphism and Sudanese pediatric 

patients with leukemia (p=0.635). Only 

14.3% of Sudanese pediatric patients with 

leukemia have TFPI-II gene mutation. 
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