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Assessment of fragile histidine triad 
(FHIT) gene expression as a predictive 
biomarker of therapeutic response in 
chronic myeloid leukemia
Noor Hashim Ismail, Amal Mohamed Ali1, Asmaa Amer Almukhtar1

Abstract:
BACKGROUND: The accumulation of other abnormalities in both genetic and epigenetic pathways, 
in addition to the BCR‑ABL1 oncoprotein, affects the overall clinical consequences of chronic myeloid 
leukemia (CML), including treatment responsiveness.
OBJECTIVES: This study investigated the expression levels of fragile histidine triad (FHIT) gene 
among patients with CML and evaluated its association with the response of patients to imatinib 
mesylate treatment.
PATIENTS AND METHODS: Samples of blood were provided from sixty CML patients: Thirty 
responsive and thirty nonresponsive patients to imatinib mesylate treatment, as well as sixty healthy 
controls matched for age and sex were provided blood samples. The FHIT gene expression was 
estimated using reverse transcription quantitative polymerase chain reaction.
RESULTS: The results indicated that FHIT gene expression was significantly lower in CML patients 
than in the controls (P < 0.001). Compared to the responsive CML patients, the nonresponsive CML 
patients presented a significantly decreased level of FHIT gene expression (P < 0.001). A significant 
increase in FHIT gene expression was found at a cut‑off value of more than 0.0578 for distinguishing 
responsive from nonresponsive CML patients, as shown by receiver operating characteristic analysis, 
with 97% sensitivity and 72.4% specificity.
CONCLUSIONS: Reduced FHIT gene expression was associated with CML and with changes in 
hematopoietic patterns observed in the studied patients. Variations in FHIT expression were noted 
between responsive and nonresponsive patients, indicating a potential association with treatment 
response, suggesting that FHIT expression may have value as a complementary predictive biomarker 
for imatinib mesylate responsiveness, although further validation is required.
Keywords:
Chronic myeloid leukemia, fragile histidine triad gene expression, imatinib mesylate, treatment 
response

Introduction

Leukemia ranked the seventh most 
prevalent cancer in Iraq in 2023, with 

an overall age‑specific rate of 6 per 100,000 
people, and Iraqis, fifth most prevalent 
cause of cancer‑related mortality.[1] Chronic 

myeloid leukemia  (CML) represents a 
malignant disorder affecting hematopoietic 
stem cells with a high incidence rate in 
adults and is characterized by accelerated 
generation of new myeloid blast cells and 
a reduced rate of apoptosis.[2] This occurs 
alongside a range of symptoms, including 
anemia, fatigue, leukocytosis, splenomegaly, 
thrombocytosis, and basophilia. The 
disease primarily originates from a genetic 
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abnormality related to the Philadelphia chromosome due 
to a chromosomal translocation comprising long arms of 
chromosomes 9 and 22, specifically t (9;22) (q34;q11.2), 
resulting in fusion between BCR and ABL1 genes, 
forming the path‑oncogenic driver BCR‑ABL1, which 
functions as the persistently active tyrosine kinase 
implicated in CML and serves as a goal for tyrosine 
kinase inhibitors  (TKIs).[3,4] This disease is defined as 
a triphasic disorder: Chronic phase  (CP), accelerated 
phase (AP) and blastic phase.  Approximately 85% to 90% 
of patients exhibit a stable phase, the rest, meanwhile, 
are either in an AP or going through blast crisis. In the 
absence of therapy, the CP of the disease will ultimately 
progress to either AP or blast crisis. However, TKIs have 
been shown to significantly reduce the rate at which the 
disease progresses to the blast crisis stage.[5] In the context 
of cancer, such as leukemia, the mechanisms of therapy 
resistance may be associated with both genetic and 
epigenetic alterations.[6] Resistance mechanisms to TKIs 
in CML are often classified into BCR‑ABL1‑dependent 
and BCR‑ABL1‑independent pathways. Alongside 
BCR‑ABL1 alterations and overexpression, various 
pathways are associated with resistance to TKIs. 
These include anomalous drug transporter activity, 
alternative signaling pathway activation, genomic 
instability, leukemia stem cells persistence, immune 
system malfunction, and impaired epigenetic regulatory 
mechanisms.[7] Common chromosomal fragile sites refer 
to genomic regions characterized by susceptibility to 
breakage, rearrangement, and an increased probability 
of recombination.[8] The fragile histidine triad  (FHIT) 
gene, a large gene located on FRA3B, one of the frequent 
chromosomal fragile loci, on chromosome 3p14.2, 
functions as a tumor suppressor gene that is disrupted in 
several forms of cancer; however, the exact mechanism 
by which FHIT suppresses tumors is not completely 
understood.[8]

The concept emerged from the observation of common 
abnormalities in these loci within tumor cells, 
indicating their possible role in cancer development. 
FRA3B is one of the most common chromosomal 
fragile loci and contains FHIT gene, which serves 
as a tumor suppressor implicated in numerous 
cancers. Its activity is frequently altered by genetic 
and epigenetic modifications, such as deletions, 
translocations, and promoter methylation, which often 
lead to diminished expression of the FHIT protein 
in many types of cancer.[9-11] Studies indicated that 
FHIT frequently downregulated in hematological 
malignancies, including CML compared to normal 
hematopoietic cells, and may be associated with 
disease progression, poorer prognosis, and resistance 
to therapy.[12-19] FHIT has been demonstrated to inhibit 
tumor development through the initiation of apoptosis 
and the inhibition of cellular growth.[20,21]

This study aims to assess the association between FHIT 
mRNA gene expression and the progression of CML, 
along with the treatment response of CML patients to 
imatinib mesylate treatment, a first‑generation TKI.

Patients, Materials, and Methods

Ethical approval
This research was executed in conformity with the ethical 
rules stated in the Declaration of Helsinki. The approval 
of this research protocol from our institution’s scientific 
committee carried out in accordance with ethical 
standards approved according to document no. 1 dated 
January 15, 2023. The study was conducted following the 
acquisition of verbal and written informed consent from 
patients, after which samples and clinical information 
were collected during the period from January 2023 to 
December 2023.

Study subjects
A total of sixty CML patients receiving imatinib mesylate 
treatment for at least 1  year as a first‑line therapy, 
comprising: 30 responsive  (taken 400  mg/day of 
imatinib) and 30 nonresponsive to therapy (20 patients 
taken 400 mg/day of imatinib and 10 patients taken 600 
or 800 mg/day), were included. These patients were in 
the CP and selected on the basis of molecular (BCR‑ABL% 
international scale) and hematological response criteria 
retrieved from their records, as stated according to the 
European Leukemia Net 2023 criteria,[22] and collected 
from Mustansiriyah University/The National Center 
of Hematology research and treatment. In addition, 
sixty healthy subjects, matched for sex and age, were 
assigned as to the control group; their complete blood 
counts (CBCs) were within normal ranges and had no 
history of hematologic disorders. Five milliliters of 
peripheral blood were collected from each participant, 
including both patients and controls, and divided into 
two tubes containing K3EDTA  (2  ml each): One tube 
was used for CBC analysis, and the other was used for 
the extraction of the total RNA to evaluate FHIT gene 
expression.

Extraction of total RNA with subsequent cDNA 
synthesis
Extraction of complete RNA has been performed 
by combining 0.25  ml of k3EDTA‑treated blood and 
0.75  ml of TransZol Up reagent  (TransGen Biotech 
Co., China) according to the manufacturer’s protocol 
with some modifications that focus on the use of cold 
reagents throughout  (chloroform, isopropanol, and 
ethanol were precooled before use), and extended‑low 
temperature incubation steps, in addition to the use of 
cooled centrifuge, intended to enhance RNA yield and 
stability. The NanoDrop spectrophotometer (Quawell, 
USA) was utilized for the assessment of purity as well 
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as the quantity of the purified RNA. The cDNA has 
been produced via reverse transcription of total RNA 
employing the EasyScript® One‑Step gDNA Removal 
and cDNA Synthesis SuperMix Kit (TransGen Biotech 
Co., China) using both random hexamer and Oligo dT 
primers. The execution of this process complied strictly 
with the manufacturer’s directions.

Assessment of fragile histidine triad gene 
expression
Fluorescent dye‑based quantitative real‑time polymerase 
chain reaction  (PCR) was performed for the purpose 
of determining the expression of FHIT using the 
Rotor‑Gene® Q  (Qiagen, Germany). Primer 3 plus 
software was used for the designation of the FHIT gene 
primers, whereas the sequence of the reference gene used, 
β‑Actin, was obtained from a prior study.[23] The reaction 
was accomplished by employing 10 µL of TransStartTM 
Top Green quantitative PCR SuperMix  (TransGen 
Biotech Co., China), 3 µL of cDNA, and 0.5 µLof 
each of the primers  (10 µM) listed in Table  1 and 
nuclease‑free water (6 µL), for a total volume of 20 µL. 
The following characterizes the thermal profile: holding 
the temperature at 94° Celsius for 60 s, followed by forty 
cycles encompassing denaturation at 94° Celsius for 5 s, 
followed by annealing (at 54° Celsius for both FHIT and 
β‑Actin) for 15 s and extension at 72° Celsius for 20 s. 
After that, samples are dissociated from 65° Celsius to 95° 
Celsius (5 s for 1°). An examination of the melting curve 
was performed to validate the specificity of the amplified 
product. The expression of the FHIT gene was assessed 
by relative fold change in gene expression, estimated via 
the delta‑delta Ct method.[24] The data were normalized 
to the endogenous reference gene (β‑Actin) with respect 
to the controls.

Statistical analysis
Data analysis was conducted via the Statistical 
Package for Social Sciences, version 22 (SPSS 22; IBM 
Corporation, Armonk, New York, USA; Released 
2013).  The Shapiro–Wilk test was employed to assess 
the normality of the quantitative parameters under 
study. Data were provided using fundamental statistical 
measures, including medians, and interquartile 

ranges (IQRs), frequencies, and percentages, two‑sample 
t‑test (Parametric approach), along with Mann–Whitney 
U‑test (nonparametric approach), have been employed 
to evaluate the quantitative data of two groups. The 
frequency and percentage of qualitative data are 
reported, and any significant changes in distribution 
that occur within the research groups are measured by 
implementing Pearson’s Chi‑square test or Fisher’s exact 
test, depending on which is most suitable. The best cut‑off 
point for FHIT gene expression levels in differentiating 
CML patients according to their responsiveness to 
therapy was determined using the receiver operating 
characteristic  (ROC) analysis. A probability  (P) < 0.05 
was considered statistically significant.

Results

The general features of examined cohorts
The general characteristics of the studied groups 
are presented in Table  2. There were no significant 
differences (P = 0.871) between the control and the patient 
groups according to age (mean ± standard deviation), with 
values of 46.50 ± 10.735 and 46.12 ± 12.501, respectively. 
In addition, for the responsive and nonresponsive CML 
patients  (P  =  0.532), the mean  ±  standard deviation 
age was 45 ± 11.310 years for the responsive patients 
and 47.24  ±  13.73  years for the nonresponsive CML 
patients. This study revealed that females presented 
significantly greater nonresponsiveness to therapy 
than males did (60% vs. 40%; P = 0.02). The findings of 
this study indicated that patients with CML exhibited 
significantly lower mean  ±  standard deviation of 
hemoglobin levels (11.2860 ± 2.054, P < 0.001) than did 
the controls (14.084 ± 0.657). In addition, these patients 
presented a significantly greater (P = 0.03) white blood 
cell  (WBC) counts median  (IQR) value 7.3750  (5.45–
12.35) than did the controls 6.5500  (4.90–7.65) and 
had significantly greater  (P  =  0.008) platelet counts 
318  (236.5–480.75) versus 291  224–316.25 in controls. 
A comparison of responsive and nonresponsive CML 
patients revealed that those who were nonresponsive 
to treatment exhibited notably lower hemoglobin 
levels (9.8 ± 1.48969, P < 0.001), as well as significantly 
higher WBC counts 12.3  (7.25–19.34); P  <  0.001 and 
platelet counts 479  (378–525); P  <  0.001. This study 
demonstrated a significantly greater median  (IQR) 
BCR‑ABL%  (P  <  0.001) in nonresponsive patients 
1.1  (0.42–11.185) than in responsive CML patients 
0.0032 (0.0001–0.021).

RNA concentration and purity
Table 3 shows acceptable extracted RNA concentrations 
and purity. The median  (IQR) RNA concentration 
for controls and patients was 865  (640–1613) and 
1472 (665–2026), respectively, with a median (IQR) RNA 
purity (260/280) 2.03 (2–2.1) in controls and 2 (2–2.07) in 

Table 1: Primers used for the investigating the 
expression of the fragile histidine triad gene

Primers sequences for gene expression
Primer Sequence (5′ →3′ direction) Product size (pb)
FHIT

Forward CCCAGTGGGAGGTAACTGAA 142
Reverse AAAGAGGAGCAAAGCCACA

β‑Actin
Forward CCGCAAATGCTTCTAGGCG 78
Reverse TGTTTTCTGCGCAAGTTAGGT

FHIT=Fragile histidine triad
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patients without significant differences between study 
groups.

Fragile histidine triad gene expression
The estimation of FHIT gene expression revealed 
significantly downregulated FHIT gene expression 
level among CML patients as opposed to the controls 
group (P < 0.001), with a fold change of 0.0651 and a 
median (IQR) fold change in FHIT gene expression of 
0.1090  (0.0254–0.2890). The analysis of CML patient 
groups on the basis of treatment responsiveness 
revealed a significant  (P  <  0.001) reduction in FHIT 
mRNA level among the nonresponsive patient group, 
with a fold change of 0.0197 and a median  (IQR) 
expression of 0.0266  (0.0067–0.1034), compared with 
responsive patients group, which presented a fold 
change of 0.215 and a median  (IQR) expression of 
0.2083  (0.1286–0.3327). Table 4 summarizes the levels 
of expression FHIT gene mRNA within study groups 
via a 2−ΔΔCt method.[24] Figures  1 and 2 illustrate the 
amplification plot and the melting curve of the β‑Actin 
and FHIT genes, respectively.

An analysis of the ROC curve has been conducted for 
assessing the diagnostic utility of FHIT gene expression 
in predicting treatment responsiveness in patients with 
CML [Table 5 and Figure 3].

For FHIT gene expression, the value for the area under 
the curve value was recorded at 0.876, with a P < 0.001 
among responsive CML patients compared with 
nonresponsive CML patients, indicating its potential as 
a marker to distinguish responsive CML patients from 
nonresponsive CML patients. The FHIT gene expression 
fold exhibited 97% sensitivity and 72.4% specificity at 

a best cut‑off value of 0.0578 for differentiating CML 
patients according to their responsiveness to therapy.

Discussion

The introduction of TKIs, including imatinib mesylate, 
has markedly enhanced the clinical results for patients 
with CML. Numerous molecular investigations on Iraqi 
CML patients have examined the diverse parameters 
influencing the responsiveness to this therapy.[25-31] This 
study examined the impact of FHIT gene expression 
level on the responsiveness of CML patients to imatinib 
mesylate. Results showed that among CML patients 
enrolled in the present study, 46.12 year was the mean 
age. This finding is consistent with previous research 
showing that CML affects younger populations in 
Asian countries than in Western countries.[32-34] In 
addition, the failure rate of females to respond to 
imatinib treatment was substantially greater (P < 0.05) 
than that of males  (60% vs. 40%), possibly due to 
hormonal variations between the sexes.[35,36] Vitamin 
D insufficiency is common among Iraqi females and 
may affect how CML patients respond to therapy.[37,38] 
On the other hand, a number of studies conducted 
recently have shown that molecular responses tend to 
be better in females than in males.[39] The results also 
indicated that CML patients had significantly lower 
hemoglobin levels and increased WBC, and platelet 
counts in comparison to those in the control group. In 
addition, the nonresponsive CML patients exhibited 
markedly lower hemoglobin levels and increased WBC, 
and platelet counts than responsive CML patients did. 
In CML patients who were nonresponsive to therapy, 
disease progression may lead to a more severe disease 
phase characterized by bone marrow suppression 
due to leukemic cell clone expansion.[40] In accordance 
with the European Leukemia Net (ELN)   2023[22] 
published criteria for TKI response, this study revealed 
a considerably high BCR‑ABL% among nonresponsive 
CML patients.

This study revealed a significantly lower gene 
expression level of FHIT in CML patients than in 

Table 2: The general characteristics of the studied groups
Variables Group P Group P

Controls (n=60) CML 
patients (n=60)

Responsive CML 
patients (n=30)

Nonresponsive 
CML patients (n=30)

Age 46.50±10.735 46.12±12.501 0.871 45±11.310 47.24±13.73 0.532
Sex, n (%)

Male 33 (55) 33 (55) 1 21 (70) 12 (40) 0.02
Female 27 (45) 27 (45) 9 (30) 18 (60)

Hemoglobin (g/dL) 14.084±0.657 11.2860±2.054 <0.001 12.772±1.338 9.8±1.48969 <0.001
White blood cells (×103/mm3) 6.5500 (4.90–7.65) 7.3750 (5.45–12.35) 0.03 6.6000 (5.65–7.375) 12.3 (7.25–19.34) <0.001
Platelets (×103/mm3) 291 (224–316.25) 318 (236.5–480.75) 0.008 257 (221.50–285.5) 479 (378–525) <0.001
BCR‑ABL %(IS) ‑ ‑ ‑ 0.0032 (0.0001–0.021) 1.1 (0.42–11.185) <0.001
CML=Chronic myeloid leukemia, IS=International Scale

Table 3: RNA concentrations and purity of the 
studied groups
Variables Group P

Controls 
(n=60)

CML patients 
(n=60)

RNA concentration (ng/µL) 865 (640–1613) 1472 (665–2026) 0.183
RNA purity (260/280) 2.03 (2–2.1) 2 (2–2.07) 0.257
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controls, with nonresponsive CML patients exhibiting 
lower levels than responsive CML patients. The 
results of FHIT expression levels in relation to 
the development of therapy nonresponsiveness 
in CML patients, which is indicated by the best 
cut‑off point derived from ROC analysis, suggest 
that FHIT  expression levels may function as a 
potential biomarker for predicting imatinib mesylate 
nonresponsiveness, providing good sensitivity and 
moderate specificity in distinguishing between 
responsive and nonresponsive CML patients.

The accumulation of other abnormalities in both genetic 
and epigenetic pathways, in addition to the BCR/ABL1 
oncoprotein, affects the overall clinical consequences 

of CML.[22]  Identifying these aberrations could enable 
the development of treatment methods that may halt 
CML progression and sustain the disease in the CP, 
hence enhancing prognosis.[7] Multiple studies have 
demonstrated that an increase in FHIT expression 
results in the stimulation of the extrinsic caspase‑8 
route and the intrinsic mitochondrial pathway, two 
main apoptotic pathways.[41-43] Tumorigenesis can 
occur as a result of the deactivation of programmed 
cell death, ultimately leading to the expansion of 
malignant cell clones.[44] Aberrant transcription, 
deletions, and promoter hypermethylation result in 
deactivation of the FHIT gene, which is documented 
in many types of cancers, including hematological 
malignancies.[12-19] The stimulation of caspase‑dependent 

Table 4: Fragile histidine triad gene expression levels across the study groups
Group Mean 

Ct
β‑Actin

Mean 
Ct

FHIT

Δ Ct Δ Ct 
calibrator

ΔΔCt 2−ΔΔCt Experimental/
control group

FHIT mRNAexpression level P
Fold 

change
Fold expression level, 

median (IQR)
Controls 19.226 24.233 5.007 6.614 −1.607 3.046 3.046/3.046 1 0.7197 (0.4188–2.5135) <0.001
CML patients 19.422 28.371 8.948 6.614 2.335 0.198 0.198/3.046 0.0651 0.1090 (0.0254–0.2890)
Responsive CML patients 19.261 26.486 7.225 6.614 0.611 0.655 0.655/3.046 0.215 0.2083 (0.1286–0.3327) <0.001
Nonresponsive CML patients 19.584 30.255 10.672 6.614 4.058 0.060 0.060/3.046 0.0197 0.0266 (0.0067–0.1034)
CML=Chronic myeloid leukemia, IQR=Interquartile range, FHIT=Fragile histidine triad

Table 5: Best cut‑off value of the fragile histidine triad fold change in gene expression for the assessment of 
imatinib responsiveness in chronic myeloid leukemia patients
Parameter AUC AUC explanation 95% CI of AUC AUC (P) Best cut‑off value Sensitivity (%) Specificity (%)
FHIT fold of gene expression 0.876 Good 0.779–0.973 <0.001 >0.0578 97 72.4
FHIT=Fragile histidine triad, CI=Confidence interval, AUC=Area under the curve

Figure 1: Result of β‑actin quantitative polymerase chain reaction of amplification plot (a) and melting curve (b). Images from qiagen rotor gene Q quantitative polymerase 
chain reaction instrument

ba
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apoptosis and the reduction of tumor cell proliferation 
have been demonstrated to be mechanisms by which 
the reactivation of FHIT inhibits tumorigenesis in mice 
models and the cancer cell lines.[45,46] Disruption of 
apoptosis‑related genes is associated with advanced 
CML disease, poor imatinib response, and poor 
survival.[47] Study limitations include small sample size, 
single‑center study, lack of patients follow‑up, and the 
absence of functional or epigenetic validation.

Conclusions

Reduced FHIT gene expression was associated with CML 
and with changes in hematopoietic patterns observed in 
the patients studied. Variations in FHIT expression were 
noted between responsive and nonresponsive patients, 
indicating a potential association with treatment response, 
suggesting that FHIT expression may have value as a 
complementary predictive biomarker for imatinib mesylate 
responsiveness, although further validation is required to 
assess FHIT protein expression, the mutational status of the 
FHIT gene, the pattern of promoter methylation, and their 
impact on protein levels in patients with CML.
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