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Background Fas-associated phosphatase-1 (FAP-1)
mediates tumor suppressor and tumor promoter effects
through the inhibition of oncogenic tyrosine kinases and
apoptosis, respectively. It was claimed responsible for the
pathogenesis of some cancers; nevertheless, its role in acute
myeloid leukemia (AML) is not clear.

Patients and Methods FAP-1 expression was measured in
20 new AML patients and 12 apparently healthy individuals
using real-time PCR.

Results FAP-1 expression was significantly lower in AML
patients compared with controls (P<0.001). Patients with
relatively higher FAP-1 expression had significantly higher
hemoglobin and platelets but lower white cell count (WCC)
and lactic dehydrogenase (LDH) (P<0.001), thus reflecting
lower tumor burden in this group. Patients’ response was
assessed on day 28 after chemotherapy; we found that one of
seven patients with FAP-1 expression up to 0.03945 achieved
complete remission (CR) compared with eight of 13 patients
with levels more than 0.03945. FAP-1 levels predicted the
response in the subgroup with normal karyotype and in those
with no FLT3-ITD as the majority of those with higher levels

achieved CR (77.8 and 80%, respectively), whereas CR was
seldom achieved in those with low levels.

Conclusion Our data showed significantly reduced FAP-1
expression in AML patients. FAP-1 can be a useful tool in
identifying patient’s risk in AML as the level of expression
predicted the response.
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Introduction
Fas-associatedphosphatase-1 (FAP-1) is ahighmolecular
weight nonreceptor protein tyrosine phosphatase that
removes phosphate groups from phosphorylated
tyrosine residues and is widely expressed in almost all
tissues [1]. FAP-1 mediates diverse cellular functions. It
exerts tumor-promoting and tumor-suppressing effects
through its inhibitory interaction with the death
domain Fas and by counteracting the activity of
oncogenic tyrosine kinases. It was incriminated in the
pathogenesis of a number of malignancies [1–6].

This study aimed to explore the role of FAP-1 in the
pathogenesis of acute myeloid leukemia (AML) and
correlate it with clinical disease characteristics.

Patients and methods
The study included 20 de-novo AML patients who
presented during the period between December 2014
and April 2015. The study also included 12 healthy
controls. Diagnosis of AML was carried out on bone
marrow samples and confirmed by means of flow
cytometry using the acute panel. Conventional
karyotyping and detection of FLT3 mutation using
conventional PCR were carried out as a part of routine
diagnostic workup.

After obtaining consent from patients, relevant clinical
data and blood samples were collected. RNA was
extracted from EDTA blood samples using QIAamp
RNA Blood Mini Kits (Qiagen, Hilden, Germany).
QIAamp spin columns uses the selective binding
properties of silica-based membrane to RNA, which
yields total cellular RNA from fresh whole blood and
other sample sources using a specialized high-salt
buffering system. The concentration and purity of
extracted total RNA was measured using NanoDrop
(2000 Spectrophotometer; Thermo Scientific, USA)
by measuring the absorbance (A) at 260 and 280 nm.
The A260/A280 should be around 2. Reverse
transcription was carried out using QuantiTect
cDNA Reverse Transcription Kits (catalog no.
205311; Applied Biosystems, California, USA) using
Gene Amp PCR System (model 9700; Applied
Biosystems). Reverse transcription was carried out in
two steps: (i) genomic DNA elimination by adding
variable volumes of template RNA and RNase-free
water (depending on the RNA concentration) to 4 μl of
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gDNA wipeout buffer and incubating the mixture at
42C° for 8min, and (ii) reverse transcription of RNA
to generate single stranded cDNA. The master mix
comprised 1 μl of QuantiTect reverse transcriptase, 4 μl
of QuantiTect RT buffer, 1 μl of the supplied RT
primer, and 14 μl of template RNA (total volume
20 μl). The tubes were incubated in the thermal
cycler for 30min at 42°C and for 3min at 95°C to
inactivate the enzyme. cDNA was stored at −20°C. A
temperature gradient experiment using conventional
PCR was carried out to identify the annealing
temperature for FAP-1 gene amplification. The
reaction mix comprised 12.5 μl of master mix, 1 μl of
each of the sense and antisense FAP-1 primers listed
below, 2 μl of template DNA, and DNase-free water,
to make a total volume of 25 μl. The program used in
the temperature gradient thermal cycler included initial
denaturation at 94°C for 3min followed by repeated 35
cycles as follows: denaturation at 94°C, annealing at six
different temperatures of 51, 53, 55, 57, and 62°C, and
extension at 72°C each for 1min. Gel electrophoresis
showed 59°C to be the most suitable annealing
temperature with least nonspecific amplification
bands (Fig. 1).

The real-time PCR for FAP-1 gene expression analysis
was carried out on cDNA using QuantiTect Sybr
Green PCR Kit (Applied Biosystems, California).
Primers were designed to amplify 358 bp of FAP-1
gene (sense: CCTACAGTGTGGGGTC; antisense:
GGTGAACCATCGCAGT) and the endogenous
control PBGD (sense: AGAGTGATTCGCGTGG
GTACC; antisense: CCCTGTGGTGGACATAG
CAAT). The reaction mixture comprised 12.5 μl of
master mix, 1 μl of each of the four primers, and 6.5 μl
of the DNase-free water (total volume 23 μl). The wells

were loaded on real-time PCR thermal cycle (model
7500; Applied Biosystems) with 96-well platform and
three-color system. The thermal cycles were as follows:
initial denaturation for 15min at 95°C followed by 45
repeated cycles of 15 s at 94°C, 30 s at 59°C, and 30 s at
72°C (Fig. 2).

The principle of calculation of gene expression
The comparative Ct (ΔΔCt) method was used to
determine the relative target quantity in samples
(ΔΔCt=ΔCt

case−ΔCt
control). With the comparative Ct

method, the 7500 software measures the amplification
of the target and of the endogenous control in patients’

Fig. 1

Gel electrophoresis of temperature gradient experiment. C, control
sample; 1, DNA of case 1.

Fig. 2

DNA created using the real-time PCR as measured by the fluores-
cence. (a) Target gene; (b) control gene.
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samples and in reference samples. Measurements
were normalized using the endogenous control
(ΔCt

case/control=Ct
FAP-1−Ct

PBGD). FAP-1 expression
was expressed as fold change ð¼ 2�ΔΔCt Þ.

Statistical analysis
Analysis was performed using IBM SPSS Statistics for
Windows (version 22.0; IBM). Comparisons of
categorical data were made using the χ2-test and the
Fisher exact test, as appropriate. Student’s t-test and
the Mann–Whitney test were used to test the
significance. Spearman’s correlation coefficient (r)
was used to measure the association between
two quantitative variables. Receiver–operator char-
acteristic (ROC) curve was used to identify the best
FAP-1 cutoff that can predict the response in AML
patients.

Results
FAP-1 expression was significantly lower in AML
patients (mean: 0.1932±0.2404) when compared
with the control group (mean: 1.0±0.0) (P<0.001)
(Table 1 and Fig. 3).

There was a positive correlation between FAP-1
expression and hemoglobin level and platelet count
but a negative correlation with white blood cell counts
(r=0.757, 0.790, and −0.648, respectively; P<0.001).
We also demonstrated a negative correlation between
FAP-1 expression and LDH and serum creatinine
(r=−0.697 and −0.676, respectively; P<0.001)

ROC curve identified 0.03945 as the best cutoff level of
FAP-1 expression in predicting the response in AML,
with a sensitivity of 88.9% but lower specificity at
54.5%. At that cutoff point, the negative predictive
value was 85% and the positive predictive value was
61.5%

On day 28 after chemotherapy, nine patients were
in complete remission (CR), whereas 11 failed to
achieve remission when the response was assessed
with full blood count and bone marrow examination
(morphologically and by means of flow cytometry).
Study of the patients’ response in relation to FAP-1
expression showed that one of seven patients with
FAP-1 expression up to 0.03945 achieved CR
compared with eight of 13 patients with levels more
than 0.03945 (P=0.04) (Fig. 4).

In the subgroup of 11 patients with normal karyotype,
nine had FAP-1 expression more than 0.03945 and of
them seven (77.7%) achieved CR. However, the two
patients with FAP-1 levels up to 0.03945 were not in
CR when assessed (P=0.04).

Similarly, in those with no FLT3-internal tandom
duplicate (ITD) (n=8), four of five patients with
FAP-1 expression above the cutoff level had
responsive disease compared with none of the three
patients with lower levels who were refractory to
therapy (P=0.03) (Table 2).

In this study, there was no significant difference in
FAP-1 expression between different FAB subtypes or
between patients with hepatosplenomegaly and those
with no organomegaly. There was also no correlation
between FAP-1 expression and blast percentage both
in the peripheral blood and the bone marrow.

Table 1 Level of Fas-associated phosphatase-1 expression in
patients and controls

Cases (n=20) Controls
(n=12)

Mann–Whitney
test

P
value

Level of

expression

0.1932±0.2404 1.0±0.0 4.79 <0.001

Fig. 3

Levels of Fas-associated phosphatase-1 expression in patients and
control.

Fig. 4

Fas-associated phosphatase-1 expression in relation to response to
chemotherapy. CR, complete remission.
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Discussion
The recent leap in identifying the cytogenetic and
the molecular events associated with AML has
revolutionized our understanding of the nature of the
disease, whichwas reflected on patientmanagement and
consequently on the outcome; nevertheless, there is a
need for significant improvement as the long-term
survival in young nonacute promyelocytic-AML
patients is between 30 and 60% depending on the
cytogenetic and FLT3 mutation status and is clearly
worse in older patients [7].

To our knowledge, this is the first report on the impact of
FAP-1 on the pathogenesis and outcome in de-novo
AML. We hypothesized that FAP-1 can play a role in
the process of leukemogenesis through its protein tyrosine
phosphatase activity and/or apoptosis regulation.

The present study was designed to evaluate the role
FAP-1 gene expression in AML. We demonstrated
significantly lower levels of FAP-1 mRNA in patients
with AML compared with age-matched controls. We
suggest that the decreased expression of FAP-1 in
AML is associated with increased tyrosine kinase
activity as a consequence of loss of FAP-1 action as
a protein tyrosine phosphatase (i.e. loss of FAP-1
inhibitory effect on the signal transduction from
growth factor receptors and/or oncogenes with
tyrosine kinase activity). This FAP-1 effect can
suppress tumor occurrence.

LowexpressionofFAP-1has also been reported in other
hematological and nonhematological malignancies,
including MDS [4], lymphoma [6], a proportion of
hepatocellular carcinoma [5], breast cancer [8], and in
squamous cell carcinoma of the lung [3]. Low FAP-1
expression was claimed to be associated with increased
Srckinase activity inbreast cancer andSTAT3activity in
lung squamous cell carcinoma, and hence is involved in
the tumorigenesis [3,8].

In contrast, higher FAP-1 expression was reported in
Bcr-Abl transfected myelomonocytic cells and was
considered responsible for increased β-catenin

activity, which correlates with leukemia stem cell
expansion and disease progression in chronic
myeloid leukemia. Blocking the action of FAP-1 by
the tripeptide SLV decreased β-catenin activity and
overcame Fas-resistance in those cells [9]. Increased
FAP-1 expression was also reported in ovarian and
colorectal cancer and was thought to confer resistance
to Fas-induced apoptosis [10,11].

He et al. [12] suggested that the impact of FAP-1 on
cancer is divided between its capacity to counteract the
activity of oncogenic tyrosine kinases and its inhibitory
interaction with the death receptor, Fas. The ability of
FAP-1 to inhibit signaling from growth factor
receptors or oncogenes with tyrosine kinase activity
can suppress tumor occurrence. FAP-1 expression is
regulated, at least partially, by the pattern of gene
promoter methylation [6].

Our results showed that lower FAP-1 mRNA levels
were associated with features of increased tumor
burden as reflected by significantly lower hemo-
globin levels and platelet count but higher WCC,
LDH, and serum creatinine in the group with
relatively low FAP expression. This is likely due to
lack of the tumor suppressor effect of FAP-1.

FAP-1 expression predicted the response in our
patients as CR was seldom achieved in those with
levels below or equal to the cutoff, whereas higher
expression was associated with a good chance to
achieve remission on day 28 of chemotherapy. This
can be explained at least partially by increased tumor
burden associated with lower levels of FAP-1
expression. In addition, we suggest that residual
FAP-1 activity is important for the antiproliferative
effect of chemotherapy in AML patients.

AML with normal karyotype is usually grouped in the
‘intermediate risk’ category, although the treatment
outcome is extremely heterogeneous. Our results
suggest that FAP-1 expression can be used to risk
stratify these patients as it helps in differentiating
this heterogeneous category into prognostically

Table 2 Level of Fas-associated phosphatase-1 expression in relation to response in the subgroup with normal karyotype and
the subgroup with no FLT3-ITD

Level of expressionPatients characteristics Response

≤0.03945 >0.03945

Fisher’s exact test P value

Normal karyotype (n=11) CR 0 7 4.28 0.04

Non-CR 2 2

FLT3 negative (n=8) CR 0 4 4.80 0.03

Non-CR 3 1

CR, complete remission.
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different subgroups. Similarly, in AML patients with
no FLT3-ITD mutation, FAP-1 expression predicted
the response to therapy and can be a useful tool to
refine risk stratification within this group.

ROC curve has shown FAP-1 expression as a good
negative test as it can predict the group that is likely to
fail to achieve CR after to first chemotherapy and who
might benefit from investigational therapy.

Conclusion
We demonstrated lower FAP-1 mRNA in AML
patients compared with controls. These findings
suggest that decreased FAP-1 expression can be a
contributing factor in the pathogenesis of AML.
FAP-1 has prognostic implication, as levels of
expression correlated with the disease response to
chemotherapy, and thus can be integrated in a risk
stratification model. This is particularly relevant when
other prognostic markers are not informative (e.g. in
the subgroup with normal karyotype). FAP-1-
modulating agents should be investigated as a
possible therapeutic option.
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