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Abstract

Background: Conventional cytogenetic studies have been viewed as the standard follow-up method for Chronic
Myeloid Leukemia patients on Imatinib. However, this approach is beset with high probability of poor metaphase
index. In this study, we evaluated the application of Phytohemagglutinin (PHA)-induced peripheral blood culture
based cytogenetic analysis (Karyotyping) in diagnosis and Imatinib treatment monitoring of the Chronic Phase CML
patients.

Methods: The patient samples were subjected to the PHA-induced peripheral blood culture based cytogenetic
technique (Karyotyping) to establish their baseline cytogenetic status followed by their follow up Karyotyping twice
at the end of 3 and 6 months of treatment. The simultaneous quantitative PCR (gq-PCR) assay for BCR-ABL fusion
gene transcript on the samples corresponding to their baseline as well as the follow up cytogenetic status was also
carried out to authenticate the cytogenetic findings.

Results: Complete Cytogenetic Response (CCR) and Partial Cytogenetic Response (PCR) was initially
observed in 09 (30%) and 16 (53.3%) respectively of 30 CML patients with 05 (16.6%) patients showing no such
response at the end of 3 months. At 6 months, 25 (83.3%) and 02 (6.6%) showed CCR and PCR respectively with
03 (10%) of patients without any response. The findings completely correlated with the hematological response, the
g-PCR assay as well as the overall disease condition observed in the patients.

Conclusion: As acquiring bone-marrow sample involves morbid consequences for patients and metaphases
yielded thereby are difficult to analyze, PHA-induced peripheral blood Karyotyping was explored as an alternative.
It was found to have significant potential in serving as a valid tool in the diagnosis and assessment of follow up

response to Imatinib mesylate treatment of patients with chronic phase CML.

Keywords: CML; Cytogenetic response; Imatinib; Peripheral blood;
Karyotyping; q-PCR; PHA

Background

Patients with Chronic Myeloid Leukemia (CML) have a clonal
hematopoietic disorder which is characterized by a specific translocation
t(9;22)(q34;q11.2) yielding the truncated Chromosome-22, called the
Philadelphia chromosome that harbors an abnormal fusion or hybrid
gene called BCR-ABL. This gene produces a dysregulated ‘tyrosine
kinase’ enzyme, which signals the marrow to make too many white
blood cells and is responsible for abnormal myeloproliferation in CML [1].

Chronic Myeloid Leukemia (CML) is a relatively rare disease with
a worldwide annual incidence rate ranging from less than 1.0 to 2.0
per 100,000 persons. CML represents 14% of all cases of leukemia
(Leukemia and Lymphoma Society, 2004). About 3% of childhood
leukemia’s are CML, and 10% of cases of CML occur in children aged
5-20 years [2]. Chronic Myeloid Leukemia (CML) is occurring in
younger age group in our region compared to the median age at the
time of presentation being 53 years as reported in western literature
[1]. In India, CML was seen prevalent in third and fourth decades [3].
As per the study conducted by Arshad et al. [4], the leukemia’s rank
fifth in order of occurrence among the cancers prevalent in Kashmir
valley (North India), wherein CML figures as the second most incident
leukemia after Acute Lymphoid Leukemia (ALL). The male to female
ratio in our series was 1.14:1 which is comparable with the studies from
other parts of the world [5,6].

Philadelphia chromosome (Ph) is the cytogenetic hallmark found
in 95% of patients with chronic myeloid leukemia (CML) [7,8]. It
is the karyotypic detection of this very cytogenetic marker that is
instrumental in establishing the diagnosis as well as helps monitor
treatment response in CML patients. In the formation of the Ph
translocation, two fusion genes are generated: BCR-ABL on the Ph
chromosome and ABL-BCR on the chromosome 9 participating in the
reciprocal translocation t (9; 22) (q34; q11) [9]. The BCR-ABL gene
encodes a protein with dysregulated (uncontrolled) tyrosine kinase
activity, which triggers an abnormal proliferation of the myeloid lineage
of the white cell component of blood [10]. The presence of this protein
in CML cells is strong evidence of its disease-causing role. The efficacy
in CML of a drug-Tyrosine kinase inhibitor- that inhibits the BCR-ABL
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tyrosine kinase has provided the final proof that the BCR-ABL onco-
protein is the principal cause of CML.

Clinically, CML progresses through three distinct phases, which are
broadly classified on the basis of the number of the blast cells present
into ‘chronic phase’ with up to 15% of blasts; ‘accelerated phase’ with
15% to 30% of blasts and ‘blast crisis’ with >30% of blasts present [1].

There is no single standard therapy for patients with CML. Advances
in bone marrow transplantation and the effects of recombinant
interferon-alpha combined with chemotherapy with either hydroxyurea
or cytarabine have proven clinically important. The recent introduction
of Imatinib represents a new treatment option [11-13]. Imatinib is a
molecularly targeted therapy that inhibits the oncogenic fusion protein
BCR-ABL, which is a dysregulated Tyrosine kinase enzyme. It has
demonstrated efficacy in the treatment of CML as a ‘tyrosine kinase
inhibitor’, particularly in the chronic phase. Several studies indicate
the prognostic value of the major as well as complete cytogenetic
response and have correlated the acquisition of additional cytogenetic
abnormalities with Imatinib resistance during treatment [14,15].

As CML is among the considerably incident leukemias and ranks as
the fifth largest category of cancer burden in the Kashmir valley (North
India) [4], we aimed at evaluating the efficacy of the said peripheral
blood cytogenetic technique, which is first of its kind in our region, in
detecting the disease and monitoring the cytogenetic response in CML
patients treated with tyrosine kinase inhibitor (Imatinib mesylate).

Methods

Patients and samples

A total of 30 patients in the chronic phase of CML were recruited
from the Departments of Medical Oncology, Sher-i-Kashmir Institute
of Medical Sciences (SKIMS) and Clinical Hematology, SKIMS and
included in the study after a thorough approval from the ‘Institute Ethics
Committee’ (IEC) of SKIMS and subjected to prospective evaluation
of their response to the Imatinib treatment at the Department of
Immunology & Molecular Medicine, SKIMS from October 2013 to
November 2014. The diagnosis of CML was based on characteristic
peripheral blood smear and bone marrow examination findings which
were confirmed by presence of Philadelphia chromosome on peripheral
blood cytogenetic studies as well as detection of BCR-ABL translocation
by q-PCR. All the patients received 400 mg daily of Imatinib mesylate
for the first three months and subsequently underwent cytogenetic
evaluation of their peripheral blood. This was followed by continuing
the same treatment for the next 3 months with dose enhancement of
up to 800 mg twice daily only in those patients who did not show any
cytogenetic response after the first 3 months.

Cytogenetic analysis

Chromosomal analysis was performed before Imatinib therapy and
twice three-monthly after the treatment as per the routine cytogenetic
analysis [16] with the modification of adding Phytohemagglutinin
(PHA-Gibco)-40 pl/5 ml of media at culture initiation. Peripheral
blood karyotypes were obtained from such cultures along with a tube
each of unstimulated PHA-free culture for comparative purposes as
1 ml of Peripheral blood was inoculated in 5 ml. of RPMI 1640 (Cell
Clone) culture media with 10% fetal calf serum (Gibco) at 37°C for 48-
72 hours. Cell cultures were treated with Colchicine (Loba Chemie- 1
mg/10 ml) along with Ethidium bromide (1 mg/10 ml) for the final
hour of incubation. Cells were subsequently harvested by standard
procedures (hypotonic shock: 0.075M) and fixed in methanol-acetic

acid (3:1). GTG banding was performed as described by Seabright
[17], and chromosomes were identified and arranged according to the
International System for Human Cytogenetic Nomenclature (ISCN)
[18] with the help of a computerized work station- ‘Cytovision’ The
number of cells investigated for each patient at each analysis ranged
from 20 to 30 metaphases.

Molecular analysis (q-PCR)

3 ml of freshly drawn samples were put to density gradient
centrifugation (Ficoll, Sigma) to get the white cell component of the
peripheral whole blood to be subjected to Trizol (Amresco) RNA
extraction. The extracted RNA was checked for purity and integrity by
DEPC-treated Gel electrophoresis which yielded intact and prominent
bands for 28S, 18S and 5S r-RNA, thereby lending an indirect but
authentic confirmation about the integrity of the desired fusion m-RNA
transcript. The RNA after normalization to the concentration of
approximately 500 ng was subjected to the integrated c-DNA synthesis
and real-time amplification by using Tagman probe based BCR-ABL
transcript quantitation kit (Geno-Sen’s Genome Diagnostics Pvt. Ltd.)
on the Agilent Stratagene Mx-3000-P Real-time-PCR platform.

The diagnosis of CML was based on characteristic peripheral
blood smear and bone marrow examination findings, which was
confirmed by the presence of Philadelphia chromosome in excess of
80% of metaphases upon PHA-induced peripheral blood cytogenetic
studies and detection of BCR-ABL fusion transcripts in excess of 80%
by g-PCR.

Response evaluation

The object of evaluation for cytogenetic response is the Metaphase
spread or chromosome spread on the slide. The good metaphase index
means adequate number and healthy looking chromosome spreads
yielded per slide/sample. While, it is conventional wisdom to expect
lower metaphase index in respect of the malignant metaphases yielded
in a PHA-induced peripheral blood culture compared to their normal
or non-malignant counterparts, we modified the response evaluation
criteria followed in bone marrow cytogenetics, which is: complete
cytogenetic response (CCyR: 0% of Ph+ cells); partial response (PCyR:
from 1-35% of Ph+ cells); minor response (MrCR: 36-65% of Ph+
cells); minimal response (MiCR: 66-95% of Ph+ cells) and no response
(NoCR: >95% of Ph+ cells) with: complete cytogenetic response as:
(CCR: 0% of Ph+ cells); partial response as: (PCR: PCyR+MrCR)
and no cytogenetic response as: (NCR: MiCR+NoCR). Further, the
cytogenetic response was correlated with the q-PCR assay findings
and other clinical evaluation like state of Spleen and TLC counts. With
regard to the BCR-ABL transcript load, three quantification ranges of
‘0-40% ‘40-60%’ and ‘60-80%’ were set as reference scale corresponding
to CCR, PCR and NCR respectively (Tables 1 and 2).

Results

The CML patients included 16 males (53.3%) and 14 females
(46.7%) within the age range of 18-70. 11 (36.7%) cases belonged to
age group >45 years and the rest 19 (63.3%) were <45 years of age.
All the patients had raised Total Leukocyte Count (TLC) with overall
mean value of 80 x 10°/ul and different grades of Splenomegaly along
with the g-PCR status of >60% of BCR-ABL fusion transcript load.
All the patients subjected to initial Karyotyping in order to establish
their baseline cytogenetic status were found to be Philadelphia positive
(Ph+) (Figure 1 and Table 1).

At the end of 3 months of treatment, the follow-up karyotyping
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revealed 25 (83.3%) patients with a marked cytogenetic response, which
is comparable with the parameter of ‘Major Cytogenetic Response’
(MCR) (as discussed in similar studies elsewhere), and wherein 16 of 25
(64%) patients showed Partial Cytogenetic Response (PCR) and 09 of
25 (36%) patients were found to have Complete Cytogenetic Response
(CCR) with total Philadelphia negative status (Table 1). Subsequently,
the 16 cases with ‘PCR’ also showed a clear graduation to the ‘CCR at
the end of 6 months of treatment (Table 2). 05 of the total 30 (16.7%)
cases returned with their complete Philadelphia positive status and
No Cytogenetic Response (NCR) at all at the end of first 3 months of
treatment with one male patient reporting the occurrence of clonal
evolution changes of Trisomy-8 and Isochromosome-17q along with
the Philadelphia chromosome (Figure 2). In this group who were
unresponsive to the initial treatment, Imatinib dose was subsequently
escalated to 800 mg daily for further 3 months. The second follow-up

karyotyping of these patients revealed response improvement in 02
of 05 cases (40%) that graduated to the partial cytogenetic response
from no cytogenetic response, whereas the rest 03 of 05 (60%) cases,
including the clonal evolution one, showed no such improvement and
retained their Philadelphia positive cytogenetic status. A notable finding
of the study was that there was a remarkable response improvement
at 6 months rather than 3 months of treatment duration with CCR as
well as molecular response at 6 months being more significant than at 3
months (p<0.0007) (Table 3, Figure 4).

Besides, the treatment response didn’t show any gender bias as
males and females seemed almost equally responsive in terms of ‘CCR;,
‘PCR; and ‘NCR’ with 05, 09 and 02 of the total 16 males constituting
‘CCR, ‘PCR and ‘NCR respectively and 04, 07 and 03 of the total 14
females constituting ‘CCR, ‘PCR’ and ‘NCR’ respectively at the end of

Particulars Number Cytogenetic Response (Peripheral Blood)
Complete Partial No response
Gender Male 16 05 09 02
Female 14 04 07 03
Age >45 1 04 06 01
<45 19 05 10 04
Dwelling Urban 12 03 06 03
Rural 18 06 10 02
TLC+Spleen (Baseline) Raised 30 e e e
Normal o0 | e e s
BCR-ABL g-PCR value (Baseline) >80% 30 e e e
<80% [0 e I
Karyotyping (Baseline) Ph+ve (>80%) 30 e e e
Ph-ve (00 e e
TLC+Spleen (Follow up) Raised 05 00 00 05
Normal 25 09 16 00
BCR-ABL  g-PCR value (Follow-up) 0-40 % 09 e e
40-60% e L
60-80% e e 05
Karyotyping (Follow up) Ph+ve 05 00 00 05
Ph-ve 25 09 16 00

Table 1: Patients particulars and ‘Peripheral blood cytogenetic response’ at 3 months of ‘Imatinib’ treatment.

Particulars Number Cytogenetic Response (Peripheral Blood)
Complete Partial No response
Gender Male 16 14 01 01
Female 14 11 01 02
Age >45 11 10 00 01
<45 19 15 02 02
Dwelling Urban 12 09 01 02
Rural 18 16 01 01
TLC+Spleen (Baseline) Raised 30 - — e
Normal 30 - e
BCR-ABL  g-PCR value (Baseline) >80% 30 - m———— e
<80% 00 e —— e
Karyotyping (Baseline) Ph+ve (>80%) 30 - — e
Ph-ve 00 - m——— | e
TLC+Spleen (Follow up) Raised 03 00 00 03
Normal 27 25 02 00
BCR-ABL  g-PCR value (Follow-up) 0-40 % 25 —_— -
40-60% e 02 e
60-80% e e 03
Karyotyping (Follow up) Ph+ve 03 00 00 03
Ph-ve 27 25 02 00

Table 2: Patients particulars and ‘Peripheral blood cytogenetic response’ at 6 months of ‘Imatinib’ treatment.

J Cancer Sci Ther
ISSN: 1948-5956 JCST, an open access journal

Volume 7(8) 242-248 (2015) - 244




Citation: Azad NA, Baba SM, Shah ZA, Rasool R, Pandith AA | Aziz SA, et al. (2015) Phytohemagglutinin-Induced Peripheral Blood Cytogenetics:

A Valid Means for Diagnosis and Imatinib Therapy Monitoring of Chronic Phase Chronic Myeloid Leukemia Patients. J Cancer Sci Ther 7:
242-248. doi:10.4172/1948-5956.1000356

MO VIR TN
i3 EC BR 5g uE i3 Rk

99+(q34)

80 D4 AY EX 23 R

2% zu 4a 3o D}
1 2 2 2 224{q11.2) X ¥

Figure 1: Representative karyotype of the Philadelphia positive chromosome complement from PHA-induced/stimulated peripheral blood culture.

8¢ B 35 8a ag

5

B0 83 688 %4 38 48 38

Trisomy

et i(17q)

88 &b d6 B8 L& Aas

16 17 18

X r?ﬂs ba bA,_ 8 o

q11.2

Figure 2: Representative karyotype of the clonal evolution positive chromosome complement from PHA-induced/stimulated peripheral blood culture.

Method Duration of | Complete response (CCR)- 0% | Partial response (PCR)-01%- | No response (NCR)-66% ->95% P value
treatment Ph+ 65% Ph+ Ph+
Cytogenetics 03 months 09(30%) 16(53.3%) 05(16.7%) 0.00007
06 months 25(83.3%) 02(6.7%) 03(10%)
BCR-ABL g-PCR value 0-40 % 40-60% 60-80%
03 months 09(30%) 16(53.3%) 05(16.7%) 0.00007
06 months 25(83.3%) 02(6.7%) 03(10%)

Table 3: Comparative cytogenetic and molecular responses at 3 and 6 months.

first 3 months of treatment. This trend continued at the end of 6 months 800 mg. The 03 of 05 cases retained their ‘NCR’ status even after the said
of further treatment when 14, 01 and 01 of the total 16 males constituted  dose escalation and included 02 females and 01 male. Simultaneously
‘CCR; ‘PCR and ‘NCR' respectively and 11, 01 and 02 of the total 14 the same series of samples evaluated for molecular response showed a

females constituted ‘CCR, ‘PCR’ and ‘NCR’ respectively, wherein 01 100% concordance with the cytogenetic response (Table 3, Figures 4
each case among the males and females of the initial NCR’ group (05 of and 5)

total 30 patients) graduated to ‘PCR’ from ‘NCR after dose escalation of
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Figure 3: Representative karyotype of the Philadelphia positive chromosome complement from PHA-uninduced/unstimulated peripheral blood culture.
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Figure 4: Representative of differential cytogenetic response at 3 and 6 months duration.

All the results were interpreted and correlated accordingly as
per the Karyotypes obtained from PHA-induced peripheral blood
cultures (Figure 1), which were clearly better at detection of the marker
chromosomal aberrations than the non-PHA cultures (Figure 3).

Discussion

Conventional cytogenetics requires a bone marrow sample and
evaluation of 20 or more metaphases for the Philadelphia chromosome
(Ph+). Categories of cytogenetic response include minimal cytogenetic
response, with 36% to 95% Ph+ metaphases; partial cytogenetic
response, with 1% to 35% Ph+ metaphases; major cytogenetic response,
with 0% to 35% Ph+ metaphases; and complete cytogenetic response,
with 0% Ph+ metaphases. Although cytogenetic studies are associated
with a wide confidence interval as the number of metaphases evaluated
is limited, the association between cytogenetic response and the
treatment outcomes is quite well established [19,20].

Detection of Ph chromosome by conventional karyotyping is
still considered the basis for monitoring the targeted therapy using
Imatinib in CML. Monitoring the percentage of Ph positive cells is the
best validated system for assessment of the response to tyrosine kinase
inhibitors, since the cytogenetic response is the best surrogate marker
of survival [21,22].

Many a review literature, like Hagop Kantarjian et al. [23], on
comparative analysis of monitoring tools available in the assessment
of treatment response of CML patients on Imatinib acknowledge the
consideration of conventional cytogenetic studies using chromosome
Giemsa banding (Karyotyping) as the gold standard of treatment
monitoring in view of its better performance in terms of sensitivity,
least false positivity and detection of other chromosomal abnormalities
in addition to the detection of the Philadelphia chromosome.

Although the conventional cytogenetic studies on bone marrow have
been viewed as the standard follow-up method for patients on Imatinib,
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the technique continues to be confronted with the issue of quality of
the signal metaphases produced, which are compact and dysmorphic,
thereby making them not amenable to prominent G-banding and hence
easy and convenient analysis [24]. Accordingly, this study was taken
up to evaluate the application of Phytohemagglutinin (PHA)-induced
peripheral blood culture based cytogenetic analysis (Karyotyping) in
diagnosis and Imatinib treatment monitoring of the Chronic Phase
CML patients of Kashmir region (North India). Furthermore, we
resorted to quantitative molecular analysis (q-PCR) to authenticate
the cytogenetic response as it correlates well with the cytogenetic
assessment as a 2-log reduction in transcripts (to 1% from baseline)
broadly equates with a CCyR, and a 1-log reduction (to 10% from
baseline) equating to a MCyR [25].

In our study, we found that adding PHA to this technique and
doing it on the peripheral blood showed good promise of serving as a
reliable alternative to the conventional PHA-free cytogenetics as there
was a marked improvement in terms of the quality of the metaphases
generated with PHA-induced cultures of peripheral blood (Figures 1 and
3). Even though the number of metaphases with marker translocation
might be lesser than in conventional bone marrow cytogenetics, the
PHA-induced peripheral blood metaphases, however, yielded healthy
and prominently spread out chromosomes, which made the analysis
less taxing and dependable [24].

It is important to note that our primary objective has been to
emphasize the utility of the technique used by us for cytogenetics rather
than the comprehensive evaluation of Imatinib treatment. Accordingly,
we restricted the follow-up duration to 3 and 6 months only as that was
enough to yield a fair idea about the working of the technique under
evaluation. This is also in consonance with the European Leukemia-
Net recommendations of 2013 for the management of chronic myeloid
leukemia, which recommends the follow-up cytogenetics at 3, 6 and
12 months as a valid response assessment option to follow Imatinib
treatment. It endorses that Partial Cytogenetic Response (PCyR) at 3
months and Complete Cytogenetic Response (CCyR) from 6 months
onward define optimal response, whereas no response (Philadelphia
chromosome-positive cells >95%) at 3 months, less than PCyR at 6
months, and less than CCyR from 12 months onward define failure
[26], which further vindicates the follow-up duration modality adopted
by us. Besides, Hagop M. Kantarjian et al. [27] reported that those
receiving Imatinib mesylate had higher incidences of complete and
major cytogenetic responses at 3 months, 6 months and 9 months
compared to those on different Interferon regimens and recorded
Major cytogenetic response- MCyR (CCyR+PCyR) in 90% and CCyR

in 72% of patients at the median follow-up of 9 months, which is in
considerable agreement with our report of MCR in 90% and CCR in
83.3% of patients at the follow-up of 6 months.

The second follow-up karyotyping of the patients (05 of 30) who
didn’t initially show any cytogenetic response and were subjected
to dose escalation of 800 mg of daily Imatinib manifested response
improvement in 02 of 05 cases (40%) that graduated to the partial
cytogenetic response from no cytogenetic response, while as the rest
03 of 05 (60%) cases retained their Philadelphia positive status. Similar
results were also found in yet another study conducted by Kantarjian
et al. where partial cytogenetic response was observed in 2 of the 20
resistant cases and the rest cases did not respond to dose escalation
[28]. Such a scenario could be attributed to the phenomenon of
Imatinib resistance, which may be the BCR-ABL independent type or
the BCR-ABL dependent type or a combination of both. The response
improvement in 02 of 05 cases upon dose escalation could be explained
as a case of BCR-ABL independent Imatinib resistance, wherein the
enhanced dosage of the drug has probably taken care of the inter-
individual variability in pharmacokinetics and dynamics of the druge.g.
the role of drug transporters (ABCB1-ABCG2) is one of specific causes
of Imatinib resistance, since it can be effluxed through MDR1 (ABCB1)
transporters [29]. In addition multiple mechanisms of resistance have
been implicated in Imatinib mesylate therapy; these include clonal
evolution, point mutations, and overexpression and amplification of
Ber/Abl. - Similarly, the lack of treatment response in case of the 03 of
the 05 cases could well be the case of BCR-ABL dependent Imatinib
resistance e.g. the Kinase domain mutations in the BCR-ABL fusion
gene are implicated in approximately 50% of Imatinib-resistant patients
[30], which are refractory to even dose escalations of Imatinib. Further,
we did not find any significant difference in molecular or cytogenetic
response to Imatinib treatment with respect to gender or age.

Conclusion

The PHA-induced/stimulated peripheral blood cytogenetic analysis
correlated remarkably well with the clinical status of the patients
concerned, thereby exhibiting its significant role as a valid means for
the diagnosis as well as the periodic follow-up monitoring of patients
on Imatinib treatment.
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