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Abstract

Genetic aberrations linked to tumorigenesis have been identified in both canine and human
hematopoietic malignancies. While the response of human patients to cancer treatments is often
evaluated using cytogenetic techniques, this approach has not been used for dogs with comparable
neoplasias. The aim of this study was to demonstrate the applicability of cytogenetic techniques to
evaluate the cytogenetic response of canine leukemia to chemotherapy. Cytology and flow
cytometric techniques were used to diagnose chronic myelomonocytic leukemia in a dog. High-
resolution oligonucleotide array comparative genomic hybridization (oaCGH) and multicolor
fluorescence in situ hybridization (FISH) were performed to identify and characterize DNA copy
number aberrations (CNAs) and targeted structural chromosome aberrations in peripheral blood
WBC at the time of diagnosis and following one week of chemotherapy. At the time of diagnosis,
0aCGH indicated the presence of 22 distinct CNAs, of which trisomy of dog chromosome 7 (CFA
7) was the most evident. FISH analysis revealed that this CNA was present in 42% of leukemic
cells; in addition, a breakpoint cluster region-Abelson murine leukemia viral oncogene homolog
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(BCR-ABL) translocation was evident in 17.3% of cells. After one week of treatment, the
percentage of cells affected by trisomy of CFA7 and BCR-ABL translocation was reduced to 2%
and 3.3%, respectively. Chromosome aberrations in canine leukemic cells may be monitored by
molecular cytogenetic techniques to demonstrate cytogenetic remission following treatment.
Further understanding of the genetic aberrations involved in canine leukemia may be crucial to
improve treatment protocols.
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Case Presentation

A 12-year-old neutered mixed-breed male dog was presented with stiffness, right forelimb
lameness, and neck pain to Freshwater Veterinary Hospital, Enfield, CT. Tests for Lyme
disease, anaplasmosis, ehrlichiosis, and heartworm disease were all negative (SNAP 4Dx
Plus Test; IDEXX Laboratories, Inc., Westbrook, ME, USA). At presentation, the
submandibular lymph nodes were slightly enlarged and firm. Initial empirical treatment
included a nonsteroidal anti-inflammatory drug (Rimadyl 50 mg, 2 mg/kg twice a day) and
antimicrobial therapy (Doxycycline 150 mg, 6 mg/kg twice a day), with minimal
improvement of the right forelimb lameness.

Three weeks later, the dog had a decreased appetite and showed intermittent vomiting. All
lymph nodes were still slightly enlarged and firm, no cytologic examination was performed.
Radiographic examination of the thorax and all affected limbs revealed no abnormalities. A
CBC (Antech Diagnostics, Lake Success, NY, USA) indicated a normocytic, normochromic
anemia (HCT 25%, Reference Interval [RI] 36-60%; Hemoglobin = 15.8, Rl 12.1-20.3
g/dL; RBC = 3.46, Rl 4.8-9.3 106/uL; MCV = 72, Rl 58-79 fL; MCH = 25.1, Rl 19-28 pg;
MCHC = 34.8, Rl 30-38 g/dL) and an absolute leukocytosis (69,700/uL, Rl 6000—
17,000/uL) due moderate neutrophilia (20,213/uL, Rl 3000-11,400/uL) with a marked left
shift (2788/uL RI 0-300/puL) and severe monocytosis (41,820/uL, Rl 150-1350/uL; Table
1). Blood smears revealed moderate anisocytosis and anisokaryosis and confirmed the
presence of large numbers of round cells that resembled immature monocytes (Figure 1).
These cells had elongated oval, reniform, or irregularly lobulated nuclei that were
approximately 2-3 red cells in diameter and had abundant, finely granulated basophilic
cytoplasm, which occasionally contained small clear vacuoles. These cells exhibited several
criteria of malignancy, including multiple prominent nucleoli, and anisocytosis and
anisokaryosis. In addition, dysplastic features in the neutrophil series were observed, such as
donut-shaped nuclei, and giant metamyelocytes and bands. The morphologic characteristics
together with the marked monocytosis (Table 1) were consistent with the presumptive
hematologic diagnosis of chronic myelomonocytic leukemia (CMML).! Bone marrow was
not assessed.

Leukemic cells (ie, peripheral blood mononuclear cells, PBMCs) were isolated from a blood
sample using Ficoll and stained for flow cytometric analysis as described elsewhere
(Appendix S1).2 Flow cytometric analysis (Becton Dickinson LSR 11 flow cytometer; BD
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Biosciences, San Jose, CA, USA) showed a relatively uniform population of cells with
regard to size (forward angle light scatter) and granularity (right angle or side scatter),
consistent with monocytes (Figure 2A). The cells expressed the panleukocyte antigen CD45
and > 97% of them were negative for CD34, suggesting a monomorphic neoplastic
population (Figure 2B). This was further supported by the expression of the myeloid
differentiation antigen CD11b (Figure 2C), with approximately 60% at low levels
(CD11bd4im population) and another 15% at higher levels (CD11bintermediate gnq
CD11hbP"i9hty - Approximately 25% of the cells coexpressed CD11b and CD4, which is
characteristic of mature canine neutrophils (Figure 2C). About 50% of the cells also showed
robust expression of the monocytic differentiation antigen CD14 (Figure 2D). Only a few
lymphocytes (< 5%) that expressed lymphoid differentiation antigens, such as CD4 (without
CD11b and CD14), CD5, CD8, and CD21, were observed. Altogether, the
immunophenotyping data showed that the affected dog's PBMCs expressed a mixture of
granulocytic and monocytic cell markers at various stages of differentiation with a
negligible population of CD34+ blast cells, consistent with a diagnosis of CMML.
Treatment was initiated with 0.6 mg Vincristine 1V (0.7 mg/m?2), and 50 mg (2 mg/kg) oral
prednisone once a day.

One week later, the dog was eating well and no longer vomiting. A CBC revealed
nonregenerative anemia (hematocrit 25.3%, Rl 36—-60%; 0.4% reticulocytes) moderate
leukopenia (3770/uL, Rl 6000-17,000/uL) due to marked neutropenia (720/uL, Rl 3000-
11,400/uL), mild monocytosis (1780/uL, Rl 150-1350/uL), and mild thrombocytopenia
(148,000/pL, R1 170,000-400,000, Table 1).

Oligonucleotide array comparative genomic hybridization (0aCGH) was performed using
Sure Print G3 Canine Genome 180K microarrays (Agilent Technologies, Santa Clara, CA,
USA), which contain 171,534 coding and noncoding 60-mer oligonucleotide sequences
spaced at approximately 13 kb intervals. DNA from cryopreserved PBMCs sampled before
treatment was isolated using a DNeasy Blood & Tissue Kit (QIAGEN, Inc., Valencia, CA,
USA). A sex-matched equimolar pool of genomic DNA from 16 healthy dogs (8 different
breeds, 2 of each breed) was used as the reference to prevent detection of natural
constitutional copy number variations. Oligonucleotide array CGH (Appendices S2, S3) of
the leukemic cell DNA sample revealed 22 regions of copy number aberrations (CNAS) on
13 chromosomes, including 7 gains ranging in size from 49 kb to 80 Mb, and 15 losses
ranging in size from 31 kb to 1.9 Mb (Figure 3A). The most apparent aberration in the whole
genome profile was a gain of 5951 contiguous probes covering the entire length of dog
chromosome 7 (Canis familiaris [CFA] 7; Figure 3A). The average log ratio across these
probes was 0.31.

To verify key aberrations indicated by caCGH and identify targeted structural changes,
multicolor fluorescence in situ hybridization (FISH) was performed as described previously
(Appendix S4)3 using PBMCs from heparinized peripheral blood drawn from the dog prior
to the first dose of vincristine and 7 days after chemotherapy. In addition, cell nuclei from
clinically healthy dogs (n = 10) were assessed in each reaction to verify the precise
chromosomal location of each clone (Figure 3H) and to confirm that each had a copy
number of 2. To verify and quantify gain of CFA 7, 9 bacterial artificial chromosome (BAC)
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probes were tiled along CFA 7 at ~10 Mb intervals in 2 separate multicolor FISH reactions;
group 1 comprised the most proximal 5 probes and group 2 comprised the 5 most distal
probes, with the middle probe overlapping between the 2 reactions (Figure 3D). Trisomy of
CFA 7 was identified in 42-44% of cells. Of the 21 other CNAs in the pretreatment data,
only 7 were large enough (> 200 kb) to contain an entire BAC clone. Four of these regions
were selected for assessment by FISH; 3 copy number losses located at CFA 6: 48.2-50 Mb
(logy ratio —0.30), CFA 20: 59.9-60.1 Mb (log, ratio —0.22), and CFA 24: 49.2-49.9 Mb
(logy ratio —0.25), and one copy number gain located at CFA 20: 19.2-19.4 Mb (log, ratio
0.54, Figure 3A) were found. The copy number status obtained from FISH analysis of each
of the regions verified array results (Figure 3J,K). The probe representing the region at 19.2
Mb on CFA 20 (colored yellow in Figures 3H-K) resulted in a signal of more intensity than
normal in normal canine DNA (Figures 3J,K), suggesting a tandem duplication of the
respective sequence in the leukemic cells. Likewise, the other 3 regions were found to have
hemizygous deletions.

The presence of the Raleigh chromosome, ie, colocalization of the breakpoint cluster region
and Abelson murine leukemia viral oncogene homolog (BCR-ABL) and other targeted
aberrations were simultaneously assessed with 2 5-color FISH reactions on PBMCs
collected prior to chemotherapy and cells from control dogs. The first probe set comprised
differentially labeled BAC clones representing breast cancer 1 (BRCA1) and ABL on CFA 9
and BCR, phosphatase and tensin homolog (PTEN), and a telomeric single locus probe
(SLP) on CFA 26 (Figure 4). The second probe set comprised 5 probes that tile the proximal
half of CFA 22, including a BAC representing retinoblastoma 1 (RB1) (Figure 5). When
hybridized to interphase nuclei of cells from healthy dogs (n = 10), all probes used revealed
a copy number of 2 and mapped uniquely to the correct chromosomal location (Figures
4A,B,C and 5A,B,C). Examples of the hybridization patterns of these 2 probe sets in
interphase nuclei of leukemic cells of the dog presented in this report are shown in Figures
4D—-H and 5D-H. The number of cells containing aberrations involving these probes is
presented in Table 2. Essentially, 39.3% (59/150) of scored cells had one or more
aberrations involving the BACs used. Colocalization of BCR and ABL (indicating the
presence of the Raleigh chromosome) was evident in 17.3% (26/150) of the cells. Deletions
of BRCA1 and PTEN were also present (Figure 4D—H), as was a heterozygous deletion of
RB1 (Figure 5D-H).

Oligonucleotide array CGH analysis of DNA isolated from PBMCs sampled one week
following chemotherapy identified 14 aberrant regions on 11 chromosomes comprised of 5
gains (range 49-757 kb) and 9 losses (range 45 kb—1.9 Mb), including 12 regions
maintained from before treatment (Figure 3B). A subtle increase in copy number of CFA 7
was evident on the whole genome profile (Figure 3B), but was not statistically significant
(Figures 3B,C). Two regions were identified that were not determined to be aberrant prior to
treatment, a 757 kb gain at CFA 9q14 and a 1.2 Mb loss at CFA 26g24. FISH was
performed on interphase nuclei from PBMCs obtained one week following chemotherapy to
evaluate all regions assessed in pretreatment cells. Differences in the frequency of
aberrations in pretreatment and posttreatment cells were analyzed using Fisher's exact test.
FISH analysis revealed a decrease of 10-20 fold in the percentage of cells with trisomy 7,
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which was statistically significant when compared with day one results (Table 2). Of the
other 4 0aCGH regions targeted by FISH, only the gain on CFA 20 showed a significant
difference compared with the pretreatment status. Overall, cells at 7 days treatment
presented with significant decreases in the proportion of targeted aberrations, including
BCR-ABL translocation, and PTEN and RB1 deletions (Table 2). While the other 4 probes on
CFA22 were deleted in 1-3 cells each, these losses did not deviate significantly from
controls, indicating that the deletion of CFA22 was focused on the region containingRB1.

The prednisone dose was lowered to 40 mg (1.6 mg/kg) once a day for the second treatment
week, at the end of which the CBC was characterized by an inefficient regenerative
erythropoietic response with a stable hematocrit at 25.4% and 33 nucleated red blood
cells/IL (Table 1). WBC counts were within the RI, but marked monocytosis (4485/uL, RI
150-1350) persisted. The lymph nodes appeared a little softer and less prominent. The
prednisone dose was reduced to 25 mg (1 mg/kg) orally once a day for the third treatment
week. At the end of the third treatment week (ie, 2 weeks following initial treatment with
vincristine), hydroxyurea therapy was initiated at 1200 mg (50 mg/kg) 3 times a week. The
dog continued to improve clinically, although it remained mildly anemic (Hematocrit
27.4%). At 4 weeks after initial presentation, the WBC count slowly increased to 22,200/uL
due to a persistent moderate monocytosis (2530/pL, R1150-1350). Aweek later, the dog
suffered a relapse of leukemia (WBC count of 106,700/uL) characterized by severe
monocytosis (59,752/uL) and a large number (34,144/uL) of intermediate-to-large atypical
mononuclear cells as per the hematology instrument classification and confirmed in a
differential count by a board-certified clinical pathologist. The dog received another dose of
0.63 mg vincristine (0.71 mg/m?) intravenously, prednisoneat 50 mg (2 mg/kg) once a day,
500 mg (19 mg/kg) amoxicillin twice a day, and 112.5 mg (4.2 mg/kg) marbofloxacin once
a day, while the hydroxyurea was discontinued. Despite treatment efforts, the dog continued
to deteriorate and was humanely euthanized 6 days later. At that time, a full CBC was not
performed, but a manual hematocrit was 10%, and there was an impressive buffy coat
comprising 15% of the microhematocrit tube (usually < 1%). Additional samples for
cytogenetic analysis were not available.

Discussion

Since 2005, a high-quality genome sequence of the domestic dog is available.* Tools
accompanying the genome assembly have become helpful genomic resources and allow the
definition of genetic abnormalities in a variety of canine diseases, including hematopoietic
neoplasias; it is hoped that this would lead to the identification of new therapeutic
approaches in veterinary medicine.>8 Chromosome aberrations associated with human
neoplasias have also been identified in dogs using FISH and 0aCGH.”:8 The BCR-ABL
fusion gene is evolutionarily conserved in canine chronic myeloid leukemia (CML). Termed
the “Raleigh” chromosome, it has been identified using multicolor FISH, not only in several
cases of canine CML,2 but also in one case of canine chronic monocytic leukemia (CMoL)°
and in one case of canine acute myeloid leukemia.10 In people, CML is a myeloproliferative
disease characterized by uncontrolled proliferation of granulocytes and the presence of the
Philadelphia chromosome. The latter results from a reciprocal translocation between human
chromosomes 9 and 22, designated t (9;22)(q34;q11). This aberration juxtaposes the BCR
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gene to the gene encoding the nonreceptor tyrosine kinase ABL,1112 resulting in the
generation of a 210-kD chimeric BCR-ABL fusion protein (p210) with constitutive tyrosine
kinase activity. Treatment of CML with the tyrosine kinase inhibitor (TKI) imatinib
mesylate (Gleevec), results in significant improvement of outcomes of CML patients (some
response in 96% of CML patients in the chronic phase, complete cytogenetic response in
57% at a median time of 8.3 months).13:14 In long-term studies, 41% of patients show a
complete cytogenetic response (0% BCR-ABL-positive cells assessed via conventional
cytogenetics) after 5 years with continuous imatinib treatment. The progression to
accelerated phase was delayed in 61% of patients, and progression to blast phase was
delayed in 76% of patients.® In contrast, the BCR-ABL fusion is rarely seen in human
CMML and when present, the disease pattern seems to be intermediate between CML and
CMML.16 The disease is marked by monocytosis and some left-shifting of granulocytes in
the peripheral blood, which can progress to blast phase quickly and generally has a poor
prognosis.’

While conventional cytogenetics is still considered a reliable method for detecting and
monitoring the presence of BCR-ABL, FISH allows for analysis of a much greater cell count
than the 20 metaphases evaluated in conventional practices and can be performed using
samples of peripheral blood as well as bone marrow. Traditionally, only 2 single locus
probes were used, one for BCR and one for ABL, which resulted in up to 10% false
positives.18 Using multiple probes and counting a larger number of cells has reduced the
number of false positives to < 5%.18 Recently, FISH has been incorporated into the
monitoring standard procedures of human studies on the effectiveness of TKIs in addition to
conventional cytogenetics.1® Reverse-transcriptase PCR (RT-PCR), and more specifically
real-time RT-PCR, has recently been developed to quantitatively determine the BCR-ABL
transformation. The high sensitivity allows the detection of very low levels of residual
disease.18

In this case, a dog was diagnosed with CMML, a rarely reported canine myeloproliferative
disease, 2 based on conventional hematologic and cytologic techniques, and flow cytometric
analysis. A genome-wide assessment of DNA copy number aberrations was performed on
the leukemic cells by cytogenetic techniques prior to and after one week of chemotherapy,
documenting the treatment-related elimination of neoplastic cells with cytogenetic
mutations, including the Raleigh chromosome. This provides evidence that cytogenetic
techniques can assist clinical assessment in the evaluation of a therapeutic response.

High-resolution 0aCGH of DNA isolated from cells at the time of diagnosis revealed the
presence of trisomy CFA 7, which was verified by FISH analysis. CFA 7 (~84 Mb) is
evolutionarily conserved with segments of human chromosome (HSA) 1qg and various
sections of HSA 18.21 We have observed gain of CFA 7 also in ~10% of dogs with
leukemia (Culver, unpublished data), which is orthologous to reported recurrent gain of
HSA 1025-¢32 in human CML.22 This region of CFA 7 is also conserved with regions of
mouse chromosomes (MMU) 1 and 3, both of which have been reported to be trisomic in
murine models of induced myeloid leukemia.23-24 Data from all 3 species suggest that there
may be a conserved pathogenic mechanism linked with genome organization in these shared
regions. The 31 Mb region of CFA 7 that is evolutionarily conserved with HSA 1g25-932
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contains hundreds of genes. Candidate genes for this region have been previously listed,2>
but it is beyond the scope of this report to speculate on their involvement in this dog's
leukemia.

RB1 deletion is present in approximately 50% of human chronic lymphocytic leukemias.!
Loss of RB1 has also been linked to neoplastic transformation in human retinoblastoma,
osteogenic sarcoma, breast carcinoma, and small-cell lung cancer. It is associated with cell
cycle control and has been suggested to play a role in the oncogenesis of certain hematologic
malignancies.2® Deletion of RB1 has been documented previously in human patients with
CMML.26’27

In this case of canine CMML, we assessed colocalization of fluorescently labeled BAC
clones containing BCR and ABL as well as copy number status of RB. BCR-ABL
colocalization was recorded in 17.3% of pretreatment cells and deletion of RB1 was evident
in 10.6% of pretreated cells. Posttreatment, the proportion of cells with these 2 cytogenetic
aberrations had decreased significantly, BCR-ABL to 3.3% of cells, and RB1 deletion to 0%.
As these 2 aberrations were assessed independently, it is not possible from this study to
determine if the aberrations were present simultaneously in the same cells. Interestingly, the
presence of the BCR-ABL translocation would suggest a CML according to the most recent
WHO classifications in people.l Human CML treated with vincristine and prednisone results
in complete or partial hematologic remission in only 30% of patients, with the Philadelphia
chromosome remaining present throughout the course of disease.?8 Human CMML treated
with vincristine and prednisone results in a rapid decrease in circulating WBC counts
followed by remission to a normal leukogram lasting for 2-5 months.2° The dog presented
here showed a partial hematologic response with Raleigh chromosome-positive cells
remaining after treatment.

To our knowledge, this is the first time that a treatment response has been documented by
molecular cytogenetic techniques in a domestic animal with spontaneous cancer. This case
report shows that molecular techniques, including flow cytometry, high-resolution 0aCGH,
and FISH can be of additional value in characterizing, diagnosing, and potentially
monitoring canine CMML and treatment effects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Peripheral blood smears from a dog with chronic myelomonocytic leukemia. Wright—

Giemsa stain, x100 objective. (A) Blood sampled prior to treatment. Note the increased
numbers of atypical monocytoid cells (arrow heads), the nuclei of which have atypical
nuclear contour and chromatin patterns, and prominent nucleoli. Note immature cells in the
neutrophil series (large metamyelocyte and band neutrophil, arrows). (B) Blood sampled one
week after chemotherapy. Note the presence of large atypical monocytoid cells as well as
smaller mature monocytes. (C) Faint magenta granules can be observed in the cytoplasm of
the central large atypical monocytoid cell.
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Flow cytometric analysis of peripheral blood mononuclear cells (PBMCs) from a dog with
chronic myelomonocytic leukemia prior to treatment. 7-AAD-positive dead cells were
excluded from the analysis. PBMCs were gated based on forward and side scatter
characteristics. Labels on the x- and y-axis indicate the respective anti-CD antibodies used

for staining of the cells.
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Figure 3.
Oligo array comparative genomic hybridization (0aCGH) and fluorescence in situ

hybridization (FISH) verification of peripheral blood mononuclear cells from a dog with
chronic myelomonocytic leukemia. (A) Genomic profile of 0aCGH of pretreatment DNA
viewed at 100 kb window. Dash marks above and below the profile indicate regions of copy
number aberration as determined by the ADM-2 algorithm. Arrowheads indicate regions
further verified by FISH analysis. (B) Genomic profile of 0aCGH of posttreatment DNA
viewed at 100 kb window. Dash marks above and below the profile indicate regions of copy
number aberration as determined by the ADM-2 algorithm. (C) Aberration summary of
Canisfamiliaris (CFA) 7 from 0aCGH corresponding to pretreatment (A) and posttreatment
(B) DNA. Light red shading indicates copy number gain and light green shading indicates
copy number loss (not evident). (D) Tiling of CFA 7 with bacterial artificial chromosome
(BAC) clones at a 10-Mb interval (362E04,126M10, 182C02, 335A22, 326012, 029J03,
334P01, 332H21, and 122121). (E) Interphase nuclei from control dog showing BAC clones
for proximal end of CFA 7 with normal copy number of two. (F) and (G) Trisomy of CFA 7
in interphase nuclei from a leukemic cell. (H) Localization of BAC clones to verify other
0aCGH copy number changes; red (307106) at 49 Mb on CFA 6, yellow (215F17) and aqua
(136N17) at 19 Mb and 60 Mb, respectively, on CFA 20, and green (182B05) at 49 Mb on
CFA 24. () Interphase nuclei from a control dog showing array verification BAC clones
with normal copy number of 2. (J) Interphase nuclei from a leukemic cell showing
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hemizygous deletion of aqua and green, and gain of yellow. (K) Interphase nuclei from a
leukemic cell showing hemizygous deletion of red, aqua, and gain of yellow.
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Figure 4.
Fluorescence in situ hybridization of Canis familiaris (CFA) 9 and CFA 26. A—C Control

dog (A) Metaphase spread showing localization of fluorescently labeled bacterial artificial
chromosome (BACS) clones. (B) Ideogram showing accurate location of BAC clones. (C)
Interphase nuclei. D-H Dog with chronic myelomonocytic leukemia, peripheral blood
mononuclear cells collected prior to treatment, note breakpoint cluster region (BCR; labeled
green; 486K17) and Abelson murine leukemia (ABL; labeled yellow; 326F17)
colocalization (D, F) and deletions of breast cancer 1 (BRCAL; labeled pink; 074A02) (D, F,
G), phosphatase and tensin homolog (PTEN; labeled red; 521G14) (D, E, H), ABL (yellow)
(E, F), BCR (green) (E, G), and telomeric single locus probe (light blue; 191C19) (D, E, F,
G, H).
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Figure 5.
Fluorescence in situ hybridization (FISH) of Canis familiaris (CFA) 22. A-C Control dog

CFA (A) Interphase nuclei. (B) Metaphase spread. (C) Zoomed view showing probe
placement and order. D-H Dog with chronic myelomonocytic leukemia, peripheral blood
mononuclear cells prior to treatment. Note retinoblastoma 1 (RB1; yellow; 521E11) deletion
in addition to other deletions.
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Table 2

Fluorescence in situ hybridization verification of oligonucleotide array comparative genomic hybridization
(0aCGH) and targeted structural aberrations in interphase nuclei of peripheral blood mononuclear cells from a
dog with chronic myelomonocytic leukemia prior to (day 1) and one week after vincristine and prednisone
therapy (day 7).

Affected Cells

Day 1 (Pretreatment) Day 7 (Posttreatment) P-Value

Locus in Array Verification

CFA 7 — Gain of Proximal Five BACs 42% (21/50) 2% (1/50) 9.4x 107"
CFA7 — Gain of Distal Five BACs 44% (22/50) 4% (2/50) 2.8x 106"
CFA 6 (48.2 Mb) Deletion 16% (8/50) 10% (5/50) 055
CFA 20 (19.2 Mb) Gain 44% (22/50) 12% (6/50) 6.7 x 10-4*
CFA 20 (59.9 Mb) Deletion 12% (6/50) 8% (4/50) 0.74
CFA 24 (49.2 Mb) Deletion 10% (5/50) 18% (9/50) 0.38
Targeted Aberrations

Total 39.3% (59/150) 14.6% (22/150) 2.1 x 10°6°**
BCR-ABL Translocation 17.3% (26/150) 3.3% (5/150) 8.6 x 105" **
PTEN Deletion 9.3% (14/150) 2% (3/150) 1.0 x 1072
BRCAL Deletion 8.7% (13/150) 5.3% (8/150) 0.37
RB1 Deletion 10.6% (16/150) 0% (0/0) 2.0x%x 105"

Data are percentages (absolute number per total number investigated).

*
P<.01,

*

P <.001,

* %

P <.0001.

CFA indicates Canis familiaris; BAC, bacterial artificial chromosome; BCR-ABL, breakpoint cluster region and Abelson murine leukemia viral
oncogene homolog; PTEN, phosphatase and tensin homolog; BRCAL, breast cancer 1; RB1, retinoblastoma 1.
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