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BACKGROUND: The human immunoglobulin heavy-chain (IGH) locus at chromosome 14q32 is frequently involved in dif-

ferent translocations of non-Hodgkin lymphoma (NHL), and the detection of any breakage involving the IGH locus should

identify a B-cell NHL. The split-signal IGH fluorescence in situ hybridization-chromogenic in situ hybridization (FISH-CISH)

DNA probe is a mixture of 2 fluorochrome-labeled DNAs: a green one that binds the telomeric segment and a red one

that binds the centromeric segment, both on the IGH breakpoint. In the current study, the authors tested the capability of

the IGH FISH-CISH DNA probe to detect IGH translocations and diagnose B-cell lymphoproliferative processes on cyto-

logical samples. METHODS: Fifty cytological specimens from cases of lymphoproliferative processes were tested using

the split-signal IGH FISH-CISH DNA probe and the results were compared with light-chain assessment by flow cytometry

(FC), IGH status was tested by polymerase chain reaction (PCR), and clinicohistological data. RESULTS: The signal score

produced comparable results on FISH and CISH analysis and detected 29 positive, 15 negative, and 6 inadequate cases;

there were 29 true-positive cases (66%), 9 true-negative cases (20%), 6 false-negative cases (14%), and no false-positive

cases (0%). Comparing the sensitivity of the IGH FISH-CISH DNA split probe with FC and PCR, the highest sensitivity was

obtained by FC, followed by FISH-CISH and PCR. CONCLUSIONS: The split-signal IGH FISH-CISH DNA probe is effective

in detecting any translocation involving the IGH locus. This probe can be used on different samples from different B-cell

lymphoproliferative processes, although it is not useful for classifying specific entities. Cancer (Cancer Cytopathol)

2012;120:390-400. VC 2012 American Cancer Society.
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INTRODUCTION

Currently, fine-needle cytology (FNC) is used successfully in the diagnosis and classification of non-Hodg-
kin lymphoma (NHL). Many laboratories have achieved high levels of diagnostic efficacy in the cytological
diagnosis and classification of NHL, combining cytological features, phenotype, and molecular data
obtained by immunocytochemistry, flow cytometry (FC), polymerase chain reaction (PCR), and fluores-
cence in situ hybridization (FISH).1-17
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From this perspective, ancillary techniques can

assess clonality, demonstrating light-chain restriction or

specific phenotyping profiles by FC, and detect the im-

munoglobulin heavy-chain (IGH) or T-cell receptor rear-

rangements by PCR. With regard to FISH, the probes

used for the identification of specific translocations are

also able to indicate clonality. FISH is generally used, after

FNC/FC, in the differential diagnoses of ambiguous

cases, such as small lymphocytic lymphoma/chronic lym-

phocytic leukemia (SLL/CLL) versus mantle cell lym-

phoma (MCL), which share the coexpression of cluster of

differentiation (CD) 5/CD19, or to confirm a specific

subtype (eg, Burkitt lymphoma [BL]) by the IGH/MYC/

CEP8 fusion probe to detect the t(8;14) chromosome

translocation.10-17 The human IGH locus at chromosome

14q32 is most frequently involved in different NHL

translocations (Fig. 1) (Table 1).18-26 Therefore, the

detection of any breakage involving the IGH locus at

chromosome 14q32 should identify a B-cell NHL inde-

pendently of the specific subtype. The split-signal IGH

FISH-CISH DNA probe is a mixture of 2 fluorochrome-

labeled DNAs: a green fluorescein-labeled DNA probe

(IGH-Flu) that binds to a 612-kilobase (kb) segment telo-

meric, and a red-labeled DNA probe (IGH-TR) that binds

to a 460-kb segment centromeric, both to the IGH break-

point. Therefore, the split-signal IGH FISH-CISH DNA

probe should detect any translocation involving the IGH

locus at chromosome 14q32, assessing the clonality of the

corresponding processes (Figs. 1c and 1d). The objective

of the current study was to evaluate the performance char-

acteristics of the IGH FISH-CISHDNA probe split signal

in assessing B-cell lymphoproliferative processes on cyto-

logical samples. To the best of our knowledge, this is the

first study that investigates the application of the IGH

FISH-CISH DNA probe on cytological samples of B-cell

lymphoproliferative processes.

FIGURE 1. (a) A graphic representation of the immunoglobulin heavy-chain (IGH) locus hybridized with the split-signal IGH fluo-

rescence in situ (FISH) DNA probe is shown. The green-labeled DNA probe (IGH-Flu) binds the 612-kilobase (kb) telomeric seg-

ment and the red-labeled DNA probe (IGH-TR) binds the 460-kb centromeric segment, generating a fusion signal (yellow). LSI

indicates locus specific indicator. (b) The IGH breakpoint with translocation of 1 segment generating a split signal (red and green)

independent of the corresponding chromosomal partners is shown. FL indicates follicular lymphoma; DLBCL, diffuse large B-cell

lymphoma; MZL, marginal zone B-cell lymphoma (10%); MCL, mantle cell lymphoma; BL, Burkitt lymphoma; LPL, lymphoplasma-

cytic lymphoma; SLL/CLL, small lymphocytic lymphoma/chronic lymphocytic leukemia; MM, multiple myeloma. (c) FISH evidence

of IGH assessment by the split-signal IGH FISH DNA probe is shown. The long arrows indicate fusion signals and the short arrows

indicate split signals. (d) Chromogenic in situ hybridization (CISH) revelation of the IGH FISH DNA probe split signals is shown.

Blue signals reveal the green-labeled DNA probe (IGH-Flu) and the red signals indicate the red-labeled DNA probe (IGH-TR). The

long arrows indicate fusion signals and the short arrows indicate split signals.
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MATERIALS AND METHODS

Fifty consecutive cytological samples of lymphoprolifera-

tive processes were collected at the Department of Bio-

morphological and Functional Science of the Federico II

University in Naples, Italy during a 10-month period

between September 2010 and June 2011. The series

included mainly specimens of lymph nodes and extrano-

dal lymphoproliferative processes involving different sites

such as soft tissue or the orbit and obtained by FNC, as

well as effusions suspected to be lymphoproliferative proc-

esses. The study did not in any way influence patient man-

agement because all the necessary tests were performed

routinely. In those patients undergoing FNC, the diag-

nostic procedure and its related risks were discussed with

the patients beforehand, including the use of the data for

scientific purposes. Informed consent was obtained before

patient inclusion in the study and the FNC procedure was

then performed as previously described.5 In all cases, the

first pass was used to prepare 2 traditional smears. The

first was stained using the Diff-Quik technique and was

immediately examined to assess the adequacy of the sam-

ple and the second smear was fixed in 96% ethanol and

stained using the Papanicolaou method. The remaining

material left in the hub of the needle was carefully flushed

out with phosphate-buffered saline (PBS) solution and

added to a second pass. This material was used both for FC

assessment, performed as previously described,9 and to pre-

pare 1 or 2 air-dried cytospin preparations that were fixed in

96% ethanol for 1 minute and then stored at �20�C for

FISH-CISH analysis. Finally in 30 cases in which it was

possible, an additional pass was performed and suspended

in RNAlater (Life Technologies Corporation, Carlsbad,

Calif) to be used for PCR. This procedure is routinely per-

formed in the study laboratory to confirm FNC/FC diagno-

ses, mainly when no light-chain restriction is detected or

when histology or follow-up are not available. FNC/FC was

performed to assess whether the corresponding process was

reactive or lymphomatous at light-chain assessment, and for

the detection of specific phenotypic profiles, if any. Cases

diagnosed as NHL were then subclassified, whenever possi-

ble, by evaluating their cytological features and specific phe-

notypes, according to the most recent World Health

Organization classification.18

Three cases of Hodgkin lymphoma and 2 cases of

peripheral T-cell lymphoma were excluded from the cur-

rent study. Histology and follow-up were checked at the

time of the study by reviewing the former and subsequent

histological diagnoses, which were all confirmed by 2 of

the authors (P.Z. and I.C.).

FISH Assay

FISH analysis was performed on cytospin preparations

prepared from FNC suspension in PBS. The cell suspen-

sion was incubated with a lysant buffer for 5 minutes and

centrifuged for 8 minutes at 1800 revolutions per minute

(rpm). Cytospin preparations were then prepared for each

specimen by centrifuging at 500 rpm for 5 minutes and

fixing in 96% ethanol, and then stored at �20�C. At the

moment of the FISH assay, cytospin preparations were

balanced to ambient temperature, observed using a phase-

contrast microscope by 2 of the authors (R.G. and V.R.)

to confirm the adequacy of the samples, and then incu-

bated with 3.7% formaldehyde for 2 minutes at ambient

temperature. The FISH assay was performed using the

Cytology FISH Accessory Kit and IGH FISH DNA

Probe, Split signal (DakoCytomation, Glostrup, Den-

mark). The IGH FISH-CISH DNA probe with split sig-

nal is a mixture of 2 fluorochrome-labeled DNAs: a green

Table 1. Most Frequent Translocations Involving the IGH
Locus

NHL
Histotype

Translocation Percentage Study

FL t(14;18)(q32;q21) 70%-95% Swerdlow 200818

DLBCL t(14;18)(q32;q21) 30% Swerdlow 200818

DLBCL t(14;19)(q32;q12) 8% Nagel 200919

DLBCL t(3;14)(p14;q32) Rare Fenton 200620

SLL/CLL t(2;14)(p12;q32),

t(14;19)(q32;q13),

t(14;18)(q32;q21)

21% Cavazzini 200821

Aoun 200422

MCL t(11;14)(q13;q32) 75% Swerdlow 200818

BL t(8;14)(q24;q32) 75% Swerdlow 200818

lpl t(9;14)(p13;q32) 50% Swerdlow 200818

MZL t(9;14)(p13;q32) Rare Baro 200623

MZL t(14;18)(q32;q21) 10% Tsai 201024

MALT t(3;14)(p14;q32) 10% Streubel 200525

MM t(11;14)(q13;q32),

t(6;14)(p21;q32),

t(4;14)(p16;q32),

t(14;16)(q32;q23)

80%-90% Bergsagel 200126

Abbreviations: BL, Burkitt lymphoma; DLBCL, diffuse large B-cell lym-

phoma; FL, follicular lymphoma; IGH, immunoglobulin heavy-chain; lpl, lym-

phoplasmacytic lymphoma; MALT, mucosa-associated lymphoid tissue

lymphoma; MCL, mantle cell lymphoma; MM, multiple myeloma; MZL, mar-

ginal zone B-cell lymphoma; NHL, non-Hodgkin lymphoma; SLL/CLL, small

lymphocytic lymphoma/chronic lymphocytic leukemia.
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fluorescein-labeled DNA probe (IGH-Flu) that binds to a

612-kilobase (kb) segment telomeric and a red-labeled

DNA probe (IGH-TR) that binds to a 460-kb segment

centromeric, both to the IGH breakpoint. All cytospin

preparations were performed according to the manufac-

turer data sheet. Image acquisition was performed using a

fluorescence microscope (Olympus BX61; Olympus,

Center Valley, Pa) equipped with DAPI (40,6-diamidino-

2-phenylindole) and Texas Red/fluorescein isothiocya-

nate (FITC) filters with a Photometrics CCD camera

(Photometrics, Tucson, Ariz). Images were viewed more

closely using CytoVision software (version 3.93.2; Genus

Technologies, Minneapolis, Minn). A total of 200 nuclei

from each case were counted. The signal was scored if the

appropriate nucleus was intact and not overlapping

another one. Two signals separated by a distance less than

or equal to twice the diameter of a signal were scored as 1

signal. Cytospin preparations of proven reactive processes

and NHLs from former lymph node FNC samples were

used as negative and positive controls. With regard to the

diagnostic classification, according to the manufacturer’s

indications, cases in which > 10% of the counted nuclei

demonstrated split signals were considered to be positive.

The percentage of nuclei with split signals in positive cases

> 10%was then calculated and reported.

CISH Assay

The CISH assay was performed using the Dako DuoCISH

kit (DakoCytomation) on the cytospin preparations that

were already stained to observe, by bright field microscopy,

the dual-color chromogenic signals (red and blue signals)

achieved with the previous FISH assay. Briefly, cytospin

specimens for CISH staining were soaked twice in a fresh

Wash Buffer (WB) for 3 minutes, covered with 200 lL of

peroxidase block for 5 minutes, and washed twice in WB

for 3 minutes. Cytospin preparations were then covered

with 200 lL of CISH antibody mix, incubated for 30

minutes in a humid chamber, and washed twice in WB for

3 minutes. In the subsequent steps, cytospin preparations

were incubated with 200 lL of red chromogen solution for

10 minutes and then with 200 lL of blue chromogen solu-

tion for 10 minutes. Cytospin specimens were then stained

with hematoxylin (at a dilution of 1:5) for 5 minutes,

washed twice in WB, and air-dried at 37� on a StatSpin

ThermoBrite (Iris Sample Processing, Westwood, Mass). A

total of 200 nuclei from each case were counted. The signal

was scored according to the guidelines provided with the

IGH FISH-CISHDNA probe.

DNA Extraction and PCR Conditions

DNA was extracted from the cells obtained by FNC,

stored in RNAlater using a commercially available kit

(QIAamp DNA Mini Kit; Qiagen Inc, Valencia, Calif)

according to the manufacturer’s instructions, and resus-

pended in 40 lL of water (Ambion Nuclease-Free Water-

not DEPC-Treated; Life Technologies, Paisley, UK). The

quantity of extracted DNA was assessed using a Nano-

Drop 1000 spectrophotometer (Thermo Scientific, Wil-

mington, Del). PCR and analysis of PCR products were

performed using a BIOMED-2 protocol.27,28 We defined

a PCR result as positive when 2 of 3 framework-amplified

regions demonstrated a monoclonal pattern.28

RESULTS

The current series is comprised of 50 cases from 48 patients.

For 2 of these cases (cases 8-18 and cases 37-45), there were 2

samples from different anatomical sites that were taken at dif-

ferent times. The 48 patients included 25men and 23women,

with an age range of 23 to 86 years (median, 60.7 years). The

series was comprised of FNC samples obtained from 43

lymph nodes, 2 from soft tissue, 2 from orbital masses, and 3

from effusions (2 pleural and 1 peritoneal) suspected of NHL

involvement. The series included patients with a history of

NHL (11 patients) and those suspected to have NHL (39

patients). The clinical data are reported in Table 2.

Cytological and FC Results

Cytological features combined with the FC profile pro-

duced the following results: 37 positive results, 11 nega-

tive results, and 2 inadequate cases (Figs. 2a and 2b and 3a

and 3b). Positive cases were then subclassified by combin-

ing cytological features with FC data, and included 9 cases

of follicular lymphoma (FL), 8 cases of SLL/CLL, 5 cases

of diffuse large B-cell lymphoma (DLBCL), 5 cases of

MCL, 2 cases of marginal zone lymphoma (MZL), 8 cases

of NHL-not otherwise specified (NHL-NOS), and 11

cases of reactive hyperplasia (RH). Comparing the results

of the FNC/FC with the final diagnosis obtained by his-

tology and/or follow-up, there were 37 true-positive cases

(77%), 9 true-negative cases (19%), 2 false-negative cases

(4%), and 0 false-positive cases (0%). The statistical anal-

ysis indicated a 95% sensitivity and a 100% specificity.

IGH FISH-CISH on Cytological Samples/Zeppa et al
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Table 2. Clinical, Cytological, Flow Cytometry, FISH-CISH, and PCR Results of the Current Study

Case Age,
Years/Sex

Sample/Site FNC/FC FISH-CISH
(IGH-DNA Probe)

PCR Histology
or Follow-Up

1 68/Man Axillary LN FL (p) Positive (35%) þ FL (H)

2 61/Man Supraclavicular LN RH Negative - DLBCL (F)

3 56/Man Inguinal LN FL (p) Positive (30%) þ FL (H)

4 63/Woman Orbit SLL/CLL (p) Inadequate NP SLL/CLL (F)

5 79/Man Pleural effusion RH Negative - RH (F)

6 52/Woman Inguinal LN RH Negative (<10%) NP FL (F)

7 75/Man Submandibular LN DLBCL (p) Positive (90%) þ DLBCL (H)

8 75/Man Laterocervical LN SLL/CLL (p) Positive (15%) þ SLL/CLL (F)

9 25/Woman Laterocervical LN DLBCL (p) Inadequate þ DLBCL (H)

10 82/Woman Submandibular LN NHL-NOS (p) Positive (80%) þ DLBCL (H)

11 86/Woman Lomboaortic LN MZL (p) Positive (20%) NP MZL (H)

12 44/Man Pleural effusion RH Negative (<10%) NP RH (F)

13 74/Woman Soft tissue of arm NHL-NOS (r) Inadequate - FL (F)

14 45/Woman Inguinal LN FL Positive (40%) þ FL (F)

15 48/Woman Iliac LN Inadequate (p)
a

Inadequate NP DLBCL (F)

16 86/Woman Lomboaortic LN MZL (p) Positive (20%) þ MZL (H)

17 72/Woman Laterocervical LN MCL (p) Positive (40%) NP MCL (H)

18 75/Man Inguinal LN SLL/CLL (p) Positive (20%) - SLL/CLL (H)

19 42/Man Soft tissue of arm MCL (r) Positive (30%) NP MCL (H)

20 68/Woman Laterocervical LN SLL/CLL (p) Positive (40%) þ SLL/CLL (H)

21 46/Man Axillary LN NHL-NOS (r) Positive (98%) þ FL (F)

22 60/Woman Axillary LN NHL-NOS (r) Inadequate NP DLBCL (F)

23 69/Man Submandibular LN RH Negative (<10%) - RH (F)

24 79/Woman Iliac LN DLBCL (r) Positive (60%) NP DLBCL (F)

25 54/Man Inguinal LN FL (r) Positive (15%) - FL (F)

26 65/Man Inguinal LN DLBCL (r) Positive (30%) NP DLBCL (F)

27 81/Woman Axillary LN FL (p) Positive (20%) þ FL (F)

28 52/Man Inguinal LN RH Negative (<10%) - RH (F)

29 57/Man Supraclavicular LN FL (p) Positive (40%) þ FL (F)

30 59/Woman Inguinal LN DLBCL (r) Negative (<10%) þ DLBCL (F)

31 33/Man Inguinal LN RH Negative (<10%) - RH (F)

32 52/Man Laterocervical LN RH Negative (<10%) NP RH (F)

33 57/Man Supraclavicular LN FL (p) Positive (15%) NP FL (H)

34 56/Woman Peritoneal effusion RH Negative (<10%) - RH (F)

35 23/Woman Laterocervical LN RH Negative (<10%) NP RH (F)

36 82/Man Inguinal LN SLL/CLL (r) Positive (80%) NP SLL/CLL (F)

37 41/Woman Lomboaortic LN NHL-NOS (p) Positive (20%) þ FL (F)

38 53/Man Inguinal LN Inadequate
a

Positive (20%) NP FL (H)

39 56/Woman Supraclavicular LN MCL (p) Positive (95%) þ MCL (H)

40 64/Woman Submandibular LN SLL/CLL (p) Negative (<10%) NP SLL/CLL (F)

41 76/Man Axillary LN NHL-NOS (p) Inadequate þ NHL-NOS (H)

42 68/Woman Submandibular LN FL (p) Positive (15%) NP FL (H)

43 67/Man Orbit NHL-NOS (p) Positive (30%) NP NHL-NOS (F)

44 57/Man Laterocervical LN FL (r) Positive (50%) - FL (F)

45 41/Woman Iliac LN SLL/CLL (p) Positive (20%) - SLL/CLL (F)

46 50/Man Laterocervical LN RH Negative (<10%) - RH (F)

47 47/Woman Axillary LN MCL (p) Negative (<10%) þ MCL (H)

48 81/Woman Inguinal LN SLL/CLL (p) Negative (<10%) NP SLL/CLL (F)

49 59/Man Laterocervical LN MCL (r) Positive (30%) þ MCL (F)

50 75/Man Axillary LN NHL-NOS (p) Positive (40%) NP DLBCL (F)

Abbreviations: þ, positive; -, negative; DLBCL, diffuse large B-cell lymphoma; F, follow-up or histology performed elsewhere; FC, flow cytometry; FISH-CISH,

fluorescence in situ hybridization-chromogenic in situ hybridization; FL, follicular lymphoma; FNC, fine-needle cytology; H, histology; IGH, immunoglobulin

heavy-chain; LN, lymph node; MCL, mantle cell lymphoma; MZL, marginal zone B-cell lymphoma; NHL-NOS, non-Hodgkin lymphoma-not otherwise specified;

NP, not performed; p, primary; PCR, polymerase chain reaction; r, recurrence; RH, reactive hyperplasia; SLL/CLL, small lymphocytic lymphoma/chronic lym-

phocytic leukemia.

FNC was suggestive for NHL, and FC was inadequate.
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FIGURE 2. Results of cytology, flow cytometry (FC), fluorescence in situ hybridization (FISH), chromogenic in situ hybridization

(CISH) in case 1 are shown. (a) A smear demonstrating an atypical monomorphous population of medium-sized cells with irregu-

larly shaped and cleaved nuclei, granular chromatin, and inconspicuous nucleoli is shown (Diff-Quik stain, � 430). (b) FC light-

chain restriction in the lower right quadrant is shown. PE indicates Phycoerythrin; FITC, fluorescein isothiocyanate. (c) FISH evi-

dence of immunoglobulin heavy-chain (IGH) rearrangement by the split signals of the IGH FISH DNA probe is shown. (d) CISH

revelation of the IGH FISH DNA probe split signals is shown. Note the split blue and red signals in the nuclei.

FIGURE 3. Results of cytology, flow cytometry (FC), fluorescence in situ hybridization (FISH), chromogenic in situ hybridization

(CISH) in case 5 (a reactive pleural effusion) are shown. (a) Cytological features demonstrate a relatively polymorphous cell pop-

ulation of small, medium, and large lymphoid cells (Diff-Quik stain, � 430). (b) FC demonstrates 2 positive cell populations: clus-

ter of differentiation (CD) 5 and CD19. PerCP indicates Peridinin-chlorophyll-protein complex; FITC, fluorescein isothiocyanate.

(c) FISH evidence of IGH integrity by the split-signal IGH FISH DNA probe is shown. Note the fusion signals in the nuclei. (d)

CISH revelation of the IGH FISH DNA probe split signals is shown. Note the joint or overlapping blue and red signals in the nuclei.



The positive predictive value was 100% and the negative

predictive value was 82%.

FISH-CISH Results

The signal score, performed according to the guidelines

provided, produced comparable results at the time of

FISH and CISH analysis. There was disagreement in only

1 case (case 8) in which the FISH score of split signals was

< 10% but was found to be 15% at CISH. Comparing

inadequate cases obtained by FISH-CISH and FC, 1 case

was found to have an inadequate result with both techni-

ques (case 15); the remaining 5 cases, which were deter-

mined to be inadequate at the time of FISH-CISH

analysis, were diagnosed by FC. FISH-CISH analysis pro-

duced the following results: 29 positive, 15 negative, and

6 inadequate cases (Figs. 2c and 2d and 3c and 3d). Com-

paring FISH-CISH results with the final diagnoses of all

the cases obtained by histology and/or follow-up, there

were 29 true-positive cases (66%), 9 true-negative cases

(20%), 6 false-negative cases (14%), and 0 false-positive

cases (0%). On statistical analysis, sensitivity was found to

be 83%, specificity was 100%, the positive predictive

value was 100%, and the negative predictive value was

60%. Focusing on the 6 false-negative cases (Table 3), the

corresponding NHL were DLBCL (2 cases), SLL/CLL (2

cases), FL (1 case), and MCL (1 case); 2 of these cases also

were found to be false-negative on FC (1 DLBCL and 1

FL). The FISH-CISH results are summarized in Table 2.

PCR Results

A sizeable amount of DNA (range, 8 ng/lL-40 ng/lL)
was obtained from 30 of the 50 cases; 18 of these were

found to be monoclonal and 12 were found to be polyclo-

nal on PCR analysis. For the remaining 20 cases, PCR

could not be performed. When comparing PCR data with

the final diagnosis made on the basis of histology and/or

follow-up, there were 18 true-positive cases (60%), 6

true-negative cases (20%), 6 false-negative cases (20%),

and 0 false-positive cases (0%). The statistical analysis

demonstrated a sensitivity of 75% and a 100% specificity.

The positive predictive value was 100% and the negative

predictive value was 50%.

False-Negative Results and Histotypes

The evaluation of the IGH FISH-CISH DNA probe as

well as the FC and PCR data compared with the final his-

tological diagnoses did not demonstrate any false-positive

cases. There were 6 false-negative cases using FISH-CISH

(Table 3), 2 using FC, and 6 using PCR. The specific sub-

types of NHL resulting in false-negative findings with the

different procedures were distributed as follows: 2

DLBCL cases, 1 FL case, 2 SLL/CLL cases, and 1 MCL

case on FISH-CISH; 1 case of DLBCL and 1 case of FL

on FC; and 3 cases of FL, 2 SLL/CLL cases, and 1 case of

DLBCL on PCR.

DISCUSSION

The use of FNC has become widespread in the diagnosis

of lymphoma because the combined application of cyto-

logical features, FC, PCR, and FISH allows for a correct

diagnosis and classification in a high percentage of

cases.1-17,29-40 However, in all these studies, there were

still several inconclusive and false-negative results.6-9,29-36

Apart from high-grade lymphomas with evident

Table 3. FISH-CISH False-Negative Results and Possible Explanations Compared With FNC/FC and Histology/Clinical
Follow-Up

No. of
FISH-CISH
False-Negative
Cases

FNC/FC Histology
or Follow-Up

Possible Explanations

2 RH DLBCL Lack of t(14;18)

6 FL FL Insufficient number of split signals detected (<10%)

30 DLBCL DLBCL Lack of t(14;18)

40 SLL/CLL SLL/CLL Lack of any translocation involving the IGH locus

47 MCL MCL Insufficient no. of split signals (<10%) detected

48 SLL/CLL SLL/CLL Lack of any translocation involving the IGH locus

Abbreviations: DLBCL, diffuse large B-cell lymphoma; FC, flow cytometry; FISH-CISH, fluorescence in situ hybridization-chromogenic in situ hybridization; FL,

follicular lymphoma; FNC, fine-needle cytology; IGH, immunoglobulin heavy-chain; MCL, mantle cell lymphoma; RH, reactive hyperplasia; SLL/CLL, small lym-

phocytic lymphoma/chronic lymphocytic leukemia.
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cytological atypia in low-grade NHL, this goal may be

achieved by the demonstration of light-chain restriction

and/or specific pathological phenotypes on FC, or by

heavy-chain or light-chain rearrangement on PCR. FISH

has been demonstrated to be a powerful tool in the identi-

fication of specific and/or additional aberrant transloca-

tions.10-13,37-39 FISH analysis on interphase nuclei is

generally performed using 2 different types of probes: the

fusion-signal FISH probe and the split-signal FISH

probe. The fusion-signal FISH approach uses 2 fluorescei-

nated probes that hybridize 2 regions proximal to the

breakpoint of 2 chromosomes involved in a supposedly re-

ciprocal translocation. In the absence of any chromosome

aberration, 2 pairs of distinct 2-color signals are generally

detected. Conversely, in the case of a specific translocation

involving the labeled loci, the 2 differently labeled probes

will be juxtaposed giving fusion signals. Split-signal FISH

probes hybridize 2 regions of the same chromosome proxi-

mal to a supposed breakpoint. In normal cells, the 2 hybri-

dized regions are proximal to each other and 2 fusion

signals are generated. In the case of a translocation involving

the IGH locus, whatever the fate of the sequence detached,

2 distinct split signals are observed. The split-signal FISH

has some advantages over the fusion-signal FISH; in fact,

the detection of a translocation is independent of the part-

ner genes involved and is useful for detecting translocations

involving multiple partner genes, as is the case of the IGH

locus. Another generally considered advantage of split-sig-

nal FISH is the absence of the false-positive cases that have

been reported using the fusion-signal FISH probes.41,42

Because the majority of low-grade NHL cases are

characterized by specific translocations, the FISH tech-

nique is highly effective in the classification of specific

NHL subtypes whether applied on histological or cytolog-

ical samples.10-17 Moreover, the identification of multiple

reciprocal translocations such as 14 to18 plus 8 to 14 has

added prognostic and predictive value to the method.40

FISH probes with fusion signals are generally used on the

basis of microscopic and phenotypic features; in fact, in a

flow chart by Zhang et al regarding FNA of lymph

nodes,11 FISH is the last step of a diagnostic algorithm

generally used in ambiguous situations (ie, SLL/CLL vs

MCL, etc). As reported earlier, the split-signal IGH

FISH-CISH DNA probe should detect any translocation

involving the IGH locus at chromosome 14q32, despite

any other chromosome being involved, as shown in Figure

1b. Therefore, this probe promises to be highly sensitive

but not specific for any of the corresponding entities. In

fact, on histological samples, this IGH split probe, other

than in FL andMCL, resulted in positive findings in 14%

of MM cases, 13% of CLL cases, and 50% of DLBCL

cases.43,44 In the current study, the IGH FISH DNA

probe identified 29 NHL cases (78% of all NHL cases),

namely 11 FL, 5 SLL/CLL, 4 MCL, 4 DLBCL, 2 MZL,

and 3 NHL-NOS cases; therefore, we demonstrated that

the probe can identify most instances of B-cell NHL, in-

dependent of the specific subtype. Because IGH transloca-

tions are generally detectable in only 50% to 60% of all B-

cell lymphomas,18-26 the rate of positivity in the current

study (78%) is unusually high. However, when examining

the corresponding subtypes (Table 1), much of the latter

is characterized by IGH translocations; therefore, the cor-

responding high positivity rate should not be surprising.

With regard to false-negative findings, these were

obtained in different subtypes (Table 3). In 2 SLL/CLL

cases (cases 40 and 48) and 2 DLBCL cases (cases 2 and

30), false-negative results were most likely determined by

the absence of any translocation involving the IGH locus

and in 1 FL case (case 6) and 1 MCL case (case 47) by the

low rate of split signals detected (< 10%) (Table 3).

Finally, the possible relation between false-negative find-

ings and aberrant breakpoints was also considered.19

However the IGH split-signal DNA probe spans much of

the constant and variable regions of the IGH; therefore,

we believe that split signals should be generated even in

the case of aberrant breakpoints. Comparing the sensitiv-

ity of FISH-CISH with the other methods used in clonal-

ity assessment, we obtained the highest sensitivity with

FC followed by FISH. With regard to PCR values, the

low sensitivity may depend on the small number of cases

(30 cases); the different passes used to obtain additional

material; and the high degree of specificity that it is

required for PCR assessment in our laboratory, as

reported above. With regard to the IGH FISH DNA

probe, the current study is to our knowledge the first in

which the probe has been used and it is possible that, with

increasing experience, sensitivity could improve as well. In

some studies,10-12 PCR and FISH have produced comple-

mentary results that are sometimes mutually exclusive,

thereby contributing synergistically to the diagnosis. In

the current study, 3 of the 6 cases found to be inadequate

on FISH analysis were diagnosed by PCR. These data
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appear to support the complementary role of the 2 meth-

ods, whereas in the remaining 3 cases that were found to

be inadequate on FISH, PCR was not performed for the

reason discussed above. The size and the quality of the

samples represent other aspects of these techniques that

may influence their sensitivity and efficacy. In fact, FC

needs vital suspended cells; moreover, to obtain a gate of

at least 5000 vital cells (the standard size of the samples

for a reliable FC analysis), > 200,000 suspended cells are

generally required.45,46 PCR can detect clonality using

very small amounts of DNA; in fact, it has been calculated

that just a few cells might be sufficient to detect IGH rear-

rangement.47 Concerning the sensitivity of PCR, in the

current study, we defined as positive any result in which 2

of 3 framework-amplified regions demonstrated a mono-

clonal pattern. Therefore, we did not obtain false-positive

results, but this cutoff was in part responsible for the 4

false-negative findings. Finally, for the FISH analysis,

only 200 well-preserved nuclei are required and this char-

acteristic confers additional feasibility to the method. De-

spite the cytospin evaluation reported for this study, in 2

of 6 cases determined to be inadequate on FISH, cellular-

ity was not high in the corresponding cytospin prepara-

tions and, together with the remaining 4 inadequate cases

in which cellularity was sufficient, it was inadequate at the

time of FISH-CISH evaluation. A possible explanation

might be the length of time the lymphoid cells had

remained in PBS before cytospin preparation. A pro-

longed PBS permanence might have affected the hybrid-

ization efficiency by hampering individual cell evaluation,

clear signal detection, and straightforward cell scoring, as

suggested by da Cunha Santos et al.10

Some studies have successfully used the FISH

method in destained slides as well10,15,37; we did not, but

it is conceivable that the IGH FISH-CISH DNA probe

should also be suitable on small samples and archived ma-

terial. As reported earlier, the IGH FISHDNA probe may

be assessed by CISH further because the 2 fluorochrome-

labeled DNA fragments may be detected using corre-

sponding monoclonal antibodies. In our experience,

CISH evaluation after FISH offered additional advan-

tages: first, it allowed a double check of the former FISH

data; in addition, the persistence of a signal beyond the

decay of the fluorescence allowed a protracted reaction. In

fact, in a case that was negative on the FISH assay (case 8),

the CISH analysis demonstrated detectable split signals in

15% of the nuclei and allowed for the reclassification of

the case as positive, thereby improving the sensitivity of

the method. In conclusion, the split-signal IGH FISH-

CISH DNA probe is an effective tool for the detection of

any translocation involving the IGH locus and hence the

clonality on B-cell lymphoproliferative processes. It can

also be used on different samples from different B-cell

lymphoproliferative processes, although it is not useful for

subclassifying NHL. The split-signal IGH FISH-CISH

DNA probe might be considered in the early steps of the

cytological diagnosis of NHL, mainly when other proce-

dures are ineffective or unavailable.
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