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Abstract: Evaluation of immunoglobulin (Ig) gene rearrangements with BIOMED-2 multiplex PCR has become a stan-
dard detection of clonality in mature B cell malignancies. Conventionally, this method is relatively labor-intensive 
and time-consuming, as it requires DNA isolation from bone marrow aspirates (BM) or peripheral blood (PB) in pa-
tients with BM or PB involvement. On the other hand, fluorescence in situ hybridization (FISH) is routinely used as 
genetic screening in B cell malignancies, but the surplus fixed nuclei initially prepared for FISH usually turn useless 
afterwards. We sought to use these surplus nuclei after FISH as a template to perform PCR-based Ig gene clonality 
testing. Templates of 12 patients with mature B cell malignancies, which consisted of both DNA isolated with com-
mercial DNA isolation kit from fresh BM or PB (DNA group) and the fixed nuclei initially prepared for FISH (nuclei 
group) from the same individuals, were subjected to PCR with BIOMED-2 primer sets for immunoglobulin heavy 
chain and kappa light chain under recommended conditions. Our result, for the first time, showed a high consistency 
between the two groups in detecting B cell clonality, which indicates that nuclei for FISH can function as a reliable 
template comparable to fresh tissue-isolated DNA in PCR based Ig clonality testing. This offers a simple, rapid and 
more economical alternative to standard Ig testing based on regular DNA.
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Introduction

Mature B cell malignancies or B cell lymphopro-
liferative disorders (B-LPD) account for 90% of 
all chronic lymphoid malignancies and are an 
extremely heterogeneous group of lymphoid 
malignancies with regard to biological, clinical, 
morphological and genetic features [1]. Clini- 
cally, they present as two major forms: system-
ic proliferation (leukemia) or localized prolifera-
tion (lymphoma). FISH is generally valuable in 
diagnosis and classification of B-LPD since 
many under this big category have unique 
genetically detectable changes [2]. To make 
templates for FISH, BM or PB samples from the 
leukemic form of B-LPD are processed into 
naked nuclei that are preserved in Carnoy’s fix-
ative for FISH procedures. Despite its high sen-
sitivity, FISH is sometimes restricted to lack of 
specific genetic changes in some disease sub-

types or lack of appropriate commercial probes 
to cover the full spectrum of these multifari- 
ous clinicopathologic entities. This particularly 
holds for those with atypical lymphocytosis or 
plasmacytosis in which additional positive lab 
work is required to support the diagnosis. In the 
above circumstances, clonality testing via PCR-
based detection of Ig gene rearrangements (Ig 
testing) is a valuable adjunct in identifying a 
malignant clone present in lymphocyte or plas-
ma cell populations in BM or PB [3].

Since its introduction in 2003 with following 
refinements and commercialization [4, 5], the 
BIOMED-2 multiplex polymerase chain reaction 
(BIOMED-2 PCR) approach has become a stan-
dard molecular testing method in characteriz-
ing the nature of clonality in a wide range of 
mature lymphoid malignancies including B-LPD 
[6]. By standardizing all PCR conditions, com-
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mercially available testing kits based on BIO- 
MED-2 PCR have been increasingly applying in 
common clinical laboratories and providing us 
with convenient, reliable and comparable test 
results. Owing to the predominance of B-LPD in 
mature lymphoid malignancies, IgH (A, B, C) 
and IgK (A, B) assay portions of these kits are 
the most commonly used of all five provided 
components (IgH A, B, C, D, E; IgK A, B) and 
both of them are used as our routine settings 
for detecting B-LPD.

Notwithstanding the ease of use and consis-
tency of commercial kits, all kits as well as in-
house methods need purified genomic DNA 
generated from either fresh BM/PB and fresh/
frozen tissues or formalin-fixed paraffin-embed-
ded tissues (FFPE) to provide templates for 
amplification [4]. As good sample sources of 
many of B-LPD,  BM and PB are of particular 
interest. Traditionally, this genomic DNA is iso-
lated from cells collected in BM or PB of 
patients suspected with the leukemic form of 
B-LPD. However, DNA isolation is relatively 
labor intensive and time consuming, which usu-
ally takes 3~4 hours even with the use of popu-
lar commercial DNA isolation kits. Additionally, 
the expense of commercial DNA kit is not negli-
gible as well for our many uninsured or underin-
sured patients.

As an integrated diagnostic procedure, sus-
pected B-LPD is always subjected anyway to 
genetic screening like FISH, which needs fixed 
naked nuclei as probing templates, but the sur-
plus fixed nuclei usually turn useless after that. 
Naked nuclei with exposed DNA are good for 
nucleic acid hybridization represented by FISH, 
and therefore could also be possible for direct 
PCR amplification [7]. This prompted us to 
make use of the surplus fixed nuclei remained 
in Carnoy’s fixative after FISH as template to try 
to perform Ig clonality testing, aiming to find a 
simple, rapid and more economical substitute 
for the standard method which is relying on 
freshly isolated DNA from fresh BM or PB speci-
mens. Moreover, it could be possible to selec-
tively run Ig-testing with the same template 
after knowing FISH results, which, as thorough-
ly explained in our discussion section, would 
prevent unintended sample making involving 
different methods and unnecessary running of 
Ig-testing prior to FISH.

Materials and methods

Patients and samples

Patients’ BM or PB samples were taken from 7 
B-cell chronic lymphocytic leukemia (CLL), 2 
multiple myeloma (MM), 1 mantle cell lympho-
ma (MCL), 1 Burkitt lymphoma (BL) and 1 fol-
licular lymphoma (FL) respectively. All of above 
patients were presented either as leukemic 
form of B-LPD or suspected BM or PB involve-
ment, and all samples collected from these 
patients were used for diagnostic FISH. As a 
standard workup of B-LPD, the diagnoses of 
aforementioned disease entities were made 
based on WHO guided clinical, morphological 
and immunophenotypic criteria. This study, 
with consent of participating patients, had 
been inspected to conform to regulations made 
by the hospital’s medical ethics committee 
before launching.

Nuclei and DNA template preparation

Cells collected from each sample used for FISH 
were processed according to our lab’s standard 
operation procedure. Briefly, cells were sus-
pended in 10 times of volume of 0.75 M KCL 
pre-warmed at 37°C for 20 minutes for hypo-
tonic treatment. After that, cells were pre-fixed 
by adding 1/10 volume of iced cold Carnoy’s 
fixative (admixture of methanol and glacial ace-
tic acid at 3:1 ratio), and spun down to remove 
supernatant. Cell pellets were re-suspended in 
10 ml fresh iced cold Carnoy’s fixative for 30 
minutes and then the supernatant removed  
by centrifugation. The cell pellets were then 
washed twice with fresh Carnoy’s fix and re-
suspended at appropriate concentration for 
FISH. For Ig clonality testing, a small aliquot 
was taken from the FISH pool (stored at 4°C) 
and transferred to an Eppendorf tube and then 
the basic steps used by Li et al. [7] were fol-
lowed with some modifications: a high speed 
centrifugation up to 12,000 rpm were applied 
to remove Carnoy’s fix, and the pellets were 
washed with pure ethanol 2~3 times and then 
air dried by placing the open tube upside down 
on a paper towel for at least 10 minutes. After 
that, 50 μl of 0.1 M TE, pH 7.4 were added into 
the tube to suspend the pellets containing the 
nuclei (almost interphase nuclei). As a standard 
method used for comparison, fresh DNA was 
isolated by using Qiagen Blood and Cell Culture 



Fixed nuclei in clonaligy testing of immunoglobulin gene in B cell malignancies

64	 Am J Blood Res 2015;5(2):62-78

DNA Mini kit (Qiagen China Co. Ltd, Shanghai, 
China) from the matched fresh BM or PB sam-
ples of the same patient. All steps were strictly 
adhered to instructions provided by the kit  
manual. After completion of DNA isolation, 
spectrophotometric assay (spectrophotometer 
A360, AOE instruments, Shanghai, China) was 
followed to measure the DNA concentrations 
and OD260/280 ratio to check the DNA purity.

FISH

FISH was performed on interphase nuclei  
kept in Carnoy’s fixative. The following Vysis 
probes (Abbott Diagnostics, Lake Forest, IL, 
USA) except CKS1B which was purchased  
from Cytocell (Cytocell Ltd., Cambridge, UK) 
were used in FISH studies: CLL: LSI ATM 
(11q22.3), TP53 (17p13.1), Cep12 (p11.1-q11), 
D13S319 (13q14.3); MM: CKS1B (1q21), 
D13S319, TP53, IGH@-FGFR3 (14q32-4p16), 
IGH@-CCND1 (14q32-11q13), and IGH@-MAF 
(14q32-16q23); MCL: IGH@-CCND1 (14q32-
11q13); BL: IGH@-MYC (14q32-8q24); FL: 
IGH@-BCL2 (14q32-18q21). Cutoffs for losses 
and gains were determined by counting 200 
nuclei on 10 normal control slides from corre-
sponding normal individuals for each probe, 
and averaging values. Losses and gains desig-
nated as values that deviate ±3 SD from the 

average [8]. For probes to detect dual fusion 
signals, the same number of interphase nuclei 
was examined for co-localization of two signals 
in each probe set. Positive threshold was deter-
mined as described elsewhere [9].

PCR conditions and detection of PCR products

The validation of BIOMED-2 PCR on regular 
DNA had been strictly set up with the use of 
IdentiCloneTM Gene Clonality Assay kit (Invivosc- 
ribe Technologies, San Diego, CA, USA) in our 
previous work on gene clonality testing. The 
nuclei transferred from Carnoy’s fixative with 
prior treatment for FISH (nuclei group) (see DNA 
template section) were resuspended with 0.1 
M TE (usually around 50 μl) and 5 μl were 
directly used as PCR template, meanwhile the 
fresh DNA isolated from BM or PB by commer-
cial DNA isolation kit (DNA group) also used as 
PCR template alongside the nuclei. Both nuclei 
and DNA from the same patient were matched 
in pairs and run in duplicate for each PCR reac-
tion. The BIOMED-2 PCR conditions and steps 
indicated by the kit manual were strictly fol-
lowed. Multiplex primer sets used in our assays 
were: IGH (VH-JH, or A, B, C tubes), IGK (VK-JK 
and Kde, or A, B tubes) which are included in 
the kit. PCR with control size ladder master mix 
and contamination checking tubes were car-

Table 1. Patients’ general information and DNA integrity results by control PCR

Patient number Sex Age Sample
Source

Clinical 
diagnosis

PCR time after FISH
(weeks)

Control PCR
(DNA)

Control PCR
(Nulei)

Pt 1 F 61 BM CLL 4 H H
Pt 2 F 65 BM MM 4 H M
Pt 3 M 61 BM CLL 4 M M
Pt 4 M 72 BM CLL 1 H M
Pt 5 F 51 BM MM 1 H H
Pt 6 F 76 PB MCL 1 H M
Pt 7 F 53 BM BL 1 H M
Pt 8 M 83 BM FL 1 H M
Pt 9 F 52 PB CLL 1 H M
Pt 10 F 63 PB CLL 1 H H
Pt 11 F 63 PB CLL 1 M H
Pt 12 M 33 BM CLL 1 H H
Positive rate of H (%) 10/12 (83) 5/12 (42)
Positive rate of H+M (%) 12/12 (100) 12/12 (100)
Abbreviations: BM: bone marrow aspirates; PB: peripheral blood; CLL: B cell chronic lymphocytic leukemia; MM: multiple 
myeloma; MCL: mantle cell lymphoma; BL: Burkitt lymphoma; FL: follicular lymphoma; H: high quality (contains at least 400nt 
peak); M: medium quality (contains at least 300nt peak); 6th lane indicates the time of nuclei kept in Carnoy’s fix until being 
prepared for PCR; Control PCR shown in the last two columns indicates the PCR based on the amplification of master mix size 
ladders from DNA or nuclei separately.
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Figure 1. Comparison of amplification of internal positive control PCR between DNA and nuclei groups. Size ladders of PCR products (100nt, 200nt, 300nt, and 
400nt, from left to right) were displayed by capillary gel electrophoresis. Left panel represented amplicons with H grade quality in both DNA (A) and nuclei (B) 
groups from Pt 1; Right panel represented amplicons with either H grade in DNA (C) or M grade in nuclei (D) from Pt 2.
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Table 2. Overall detection rates among FISH, 
DNA and Nuclei clonality testing

Patient 
number

Clinical 
diagnosis

FISH 
results

Clonal-
ity test 
(DNA)

Clonal-
ity test 
(Nulei)

Pt 1 CLL Loss of 
D13S319

Ha Ha
Hb Hb
Hc Hc
Ka Ka
Kb Kb

Pt 2 MM Fusion 
of @IGH/
CCND1,
Loss of 

p53

Ha -
Hb -
Hc -
Ka Ka
Kb Kb

Pt 3 CLL Loss of 
D13S319,

Loss of 
ATM

Ha -
Hb -
Hc -
Ka -
Kb -

Pt 4 CLL Loss of 
D13S319

Ha Ha
- -

Hc Hc
Ka Ka
- -

Pt 5 MM Gain of 
CKS1B,
Loss of 

D13S319

- -
Hb -
Hc Hc
Ka -
Kb Kb

Pt 6 MCL Fusion 
of @IGH/
CCND1

Ha Ha
Hb Hb
Hc Hc
Ka Ka
- Kb

Pt 7 BL - Ha Ha
Hb Hb
Hc Hc
Ka Ka
- Kb

Pt 8 FL - - -
- -
- -
- -
- -

Pt 9 CLL Split of @
IGH

Ha Ha
Hb Hb
Hc Hc
Ka Ka
- -

Pt 10 CLL Loss of 
D13S319

Ha Ha
Hb Hb
Hc Hc
Ka Ka
- Kb

Pt 11 CLL Gain of 
12,

Loss of 
D13S319

Ha -
Hb -
Hc -
Ka Ka
Kb Kb

Pt 12 CLL Gain of 
12,

Split of @
IGH

Ha Ha
Hb Hb
Hc Hc
Ka Ka
Kb Kb

Positive 
rate (+Pt8)

10/12
(83%)

11/12
(92%)

10/12
(83%)

Positive 
rate (-Pt8)

10/11
(91%)

11/11
(100%)

10/11
(91%)

FISH: abnormalities are represented by changes of genes 
covering the loci where corresponding FISH probes target-
ing against. “-” sign indicates no abnormality detected; 
DNA & Nuclei clonality testing: Ha, Hb, Hc, Ka, Kb (from 
top through bottom) represent reproducible peaks ap-
peared in immunoglobulin heavy chain gene FR1-JH, 
FR2-JH, FR3-JH segments, and kappa light chain Vk-Jk, 
Intron/Vk-Kde segments respectively; “-” sign indicates 
no reproducible peak found in corresponding segment. 

ried out together as an appraisal test of each 
template.

After completion of each PCR reaction, the kit-
generated PCR products were subjected to 
gene scanning (GS) [10] according to instruc-
tions provided by the kit manual. Briefly, the 
PCR products mixed with Hi-Di formamide and 
ROX size standards were run in our capillary 
electrophoresis detection system (ABI 3500 
genetic analyzer, Applied Biosystems, Foster 
City, CA, USA) and analyzed by Genemapper 
software (Applied Biosystems). Only duplicable 
amplicons larger than 100nt, with minimum 
amplitude around 2000 in clear background on 
the instrument printout were considered posi-
tive and thus used for further analysis and 
interpretation.

Results

General information and amplifiability of fixed 
nuclei with BIOMED-2 PCR

The general information of all 12 patients with 
suspected B-LPD included in this study is pre-
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Figure 2. Concordantly positive Ig testing results in both DNA and nuclei groups in Pt 7 who was initially diagnosed as Burkitt lymphoma but had no positive IGH@-
Myc fusion signal detected by FISH. Upper left panel (A) represented IgH A, B, C (FR1-JH/upper panel section, FR2-JH/middle panel section, FR3-JH/lower panel 
section) from DNA group; Lower left panel (B) represented the same IgH gene segments but from nuclei group; Upper right panel (C) represented IgK A, B (Vk-Jk/
upper panel section, Vk/CkRSS-Kde/lower panel section) from DNA group; Lower right panel (D) represented the same IgK gene segments but from nuclei group. 
Long arrows pointed to reproducible clonal peaks in both DNA and nuclei groups and short arrows pointed to extra recurrent peaks featuring nuclei group.
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sented in Table 1. Of all of them, B cell chronic 
lymphocytic leukemia (CLL) took up the majori-
ty (7/12), followed with multiple myeloma (MM, 
2/12). The rest were mantle cell lymphoma 
(MCL), Burkitt lymphoma (BL) and follicular lym-
phoma (FL), with one case for each respective 
disease category. As gold standard control, 
pure DNA isolated from fresh BM or PB with 
Qiangen DNA isolation kit was loaded for 
BIOMED-2 PCR as DNA group to compare the 
same PCR loaded with the leftover of inter-
phase nuclei after FISH as nuclei group. Unlike 
genomic DNA that was isolated upon arrival of 
the samples, most nuclei after FISH use were 
kept at 4°C in Carnoy’s fixative for around 1 
week (few of them up to 4 weeks, see 6th col-
umn of Table 1) until being treated for Ig-testing. 
To check the amplifiability of nuclei group, we 
compared the amplicons of internal positive 
control DNA (mix of discrete size ladders) from 
both DNA and nuclei groups. For simplicity, we 
arbitrarily classified quality of amplified control 
DNA peaks into 4 levels designating H (high), M 
(medium), L (low), and N (Null), judged by the 
presence of 400nt, 300nt, 200nt and no prod-
ucts (or all peaks significantly below 2000, if 
any), respectively (http://catalog.invivoscribe.
com/viewproduct). We didn’t include 600nt 
peak in because for most of the time we found 
it either short (far below 2000) or absent, and 
more important, irrelevant to successful ampli-
fication of Ig gene segments. The last two col-
umns of Table 1 listed the comparison of ampli-
fiability of positive control between DNA and 
nuclei groups. Figure 1 showed the represent-
ing peaks of H and M of nuclei group along with 
their matched DNA counterparts derived from 
the same patients (Pt 1 and Pt 2). As shown in 
Table 1, although DNA group had higher H rate, 
combined rates of H plus M as qualified tem-
plates between these two groups were the 
same, suggesting that the nuclei initially used 
for FISH are amplifiable under BIOMED-2 PCR 
conditions and potentially suitable for Ig clonal-
ity testing [11].

Comparison of Ig testing of nuclei group with 
that of DNA group and FISH

As one of the most important means in diagno-
sis and classification of B-LPD, FISH with dis-
tinctive probe or probe sets toward genetic 
changes of each entity was run in all patients 
presented in this study. With FISH data togeth-

er, more convenient way to compare Ig testing 
results between nuclei and DNA groups was as 
follows: true positive was defined as at least 
two positive out of three testing results (FISH, 
Ig testing of DNA, Ig testing of nuclei) and true 
negative as negative in all three testing results 
(we didn’t see one positive and two negative in 
our cases). The comparing results were shown 
in Table 2. We found that positive detection 
rates among FISH, DNA and nuclei Ig testing 
are highly concordant. All cases except Pt 8 
could be defined as true positive. Pt 8, with FL 
as its initial clinical diagnosis, might be an only 
negative case worthy of mentioning here be- 
cause it was negative for all three tests. This 
“pan” negativity probably means polyclonal 
lymphocytosis for Pt 8 because the initial mor-
phological or immunophenotypic screenings 
didn’t show any dilution of lymphocyte popula-
tion which could make subsequent genetic or 
molecular testing results negative. Furthermore, 
additional evidence came from the proof of 
hypercellularity in Pt 8 reflected by internal pos-
itive control PCR (see Table 1). So we treat Pt 8 
as real negative case and decided not to 
include it in our final positive rate summaries 
(Table 2, last row). As our gold standard, DNA 
group seemed to have a little bit higher positive 
rate than FISH (100% vs. 91%), while the latter 
was on par with nuclei group (91% vs. 91%). The 
difference between FISH and Ig testing results 
was caused by Pt 7 who was initially diagnosed 
as BL. FISH (IgH@-Myc) was negative in that 
case but both DNA and nuclei groups detected 
clonal changes in a double duplicated way 
(both DNA and nuclei PCR were run in duplicate 
as previously described in materials and meth-
ods section). This was a typical case in which 
“normal” FISH could be corrected by Ig testing 
with use of the same nuclei (DNA group was 
presumably set up as control of nuclei group in 
this study) (Figure 2). If we compare nuclei 
group with DNA group by setting DNA group as 
100% positive, nuclei group had more than 
90% positivity (Pt 3 is an only case in which 
nuclei group was negative as opposed to posi-
tive of corresponding DNA group), being highly 
consistent with DNA group.

Comparison of discrete gene segments ampli-
fied between nuclei and DNA group

In this study, we used IgH A, B, C and IgK A, B 
corresponding to VH1~6(FR1)-JH, VH1~7(FR2)-
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JH, VH1~7(FR3)-JH and Vk2f~Vk7-Jk, Vk2f~Vk7-
Kde and Jk-Ck-intron RSS-Kde (IgK Vk-Jk and 
Vk-Kde/Ck-RSS-Kde) to check gene rearrange-
ments of IGH and IGK. We did not use IgH D 
and IgH E tubes since only 3% and 0% sole 
positive rates contributed by the incomplete 
DH-JH joints as reported in a big series [12]. 
Positively amplified products were judged ex- 
actly as that in the IdentiClone kit manual for 
IgH A, B, C and IgK A, B. Positive case is where-
by defined as at least one such positive PCR 

product in duplicated form found in each case 
no matter how many gene segments are posi-
tively involved [13]. Detailed comparison of 
PCR products of each gene segment of IgH and 
IgK was listed in Table 3. By checking the table,  
we found that positive products virtually pre-
sented in at least two gene segments through-
out five testing tubes representing IgH and IgK 
in all DNA group (11/11) cases and 10/11 
nuclei group cases except Pt 3 (Pt 8 not includ-
ed in for the previously stated reason). The 

Table 3. Comparison of amplifiable fragments in IGH and IGK gene segments between DNA and 
nuclei groups   

Patient 
no.

PCR fragment size (bp)
IGH A IGH B IGH C IGK A IGK B

DNA Nuclei DNA Nuclei DNA Nuclei DNA Nuclei DNA Nuclei
Pt 1 334 334 269 258 114 115 284 284 223 223

81 246 120 621 618/619 233 233
80/81

Pt 2 332 - 260 - 119 - 195 190 281 281
289 289
149  

Pt 3 325 - 260 - 125 - 287 - 272 -
369

Pt 4 332 332 - - 113 113 280 280 - -
120

Pt 5 - - 264 - 101 120/121 194 - 273 274
146

Pt 6 337 337 273 272 120 120 146 146 - 229
209 482 482 401

Pt 7 330 330 266 266 131 131 147 147 - 401/402
120 195 195
208    

Pt 8* - - - - - - - - - -
Pt 9 345 345 284 258 146 120 146 146 - -

146 482
208  

Pt 10 362 362 290 290 120 120 143 143 - 402
297 297 208 193/195 195

    284
Pt 11 338 - 273/272 - 131/130 - 148 148 275 275
Pt 12 366† 365 270 271 133 120 145 145 401 401

134
208

Pos PCR 
rate (%)

10/11
(91)

7/11
(62)

9/11
(82)

6/11
(55)

11/11
(100)

8/11
(73)

11/11
(100)

9/11
(82)

6/11
(55)

8/11
(73)

“*” sign: Pt 8 removed when making positive rate summaries; “†” sign: size values in bold pointing to reproducible PCR prod-
ucts outside the BIOMED-2 specified ranges, being included in rate summary; “/” sign: different (if any) size values generated 
from duplicated PCR reactions on the same sample; “/” sign in the last row divide positive case numbers from total numbers.
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Figure 3. Typical case of biased distribution of gene segment-associated positive clonal peaks in nuclei group compared to DNA group (Pt 11). Upper left panel (A) 
represented Ig H gene segments from DNA group; Lower left panel (B) the same IgH segments but from nuclei group; Upper right panel (C) represented IgK gene 
segments from DNA group; Lower right panel (D) the same IgK segments but from nuclei group; Long arrows pointed to reproducible clonal peaks in both DNA and 
nuclei groups. The detailed names of all gene segments and corresponding panel section positions were given in Figure 2 legend.
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Figure 4. Extra peaks either unique to or more popular in nuclei group as exemplified by Pt 10. Upper left panel A represented Ig H gene segments from DNA group; 
Lower left panel (B) the same IgH segments but from nuclei group; Upper right panel (C) represented IgK gene segments from DNA group; Lower right panel D the 
same IgK segments but from nuclei group. Long arrows pointed to BIOMED-2 standardized clonal peaks and short arrows pointed to extra or unique peaks con-
centrated in nuclei group such as the peak of 208nt (pointed by short arrow, lower panel section of panel (B) and the peak of 401nt (pointed by short arrow, lower 
panel section of panel (D). Note: this 401/402 peak was also seen in lower panel section of panel (D), Figure 2). The detailed names of all gene segments and 
corresponding panel section positions were given in Figure 2 legend.
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gene segment-associated positive rate in IgH 
gene segments in nuclei group was somewhat 
lower than that in DNA group, but roughly simi-
lar in IgK segments between two groups (even 
higher in IgK KdeE segment). Typical case of 
this feature is Pt 11 (Figure 3), which showed 
that nuclei group, as opposed to DNA group, 
was negative in every IgH gene segment, but 
positive as DNA group in every IgK segment.

Apart from reproducible bands/peaks defined 
by BIOMED-2 PCR, both DNA and nuclei groups 
generated a variety of PCR products with their 
sizes falling outside the BIOMED-2 specified 
ranges. This kind of products could be further 
sub-classified into two categories: reproducible 
(Table 3 in bold) and non-reproducible (not 
shown). Although the non-reproducible peaks 
are subject to possible change to become 
reproducible in the future with further increase 
of case numbers, we tentatively assign them to 
non-specific PCR byproduct and focus solely on 
those peaks which repeated at least twice. One 
caveat here is that the peaks with very few 
base pairs (1~4 bp) size difference [10]  are 
regarded as the same owing to possible tiny 
size shift during each PCR reaction. There were 
six of such peaks sorted out from either nu- 
clei or DNA groups: five of them (80/81nt; 
365/366nt; 401/402nt; 482nt; 618/621nt) 
were shared by both groups, and one exclusive-
ly detected in IgH C of nuclei group (208/209nt). 
Figure 4 showed multiple such unique recur-
rent peaks mainly concentrated in nuclei group 
of Pt 10 (similar pattern was shown in Figure 2 
as well).

Discussion

The development of commercial clonality assay 
kits based on BIOMED-2 PCR has significantly 
simplified the way in determining recombina-
tion of immunoreceptor gene loci during the 
physiological or neoplastic lymphocyte ontoge-
ny, but DNA isolation from BM or PB remains 
relatively labor intensive and time consuming, 
regardless of it from FFPE samples [14, 15]. On 
the other hand, Ig testing is not the first choice 
for most B-LPD: the BM or PB samples from 
this kind of patients are usually sent to our 
molecular cytogenetics lab for FISH. Ig testing 
is only considered to be a backup for some of 
them with inconclusive FISH evaluation results. 
So we cannot decide whether to run Ig testing 

for a specified patient until that patient’s FISH 
report is available. The above reasons prompt-
ed us to test the possibility of using the surplus 
fixed nuclei initially prepared for FISH as source 
for Ig testing, which could not only save time 
and reagents for DNA isolation but resolve the 
dilemma about how to coordinate FISH with 
antigen receptor gene clonality testing in our 
daily clinical practice.

To make the template for FISH, BM or PB 
derived cells are depleted of cytoplasm by 
hypotonic treatment and subsequently fixed in 
Carnoy’s fixative and kept in the fixative there-
after in the form of nuclei until making slides 
for FISH hybridization [16]. The fixed nuclei are 
good template for hybridization represented by 
FISH and other hybridization-based molecular 
cytogenetic approaches such as comparative 
genomic hybridization (CGH), spectral karyotyp-
ing (SKY), fiber-FISH, multiplex FISH etc. [17, 
18] or could serve as a satisfying DNA source 
for single nucleotide polymorphism (SNP) array 
and multiplex ligation dependent probe amplifi-
cation (MLPA) [19, 20]. The above reports sug-
gest that DNA contained in fixed nuclei in 
Carnoy’s fixative is of fairly high-quality and 
able to be fully exposed for hybridization, hence 
amenable to nuclei-based PCR. This extrapola-
tion was actually proved by Li and colleagues 
[7] in the middle 1990s. In their experiment, 
PCR targeting the loci of retinoblastoma (RB), 
Duchenne muscular dystrophy (DMD), and sex-
determining region (SRY) was successfully run 
on interphase nuclei kept in Carnoy’s fixative. 
However, the early work lacked strictly matched 
internal control, was not repeated in broader 
ranges, and more, did not put into use in anti-
gen receptor rearrangement detection. Com- 
mercial BIOMED-2 PCR kits, on the contrary, by 
providing delicately made positive and negative 
internal control DNA and primers, have created 
ideal experiment conditions to check the effi-
cacy of PCR in detection of Ig gene rearrange-
ments in B-LPD [21]. With one of the most wide-
ly used kits, we designed our Ig testing PCR in a 
case-matched amplification by using both 
freshly isolated DNA from BM or PB and the 
fixed nuclei initially prepared for FISH from the 
same individual. For each patient, the above 
templates were run in duplicate in the same 
batch, plus accompanying positive (and nega-
tive) control which is well known to be amplified 
into at least four DNA fragments (peaks) refer-
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ring to 100, 200, 300, and 400 base pairs size 
ladders. The template appraisal tests show- 
ed that the control size ladder generated  
from each case of the nuclei group contain- 
ed at least 100~300nt peaks, sometimes 
100~400nt peaks, a sign indicating that the 
nuclei kept in our condition and duration 
(Carnoy’s fixative at 4°C, up to 4 weeks) is 
robust to give satisfying DNA integrity, even 
better than DNA isolated from most FFPE [22]. 
Consequently, the amplifications on FR1~FR3-
JH (IgH A, B, C), Vk-Jk, and Vk-Kde/Ck-RSS-Kde 
(IgK A, B) couplings in nuclei group revealed 
clonal peaks in 10/12 tested cases, compared 
to 11/12 in DNA group. When integrating FISH 
results, the overall positive rate was further 
increased to 10/11 in nuclei group after remov-
al of a real negative case in which none of the 
three assays (FISH, DNA and nuclei Ig testing) 
possessed positive change (Pt 8). Besides lim-
ited reports [23, 24] to use cell lysates as a 
template for antigen receptor gene clonality 
assays, our results, for the first time, demon-
strated that the fixed nuclei initially prepared 
for FISH, a template retaining intact cellular 
morphology, are satisfactory in serving the 
same purpose. The reason to choose Ig gene 
testing here is merely due to the prevalent inci-
dence of B-LPD in whole mature lymphoid neo-
plasia. Obviously, this method can be extended 
to PCR-based T cell receptor gene testing for T 
cell neoplasia.

There are extra noticeable features by carefully 
observing the peak patterns obtained from 
nuclei group. First of all, the clonal peaks in 
DNA group were evenly distributed throughout 
most IgH and IgK segments (except IgK B) in 
accordance with other studies [4, 25-27]. In 
contrast, positive peaks in nuclei group were 
not evenly distributed, but more biased toward 
IgK. This likely suggests the immunoglobulin 
light chain gene segments were more efficiently 
utilized by nuclei-based Ig testing, a hint that 
we may need to pay more attention to IgK gene 
segments when using nuclei as template in the 
future; Secondly, in the positive cases, nuclei 
group tended to generate few more “atypical” 
peaks which were often absent at correspond-
ing positions of DNA group. These peaks were 
easily seen in FR-3 of IgH and entire IgK sec-
tions, either as a solely existent peak in its seg-
ment or ones co-existent with other clonal 

peaks. For instance, a prominent peak seem-
ingly unique to nuclei group was exclusively 
found in FR3-JH/IgH C (208/209nt) in five 
patients. The common feature of these peaks 
is that they are usually larger than the BIOMED-2 
specified fragment size in their matched gene 
segments. Oversized fragments in both IgH and 
IgK are not uncommon in BIOMED-2 PCR, which 
could be found when somatic mutations of 
downstream J gene segment occur, resulting in 
suboptimal J primer annealing [3, 23]. More 
possible explanations include nucleotide inser-
tions through somatic hypermutation itself; 
atypical rearrangement events or real psuedo-
clonality due to nonspecific amplification [28-
30]. However, the above explanations could not 
clarify why these peaks were more often seen 
in nuclei group despite the fact that both DNA 
and nuclei were made from the same cell 
source of the same patient. As a novel template 
for BIOMED-2 PCR, archival nuclei may pos-
sess some peculiar DNA configuration resulting 
in such selective amplification profiling.

The advantages brought out by nuclei-based 
BIOMED-2 PCR for Ig testing are quite appeal-
ing at many points. The first relates to its sim-
plicity: we don’t need to develop any special 
method to make the nuclei because the nuclei 
are naturally produced when we prepare BM or 
PB cells for FISH. The reagents used to make 
nuclei suited for FISH are just potassium chlo-
ride and an organic solvent plus inorganic acid. 
They are costly negligible comparing to com-
mercial DNA isolation kits. The processing time 
to make nuclei for FISH is also shorter as a 
result of simpler procedures in sample han-
dling, with about half of that spent on DNA iso-
lation. It is reasonable to assume that nuclei 
prepared in conventional cytogenetics should 
be equally usable from perspective of BIOMED-2 
PCR. As stated before, timing of choosing PCR 
for antigen receptor testing is usually uncertain 
until FISH result is available. With nuclei based 
BIOMED-2 PCR, we can decide whether and 
when to run such testing pending on FISH, or 
conventional cytogenetic results in a broader 
sense. Lastly, besides BM or PB, biopsied or 
surgically excised lymph node and body fluids 
rich in lymphocytes are also good sources to 
generate the same nuclei; cultured cells derived 
from suspicious lymphoid disorders can be 
used too. 
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Taken together, utilizing nuclei kept in Carnoy’s 
fixative initially used for FISH to detect immuno-
globulin gene clonality is the best choice for 
samples requiring both FISH and Ig testing. 
Even for Ig testing only samples, nuclei based 
BIOMED-2 PCR is also a simple, rapid, and 
more cost-effective alternative. We expect to 
see more applications of this method extending 
from chronic mature B cell neoplasia to all 
hematologic malignancies of lymphoid line- 
ages.
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