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Using reverse transcription-polymerase chain reaction (RT-PCR), six primary brain lymphomas,
pathologically diagnosed as diffuse large B-cell lymphoma, were examined for rearranged V,,-D-J,
sequences of the immunoglobulin heavy chain gene, focusing on somatic mutations and intraclonal
heterogeneity. The reliability of the isolated PCR clones was confirmed by in situ hybridization
(ISH) with complementarity-deter mining region (CDR) 3 oligonuclectide probes. Sequence analysis
of the PCR clones revealed a high frequency of somatic mutation, ranging from 8.8 to 27.3%
(mean 18.2%) in the V,, gene segments in all the lymphomas. A significantly lower frequency of
replacement (R) mutations than expected was also seen in their frameworks (FRs) in all cases.
These findings suggested that the precursor cells were germinal center (GC)-related cells in these
lymphomas. However, despite extensive cloning experiments, intraclonal heterogeneity was not
detected in any case except for onein which it could not beruled out. Thus, it seemed likely that all
of our brain lymphomas were derived from GC-related cells and that at least most of them were

from post-GC cells.

Key words:
hybridization

Primary brain lymphoma usually occurs in the brain
parenchyma of aged patients whose general organs show
no lymphoproliferative focus.>? Pathologically, most
brain lymphomas belong to the category of diffuse large
B-cell lymphoma3® The incidence of this tumor is low,
accounting for about 1-3% of al intracranial tumors.?
However, a high incidence has been noted in immunodefi-
cient patients.? In addition, an increased incidence in non-
immunodeficient patients has recently been reported in
several countries.? Although the clinical, pathological, and
immunological characteristics of this tumor have been
adequately described,*® there till remain a number of
unsolved problems, including the histogenesis of the neo-
plastic B lymphocytes.

In B lymphocytes in general, immunoglobulin heavy
and light chain genes are rearranged.>® In the heavy
chain gene, 1 each of heavy chain variable (V,;), diversity
(D) and joining (J,;) gene segments are chosen and assem-
bled, resulting in a considerable variety of rearranged V,,-
D-J,, gene sequences among B cells.®>9 In addition, fur-
ther variability is introduced by random deletions and
insertions of nucleotides at V,-D and D-J, junctions 12
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as well as by somatic mutations in the entire V,-D-J,
sequence.*19 While V,,-D-J,, gene rearrangements, which
are associated with random nucleotide deletions and inser-
tions at the V-D and D-J, junctions, occur at an earlier
stage of B-cell differentiation, somatic mutations in the
entire V-D-J, sequences occur at a later stage when B
cells are in the germina center (GC) microenvironment of
the lymphatic tissues.>19

Using polymerase chain reaction (PCR), recent studies
of B-cell lymphomas have analyzed the rearranged immu-
noglobulin genes for somatic mutations to gain an insight
into the histogenesis of neoplastic cells.’*~29 |In systemic
lymphomas, somatic mutations have been detected in a
variety of B-cell tumors,’*19 suggesting that the neoplas-
tic cells were derived from GC-related cells, namely GC
cells or post-GC cells, but not pre-GC cells. In addition,
intraclonal heterogeneity has been detected by cloning
experiments in some of these lymphomas including follic-
ular lymphomas'® 229 and a fraction of diffuse large B-
cell lymphomas.t®?23 These findings suggested that the
precursor cells were GC cells, but not post-GC cells, since
the ability to induce somatic mutations is a hallmark of
GC cdlls.

In brain lymphomas, mutation patterns of the rearranged
immunoglobulin genes have not been fully detailed,
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although Thompsett et al.?» and Montesinos-Rongen et
al.® have examined 5 and 10 cases, respectively. Thus,
further studies on the mutation patterns of rearranged
immunoglobulin genes are required for a better under-
standing of the histogenesis of this tumor.

In this study, we isolated reverse transcription (RT)-
PCR clones of the rearranged V,,-D-J, sequences from 6

F|g 1. Histology of a brain Iymphoma case (case 1, primary
tumor). Formalin-fixed paraffin section. Hematoxylin-eosin stain.
x275.
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brain lymphomas, confirmed their patient- or specimen-
specificity by in situ hybridization (ISH) and analyzed
their nucleotide sequences focusing on somatic mutations
and intraclonal heterogeneity. From the findings obtained,
it was suggested that all of these brain lymphomas were
derived from GC-related cells and that at least most of
them were from post-GC cells.

MATERIALS AND METHODS

Specimens Six primary brain lymphoma tissues from 6
untreated non-immunodeficient patients were used. An
additional 1 lymphoma tissue was from the secondary
tumor of 1 patient (case 1); this had recurred in a different
brain region after a 9-month interval. The pathologi-
cal diagnosis made in all cases was diffuse large B-
cell lymphoma®®2 (Fig. 1). In Table I, the clinical, patho-
logica and immunological data of the patients are
summarized.

Isolation of RT-PCR clones Five micrograms of DNase
I-treated total RNA was reverse-transcribed with an
oligo(dT) primer in 21 ul of reaction mixture using a com-
mercial kit, SuperScript Preamplification System (Gibco
BRL, Grand Idland, NY). Subsequent PCR amplification
was performed with two primer pairs. Each primer pair
contained Cu antisense primer (5'-GGTTGGGGCGGAT-

Tablel. Summary of Mutation Analysis of V,, Genes in Brain Lymphomas
Case  Age(yn Tumor V,, gene Somatic mutationsin V,, gene J, gene
No. /Sex Site? Diag? usege No. (%) Region® R Y] P value? usage?
1 65/M F DL/B(u) V4-34 60 (20.6) FR 17 22 3.3x10° J4
CDR 10 11 NS
2 61/F F DL/B() V4-34 62 (21.3) FR 19 20 1.3x10° N
CDR 11 12 NS
3 58/M F DL/B() V3-15 82 (27.3) FR 34 26 3.3x103 J.5
CDR 13 9 NS
4 54/F P DL/B(u) V4-59 47 (16.2) FR 16 14 1.1x1073 J.3
CDR 9 8 NS
5 78/M C DL/B(L) V3-23 26 (8.8) FR 6 5 2.3x10™ N
CDR 12 3 42x10™*
6 73/IM P DL/B() V4-34 43 (14.8) FR 9 20 7.2x107 J.5
CDR 11 3 NS

a) F, frontal; P, parietal; C, cerebellar; DL, diffuse large cell lymphoma; B, B-cell type; u, IgM expression detected by northern blot

analysis (data not shown).

b) FR, framework regions 1-3; CDR, complementarity-determining regions 1 and 2.

¢) R, numbers of replacement mutations; S, numbers of silent mutations.

d) Probability of scarcity (for FR) or excess (for CDR) of mutations occurring by chance. The P values were calculated by the multi-
nominal distribution model as described by Lossos et al.’® using the Mathematica software package (Wolfram Research, Inc.). NS,
nonsignificant values. The P values were also calculated by the binominal distribution model described by Chang and Casali.*® By this
model, the P values for FR and CDR in cases 1 to 6 were shown to be 3.7x107% and NS, 1.3x107° and NS, 2.1x10® and NS, 9.9x10*

and NS, 3.0x10* and 5.4x10™* and 9.8x1077 and NS, respectively.

€) The germline J,, genes™ to which lymphoma J,, genes showed the highest homology.
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GCACT-3') corresponding to the 5" end of the Cu constant
region, since all the lymphomas revealed IgM mRNA in
northern blot analysis (Table I). The sense primer in one
pair was either of the 7 V,, leader primers which corre-
sponded to V, family-specific leader sequences,® and that
in another was the FR2A primer (5'-TGG(AG)TCCG
(AC)CAG(GC)C(CT)(CT)CNGG-3') corresponding to
the framework (FR) 2 region of the V,, gene. The target
sequence for the former primer pair was a full-length
V,-D-J, (nuclectide position (n.p.) 1-ca 300), while
that of the latter was a partial V,,-D-J, (n.p. 120-ca. 300),
each containing the CDR3 region. The PCR mixture, 50
ul in volume, contained 1 ul of the 1st-strand cDNA
solution described above, 100 ng each of primers, 0.25 U
of AmpliTag DNA polymerase (Applied Biosystems, Fos-
ter City, CA) and other standard reagents.>® The PCR tem-
perature profile was as previously described.® The PCR
products obtained were purified by agarose gel e ectro-
phoresis, ligated into the ECORV cloning site of the pBlue-
script-SK(+) plasmid vector, transfected into Escherichia
coli IM109 cells and propagated.

Sequencing of RT-PCR clones RT-PCR clones were
sequenced on both strands by the dideoxy chain termina-
tion method® using a Dye Terminator Cycle Sequencing
Kit (Applied Biosystems) and analyzed with an Applied
Biosystems 373S DNA seguencer. In each lymphoma, 22—
24 full-length and 10-16 partial V-D-J, clones from dif-
ferent bacterial colonies were examined.

Analysis of somatic mutations and intraclonal hetero-
geneity The sequences of the most abundant clones in
individual lymphomas were compared with the germline
gene sequences in the IMGT database®™ and the most
closely related germline genes were considered as the used
genes. The number of somatic mutations and the mutation
frequency were determined by comparison of lymphoma
sequences with the used germline V,, gene sequences. The
numbers of replacement (R) and silent (S) mutations in
FRs 1 to 3 and in complementarity-determining regions
(CDRs) 1 and 2 were also determined and the frequencies

FR

of mutations in FRs and CDRs were analyzed using the
equation of Lossos et al.,*¥ as well as that of Chang and
Casali.® Calculation with the former equation used the
Mathematica software package (Wolfram Research, Inc.,
Champaign, IL). In analysis of intraclona heterogeneity, a
nucleotide substitution in more than 1 clone was consid-
ered as a mutation according to Lossos et al.*
Preparation of CDR3 oligonucleotide probe Based on
the CDR3 sequences in the PCR clones, antisense oligonu-
cleotide probes, 41- to 48mer, were constructed and used
for ISH as described below. The probe sequences are
shown in Fig. 2. In most cases, the probe sequences con-
tained not only CDR3 sequences, but also short stretches
of adjacent V,, sequences and, in 1 case (case 4), that of a
J, sequence as well. These short stretches which were
mutated or not mutated accounted for about 15—-30% of
the total probe length in these cases. The short stretches
without mutations accounted for about 15-20% of the
total probe length.

ISH analysis Ten-micrometer-thick cryostat sections
were attached to 0.01% poly L-lysine-coated glass dides
and fixed in 4% paraformaldehyde/0.1 M sodium phos-
phate-buffered saline (PBS), pH 7.2, for 30 min. The sec-
tions were treated with 2 mg glycine/ml PBS for 20 min
and with 0.25% acetate/0.1 M Tris-HCI, pH 8.0, for 10
min. The sections were then prehybridized at 42°C for 3 h
in a prehybridization solution,® and hybridized with
5x10% cpm/ul of the heat-denatured *S-labeled CDR3
oligonucleotide probe described above in a hybridization
solution® at 42°C for 16 h. The sections were washed
three times in 0.1x SSC (salt sodium citrate)/0.1% Sarko-
syl at 42°C for 40 min, dehydrated, and autoradiographed
using NTB2 nuclear track emulsion (Kodak, Rochester,
NY) at 4°C for 4—8 weeks. After development, the sec-
tions were counterstained with methylgreen-pyronin and
examined with a light microscope. The hybridized sections
were also examined by a Fujix BAS5000 image analyzer
(Fuji Photo Film, Tokyo) for rapid detection of overall sig-
nal distributions. In the control competition experiment,

CDR3 M

95 96 97 98 99 100 100 100 100 100 100 100 100 100 100 100 100 101 102

a b

d e f g h I j k

1 TCG AAA ATA GAA ACT TCG TGG GAC CAA ACT GCC GCG GGC GGG GGC AAT TAT GAC TTC

TGT GCG AGA CGA ATC GAT TTT GAC AAT GGT TTG TCA TAT TAT

GAC TAT

TAT TGT TGT ATA GAC AAA TCA GTG TCT GGA CGC GGT TTC

GCG AAA _TTG GCA ACA CGT TCT ACA CTG ACT TTC GAG

GAT TTC
CTA TTG_T6G CG
GACTA C

2
3
4 TGT GGG AAG GCC GGT GGA TAC AGT AAT GCT CTT
S
6

GT_GCG ACC_ TCT TCT TCG ACT GTC ATG GGA CTT ACC GGG TGG TTC

GAC CCC

Fig. 2. CDR3 probe sequences. CDR3 probe sequences (underlined) in cases 1-6 (1-6) are shown together with the entire CDR3
sequences with or without adjacent FR3 and J,, sequences. Codon numbers in the CDR3 region are indicated.
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the sections were hybridized with a mixture of the radiola-
beled oligonucleotide probe and a 25-fold excess of unla
beled probe.

RESULTS

ISH analysis As described later, the CDR3 sequences
were identical in al the PCR clones in individua lympho-
mas. In ISH with the use of CDR3 oligonucleotide probes,
all 6 primary lymphomas revealed distinct autoradio-
graphic signals in amost al the constituent neoplastic
cells. The signals were seen only when the CDR3 probe
sequences and the tissue sections were derived from the
same patient’s lymphomas (Figs. 3 and 4). No distinct sig-
nals were seen when the CDR3 probe sequences and the
tissue sections were from different patients lymphomas
(Fig. 3). In 1 case (case 1), distinct signals were seen in
both the primary and the secondary lymphoma sections
with the CDR3 probe derived from the primary lymphoma
(data not shown). These ISH findings indicated the
patient- or specimen-specificity of the CDR3 seguences
and, therefore, the specificity of the cloned V,-D-J,
sequences. The monoclonality of neoplastic cells was also
indicated in each lymphoma.

In the control competition experiment in which sections
were hybridized with the *S-labeled specific CDR3 probe
in the presence of a 25-fold excess of unlabeled probe, a

Case 1 2 3 4 5 6

Probe 1 @

6 - <

Fig. 3. Demonstration of the patient- or specimen-specificity of
isolated RT-PCR clones for V,,-D-J,, sequences by ISH analyses.
Images of 1SH signals obtained by an image analyzer are shown.
1-6, numbers of cases from which tissue sections and CDR3
probe sequences were derived. Positive hybridization signals are
seen only when the lymphoma tissues and probe sequences are
derived from the same cases. No distinct signals are seen when
the lymphoma tissues and probe sequences are from different
Cases.

Brain Lymphoma

remarkable decrease in signals was seen, supporting the
reaction specificity of the probes (Fig. 4).

Analysis of V,-D-J,, sequences The cloned V,-D-J,
sequences in the brain lymphomas are shown in Figs. 5, 6
and 2. In each lymphoma, the abundant full-length V -D-
J, clones revealed an in-frame nucleotide sequence and
were identical to the abundant partial clones in the corre-
sponding sequences including CDR3, strongly suggesting
that these abundant clones were representative ones. In
addition, in both the full-length and the partial clones, the
abundant clones were almost identical to the minor clones
in sequence, except for afew nucleotide substitutions (Fig.
6). Using the abundant full-length clones, the homology of
the V,, gene segments to the germline V,, genes® was ana-
lyzed. The lymphoma V,, gene segments showed the high-
est homology (72.7-91.2%) to the germline genes of the
V44 and V,,3 gene families (Fig. 5 and Table I). While the
V4-34 (also called V,,4-21 or DP-63) gene of the V,,4 gene
family was used in 3 cases, the V4-59 gene of the V, 4
gene family and the V3-15 gene and V3-23 gene of the
V,,3 gene family were used in 1 case each (Table ).
Analysis of somatic mutation From the percentage
homology to the germline V,, genes, the percentage of
somatic mutations in the lymphoma V,, gene segments was
calculated. A high frequency of somatic mutation, ranging
from 8.8 to 27.3% (mean 18.2%), was seen in al the lym-
phomas (Table 1), indicating that they were derived from
GC-related cells. The locations of the somatic mutationsin
individual lymphomas are shown in Fig. 5. As seen in Fig.
5, the somatic mutations were exclusively R and S muta-

Fig. 4. Positive ISH signals in a representative brain lym-
phoma. Positive ISH signals are seen in aimost all the lymphoma
cells. A. Positive signals in case 6 are shown. B. No distinct sig-
nals are seen in the control section hybridized with a mixture of
the radiolabeled CDR3 probe and a 25-fold excess of unlabeled
probe. Light counterstaining with methylgreen-pyronin. x445.
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V434 (Casel, 2, 6)
R1

1 iGe sr€ 2Cg ce€ a€ co€ ou@ o cur cee ven oTe e tre 00Q ver see vae ver ook ave 1€ 00 re 2Go £as 2CG ooa
2 Ggt C.t C.t ..t ... .. Tooor tee eee vun wee WG GG ot i@ eor WTe ci@ cer eed 008 e oot oey 0@t GAG ...
6 TA. Go oGt oot Tey coe von Cow Cou vie vee e voe woe oo onn os A eer aes eee oe@ see oee oot Goa tia .G ...

GIC AGT AGT TAC TAC TGG AGC TGG ATC CGG CAG CCC CCA GGG AAG GGA CTG GAG TGG ATT GGG TAT ATC TAT TAC AGT GGG AGC
4 A.. JAC As tuv een sue Al vee sen wne see Toe vee 00€ 08 sus Bes ene vee ses 00€ eee oot WCo it AL CEC LAG

FR3

57 -] 66 70 75 80 82 82a 82b
GL A AA AC_AA AAG A A A ATA A A _GAC A AAG AA A AAG CTG A
4 Guu ot vue WGt cuf cee vee ven 00a€ see wan vee ses sen 20 ous sse ser sse ooe A uee JTe o0s Ca Too LAl Lo

82¢c 83 85 9 94
GL GIG ACC GCT GCG GAC ACG GCC GTG TAT TAC TGT GCG AGA
4 eee eee 268 ter wer see wes Tot ol o t e vee oof
V3-18 (Case3)

FR1

1 5 10 15 20 25 28
GL GAG GTG CAG CTG GTG GAG TCT GGG GGA GCC TTG GTA AAG CCT GGG GGG TCC CTT AGA (TC TCC TGT GCA GCC TCT GGA TTC ACT
3 ces oo coe see see see G vee see Ao ..CAct Civ o0C 2@ At ven .00 JA. L.t L.@ ... WG, TGt GG, .0 o0t Gl

6L GGl ACA ACA GAC TA A ALA AGA ACC A A AGA GAT GAT TCA AAA AAC A A AA
3 LA L. T.ET. At Lt e T Al L [ X BT [ JETREER Cooee voe Cg +.A Lt GECon tul oue
82 82a 82b82c 83 85 90 94
GL ATG AAC AGC CTG AAA ACC GAG GAC ACA GCC GTG TAT TAC TGT ACC ACA
3 ... .0t .Gl Clo WGELGC L., L.l JGaAC Ll . t... Tgt .T.
V3-23 (Caseb)
FR1
1 S 10 15 .20 25 28
GL GAG GTG CAG CTG TTG GAG TCT GGG GGA GGC TTG GIA CAG CCT GGG GGG TCC (TG AGA CTC TCC TGT GCA GCC TCT GGA TTC ACC
5 ver vee 20 ser vee vee sre nee wnn nee wee Ao vee ves ver ses nee 098 vee vee ves eoe Te WTe wer ver cee oo
CDR1 FR2 CDR2
31 36 40 45 50 52 52a 53 55
GL .
S vue wAu dAG Ty w4t wue see san ses ese ue wre res eve ses see ses see see sos sos AGe 40€ JCo ACL A0 e eee
FR3
56 6 66 70 75 80 82 82a

82b 82c 83 85 99 94
GL
5 tee eer cne nee aee ans eee eee oot Towis cen vee e

Fig. 5.V, gene sequences in brain lymphomas. V,, gene sequences of the abundant clones in brain lymphomas (cases 1-6) are shown
along with the germline V,, gene sequences (GL). Codon numbers are indicated. The positions of the beginning of FRs 1-3 and CDRs 1
and 2 are aso indicated. Dots, same nucleotides as those in the germline sequences; capital |etters, replacement mutations; small letters,
silent mutations.

tions. There was no deletion or insertion. In the 3 lympho- Analysis of the distributions of R and S mutations
mas with V4-34 gene usage, ho mutation was seen in the revealed that all the lymphoma V,; genes contained a sig-
first codon of CDR1, which was previously proposed to be nificantly lower number of R mutations than the expected
amutational hot spot.? values in the FRs 1 to 3 (Table I), suggesting the presence
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case 1/ FR1 / CDR1 / FR2 / CDR2 / FR3 /
18 19 35 37 48 50 52 54 63 71 73 11 78 80 94
15/24 5'- CTG TCC AAT ATC ATT GAG AAT GAA CTG GTG ACG CAG TTT AGG CGA -3
1/24 5'- .T .. eee  see  ees  aea  sea  see  ese  sse  see  2aC  ees -3’
1/24 5'- .. .T .. .. e e T.. -3’
1/24 5°'- .. ..G .. e e -3’
1/24 5'- .. Gee  vee eee eee een e e -3’
1/24 5'- .. B 2 T e e T -3’
1/24 5'- B e e -3’
1/24 5'- < e e -3
1/24 5°'- A L. -3
1/24 5'- .. C. -3
10/11 5= .. .. -3’
1/11 5= ... G.. -3’
Case 1’
6/ 7 5'- .. .C. -3
1/ 7 5°'=- T. .C. -3’
Case 2 / FR1 / CDR1 / FR2 / CDR2 / FR3 /
29
23/24 5'- TTC -3’
1/24 5'- c. -3’
10/10 57— -3’
case 3 / FR1 / CDR1 / FR2 / CDR2 / FR3 /
20 32 54 83
17/22 5'- CTT GTC GAT CAA -3’
1/22 5'- ..C -3’
1/22 5'- .. A.. -3’
1/22 5'- .A. -3’
1/22 5'- .G. -3’
1/22 5'- .G. -3’
10/10 5= -3’
case 4 / FR1 / CDR1 / FR2 / CDR2 / FR3 /
4 7 12 32 35 41 68 88 89 90
15/24 5'-CTG TCG GTG TAC TGG CCA CCA  GCC TTT TAT -3’
2/24 5'=.i. cee aes G .. -3’
1/24 5'-.C .. .. e ees -3’
1/24 5°'- LA L. .. .. -3’
1/24 5'- eee JC. .. .. -3’
1/24 5'- . G.. .. -3
1/24 5°'- . .. .A c.. -3
1/24 5°'- .. .G. -3
1/24 5'- .. .T. .. -3
14/16 5= .. -3
1/16 57- .C ... =37
1/16 5= «e  ..C =37
case 5 / FR1 / CDR1 / FR2 / CDR2 / FR3 /
18 35 62 82a 86
18/22 5'- CTA AGC Gee AAC GAC -3
1/22 5'- .G -3’
1/22 5'- .. .T .. -3’
1/22 5'- .. .G. -3’
1/22 5'- A.. -3’
11/12 5= -3’
1/12 5= .A. -3’
Case 6 / FR1 / CDR1 / FR2 / CDR2 / FR3 /
13 19 23 31 42 73
18/23 5'-AAG TCC GCT GGT GGG ACA -3
1/23 5'-T.. .C -3’
1/23 5'-... A.. .. .. -3’
1/23 5'-... .C. .. -3’
1/23 5'-... .A. .. -3’
1/23 5'-... G.. -3
12/12 57— .. -3

Fig. 6. Analysis of intraclonal heterogeneity in brain lymphomas. Cloning experiments revealed no distinct intraclonal heterogeneity
in most cases. Codons which showed nucleotide variations among clones are shown. Codon numbers and V,, regions are indicated
above. The left-most fractions indicate numbers of clones with same sequences/numbers of clones examined. Nucleotide triplets in the
abundant full-length clones are shown. The same nucleotides as those of the abundant clones are indicated by dots. The different nucle-
otides from those of the abundant clones are indicated by letters. Note that most nucleotide substitutions are seen only in 1 clone except
for the one in 2 clones in case 4.

of a force to maintain antibody structure in the precursor
cells. In the CDRs 1 and 2, however, the V,; genes did not
show a significantly higher number of R mutations than
expected in al but 1 case, suggesting the absence of a

strong force to enhance antibody affinity in the precursor

cells, in most cases.

Analysis of intraclonal heterogeneity Intraclonal hetero-
geneity, which suggests ongoing mutation characteristic of
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GC cdlls, was analyzed in 22 to 24 full-length and 10 to
16 partial V,-D-J, clones in individual lymphomas (Fig.
6). When the abundant clones were compared with the
minor clones, 1 or 2 nucleotide substitutions were seen in
each of the minor clones. Among them, one nucleotide
substitution was found in 2 clones in 1 case (case 4) (Fig.
6). The other nucleotide substitutions were found only in 1
clone in the other cases. Thus, according to the defini-
tion'¥ that a nucleotide substitution in more than 1 clone
is a mutation, intraclonal heterogeneity was not suggested
in any cases, except for one in which intraclonal hetero-
geneity was a possibility.

In 1 case (case 1), both the primary and the secondary
lymphomas were examined. Two nucleotide substitutions
were found at codons 80 (Fig. 6) and 100c (not shown) in
al the clones of the secondary tumor, suggesting intra-
clona heterogeneity. However, it seemed difficult to rule
out the possibility that these nucleotide substitutions were
due to the effect of irradiation and chemotherapy on the
secondary tumor.

DISCUSSION

In this study, we isolated RT-PCR clones for the rear-
ranged V ,-D-J, sequences from 6 brain lymphomas. Since
it is known that false-positive amplification is not uncom-
mon in PCR of rearranged immunoglobulin genes,®*-%9 we
first examined the reliability of the isolated clones by ISH
using CDR3 oligonucleotide probes. Subsequently, we
analyzed the cloned sequences, focusing on their somatic
mutations and intraclonal heterogeneity.

In ISH analysis, it was shown that the isolated clones
were derived from the individual lymphomas, but not from
false-positive DNA amplification due to coexisting reac-
tive lymphocytes in the tumor tissues, DNA contamination
during the experimental procedure or PCR errors. From
the distribution of the hybridization signals, it was also
clear that the constituent neoplastic cells in each lym-
phoma were monoclonal in origin. In 1 case (case 1), the
neoplastic cells in the primary and the secondary tumors
were shown to be monoclonal. Although PCR has often
been used in analyses of immunoglobulin gene rearrange-
ments in various lymphoproliferative diseases, the reliabil-
ity of the PCR clones has not been fully confirmed in most
previous studies. The present study showed that ISH was
very useful in confirmation of the patient- or specimen-
specificity of the PCR clones and in the determination of
the clonality of neoplastic cells in lymphoma tissues as
well. It was also shown that the CDR3 probes were spe-
cific in ISH, even if they contained adjacent germline V,,
and J, sequences at about 15-30% of the total probe
length. This finding indicated that ISH analysisis applica-
ble to aimost all B-cell lymphomas including those with a
short CDR3 sequence.

1314

In subsequent nucleotide analysis of the PCR clones, all
the brain lymphomas revealed in-frame rearranged V,,-D-
J, sequences, in which V,, gene segments belonged to
either the V,,4 or V,;3 gene family, in particular to the V4-
34 gene of the V,4 gene family. Mutation analyses
revealed frequent somatic mutations in their V,, gene seg-
ments (8.8 to 27.3%, mean=18.2%) with a significantly
lower frequency of R mutations in the FR regions than
expected. These findings indicated that all of our brain
lymphomas were GC-related cells in origin. Similar find-
ings have also been obtained by Thompsett et al.?)
and Montesinos-Rongen et al.,? who observed frequent
somatic mutations (mean=18.4% and 13.2%, respectively)
in the V,, gene segments in all?? or most cases.® A lower-
than-expected frequency of R mutations in FRs was
observed in all examined cases® or presumed from the R/
Sratio in most cases.?® Frequent usage of the V4-34 gene
family was also observed in these studies.

However, regarding the intraclonal heterogeneity, which
suggested ongoing mutation in the lymphoma cells, there
seems to be a discrepancy between the present and the
previous studies. In the present study, we examined more
than 30 clones in each case using the definition that a
nucleotide substitution in more than 1 clone was a muta-
tion. We found no additional mutation in any case except
for one in which a mutation could not be ruled out. Since
a nucleotide substitution was seen only in 2 clones in the
latter case, the finding could have been due to an experi-
mental artifact. In the previous studies, despite the fact
that the cloning experiments were not so extensive and
only 6-13 or 8® clones were anayzed, clones with
additional mutations were suggested in 3 of 5 cases® or in
at least 1 of 3 examined cases®® When the data were
revised using the same definition of the mutation asin this
study, clones with additional mutations were suggested in
3 of 5 cases® and in 2 of 3 examined cases® Thus,
although intraclonal heterogeneity seemed rare in our
cases, it was more frequent in previous studies. The reason
for this discrepancy remains unknown, but nevertheless,
the present study indicated that brain lymphomas without
intraclonal heterogeneity, or ongoing mutation, were more
commonly present than previously expected. From the
findings of somatic mutations without ongoing mutation, it
seemed likely that at least most of our lymphomas were
derived from post-GC cells, in particular from memory
cells. Consistent with this consideration, some previous
studies®“Y have shown a high level of soluble CD27, a
memory cell marker,’® in the cerebrospinal fluid of all*®
or most*Y brain lymphoma patients examined. In a few
brain lymphoma cases, however, a flow cytometry study*?
failed to detect lymphoma cells positive for CD10, a GC
cell marker.1®

In systemic diffuse large B-cell lymphoma, the same
histological subtype as the brain lymphoma, the frequency



of somatic mutations in the V,, gene segments, as well as
the frequency of R mutations in their FRs, was variable
among lymphomas.’® In the report of Lossos et al.,*? who
examined more than 50 systemic lymphomas, the fre-
quency of somatic mutations was more than 8% in only
half of the cases. It ranged from O to 8% in the remainder
of the cases. The frequency of R mutations in FRs was
significantly lower than expected in about 60% of cases,
but not in the remaining cases. Thus, the frequency of
somatic mutations and the frequency of R mutations in
FRs seemed more variable in systemic lymphomas com-
pared with those in brain lymphomas. The reasons for
these differences between systemic and brain lymphomas
remain unknown. It seems possible that, even if the patho-
logical subtype is the same, systemic lymphomas consist
of more heterogeneous tumors compared with brain lym-
phomas, although further studies on larger numbers of
cases are required.
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