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Summary .

Polymerase chain reaction (PCR) method has been applied into formalin-fixed paraffin-embedded tissues
for a pathological diagnosis of lymphoma in our laboratory for one year (5-7) , but their results were un-
stable in spite of an additional usage of deoxyribonucleic acids (DNA) extraction kit (DEXPAT, Takara,
Japan) (7), which required the further reevaluation of PCR-processing. In this study to improve PCR
specificity we made a crude DNA samples purified and concentrated before PCR procedures. The examined
tissues were routinely-processed parafiin-embedded sections, and consisted of 4 cases of B-cell lymphoma,
4 cases of T-cell lymphoma, 1 case of normal lymph node, 1 case of normal tonsil, and 1 case of normal
lung. _

After usual retrieval of DNA by phenol/chloroform/iscamylalcohol, DNA samples were purified and con-
centrated by DNA Clean & Concentrator ™-5 (Zymo Research, USA) before PCR procedure.

On B-cell lymphoma the reasonable nested PCR condition was as follows: the first round PCR was done
withtheprimersofanupperstream (sense) "Frameworktwo (Fr2A) "andadownstream (anti-sense) "LJH”,
and the second round PCR was done with the primers of an uppersteam (sense) "Framework three {Fr3
A) " and a downstream (anti-sense) "VLJH”. The annealing temperature in PCR was set up at 55°C. The
amplification cycles consisted of 20 times and 23 times at the first round PCR and the second round PCR,
respectively. A polyacrylamide gel electrophoresis (PAGE) followed. The monoclonality by PCR-PAGE
could be confirmed in half cases of B-cell lymphomas and its specificity increased remarkably from 40% to
100%. The final diagnosis of B-cell lymphoma required comprehensive analysis by both clinical fingings and
microscopic examinations with an immunohistochemical analysis.

On T-cell lymphoma the preferable PCR was performed with both TV y as an upperstream primer of T-
cell receptor-y (TCR-+v) geneand Ty as a downstream one. Modified semi-nested PCR was performed.
The first round PCR was dene with primer TJ v , and the second round PCR were done with primers of both
TJv and TV v. A reasonable annealing temperature was 55°C, and amplification cycles was 25 times and
28 times in the first round PCR and the second round PCR, respectively. PAGE analysis followed PCR. The
monoclonality by PCR-PAGE could be identified 75% cases of T-cell lymphomas.

For amonoclonal detection with paraffin-embedded tissues the PCR-PAGE is very useful, and its specificity
is improved by the purification and concentration of original DNA extracts in using routinely-biopsied for-
malin-fixed and paraffin-embedded tissues. And we call this improved method "PCR-PAGE of Byori Cen-
ter method for lymphoma, Ver. 2.”

Key Words : polymerase chain reaction (PCR), lymphoma, formalin-fixed paraffin-embedded tissue, puri-
fication and concentration of DNA retrieval, DNA Clean & Concentrator :

Indroduction

Ourpreviousmonoclonal confirmation of lymphomaby
PCR became routinely examined with an immunohis-
tochemical method (5, 6, 7) . Even if long DNA chains
were fragmented in the fixation process by acid-sided for-
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malin, several specimens could be diagnosed as lym-
phoma by these formalin-fixed and paraffin-embedded
pathological specimens. Whereas PCR was useful for a di-
agnosis of lymphoma, several suspicious cases of lym-
phomas confirmed by clinical findings and immunohis-
tochemistry failed to be positive (60%, 3 cases / 5 cases)
or were conversely false positive (60%, 3cases/ 5 cases)
(Table 1),



WRLEAESE 11 15

Table 1, B-celllymphoma analyzed by PCR-PAGE for [gH with
DNA refrieved by DEXPAT

BNA cf ¢ |not performed performad

cB5as B lun intestina_|noda |8
nested l ‘ ‘ | l
PGR 0 [0 X X x[C1x (OO X x [# % [=x jx

DNA C/C: DNA Glean & Congentrator, B: B-cell lymphoma, Tt T-cell lymphora,
lungz normal lung tissue, intestine: norma! intestine tissue, node: normal lymph
node, nested PCR: the second round PCR consisted of snnealing 55°C and 20
amplification cycles, result: O: pesitive, X: negative

Impurities in original DNA retrievals were thoughtto be
one of the causes to block PCR and bring false positivity
(5) , and then DNA purification and additional concen-

tration was recommended . But PCR sensitivity decreased

from 40% (2 cases / 5 cases) to 0% (0 case / 5 cases), af-
ter the DNA extracted by DEXPAT was rinsed by DNA
cleaning reactant (T'able1). For this reason we abandoned
DEXPAT for our new DNA extraction and processing, and
then decided that the first crude DNA solution had to be
extracted by an ordinary phenol extraction method. In this
study we examined if a removal of impurities was effica-
cious in improving PCR results.

Materials and methods

Tissues

Specimens consisted of four B-cell lymphomas, four
T-cell lymphomas, one normal lymph node, one normal
tonsil, and one normal lung. The latter three normal tis-
sue specimens were for negative control in each PCR anal-
ysis. The diagnosis of lymphoma was confirmed by both
clinical findings and an immunohistochemistries of lym-
phocytic markers. All specimens were processed on
formalin-fixation and paraffin-embedding method.

DNA extraction from paraffin-embedded sections

Two or three pieces of 20um-depth paraffin-embedded
section were used for each PCR analysis, and followed by
a routine extraction procedure as previous reports as fol-
lows (1,3-7) 1. deparaffinization, 2. dehydration, 3. di-
gestion by 50% proteinase K 180 11 and 10% SDS 20 21 at
56°C for one night, 4. deactivation of proteinase K at 95°C
for 107, 5. mixed with same volume of mix liquid {phenol/
chloroform /i §oamyl alcohol=25 : 24 : 1), 6. retrieval of
supernatant, 7. mixed with same volume of 2-propanol at-
20°C for 6°, 8. retrieval of sediment, 9. rinsed by 70% al-
cohol, 10. dry, 11. dissolved in 100 ulof Tris-EDTA buff-
er and adjusted inte working concentration 6070/ 1 of
double strands DNA with spectrophotometer at 260nm).

DNA purification and concentration

DNA Clean & Concentrator™-5(Zymo Research, USA,
abbreviated to DNA C/C)was used in accordance with fol-
lowing protocol : 1. 150x1 DNA extract was mixed with
DNA Binding-Buffer, 2. centrifuged at 10000g for 107,
3. discarded the flow-through, 4. added Wash-Buffer, 5.

centrifuged at 10000g for 107, 5. discarded the
flow-through , 6. added another Wash-Buffer, 7.
centrifuged at 10000g for 30", 8. discarded the
flow-through, 9. added 8u1 water, 10. spinned and
recovered, 11. added another 8l water, 12. spinned
and recovered, and finally wegot 16 1 1ofapurified and
concentrated DNA sample.

PCR primers

Far B-cell lymphoma a nested-PCR was performed
with upperstream (sense) primers and downstream

(anti-sense) primers around VD] region of IgH-gene:

@ the uppersteam primers consisted of & "Fi2A” (5-
teg [A/g) tc cg [c/Al cAg [g/c) ¢ [t/c] [t/c] cnge-3) ,
placed in 5'-side of V region and used for the first round
nested-PCR, or (i) "Fr3A" (5"- AcA cegg ¢ [e/t] [a/c] tgt
Att Act gt -3, placed in 3'-side of V region and used for
the second round nested-PCR, and {b) the downstream
primers consisted of () "LJH" (5'- tgA geA gAcggtgAcce-
3, placed in 3'-side of ] region and used for the first round
nested-PCR, or (i) *VLJH” (5'- gtg Acc Agg gtn cct 1gg ccc
cAg -3, placed in 5'-side of J region and used for the sec-

- ond round nested-PCR (3, 6, 7).

For T-cell lymphoma a modified semi-nested PCR was
done with one couple of upperstream (sense} primer and
downstream (anti-sense) one in V] region of TCR- v gene:
the former primer was TV v (5™~ Agg gtt gtg tig gAA tcA
gg ), which was used only in the second round PCR, and
the latter primer was TJ v (5™ cgt cgA cAA cAA gig ttg tic
cAc 3, which was used for both the first round PCR and
the second one (1, 5, 6).

Each working concentration of primer solution was
adjusted to 20pmol/ 1.

PCR amplification

(1} PCR reactant mixtures:

In B-cell lymphoma, each 20 41 sample consisted of 14
11 distilled water, 2 x1 10xPCR buffer (Perkin Elmer), 2
11 Gene Amp dNTP Mix @mM/L), anupperstream (sense)
primer, a downstream (antisense) primer, 0.2 1 Ampli
Taq Gold (5U/ u1), and 1 21 DNA sample processed with
DNA C/C. In anested PCR for B-cell ymphoma, each ad-
ding primer solution was 0.5 x1, "mixtures of 0.5 1| Fr2
A and 0.5 1 LJH” and "mixtures of 0.5 21 Fr3A and 0.5
¢l VLIH” at the first round PCR procedure and the sec-
ond round one, respectively. .

In amodified semi-nested PCR for T-cell 1ymph6ma, the
first round 20 ¢ | sample consisted of 15.4 i | distilled wa-
ter, 2 p 1 10xPCR buffer, 1.2 x1dNTP, 0.2 1| downstream
primer TJ v, 0.2 #1 Taq, and 1 »1 DNA sample after DNA
C/C. The second round 20 u1 sample consisted of 5.9 1
1 distilled water, 1! 10xPCR buffer, 1.8 21 dNTP, 0.65
u 1 upperstream primer TV v, 0.55 1| downstream prim-
er TJv, 0.1x! Taq, and 10ul of the first round PCR
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products (4, 6).

{2) PCR thermal cycling conditions:

In B-cell lymphoma the first round PCR was as follows:
1. hot start at 85°C for 107, 2. 30 cycles of DNA amplifica-
tion, each cycle of which consisted of denaturation at 93°C
for 45", annealing at 55°C for 45”, and extension at 72°C
for110”, 3. lastextension at 72°C for 10’. Thesecond round
PCR was, furthermore, as follows: 1. hot start at 95°C for
10, 2. 2027 cyclesof DNA amplification, eachcycleofwhich
consisted of denaturation at 93°C for 45”, annealing at 50-
58°C for 45", and extension at 72°C for 1107, 3. last exten-
sion at 72°C for 10" {3, 6, 7}.

In T-cell lymphoma the first round PCR was as follows:
1. hot start at 95°C for 10°, 2. 25 cycles of DNA amplifica-
tion, each of which consisted of denaturation at 94°C for
30”, annealing at 55°C for 45”, and extension at 73°C for
45", 3. lastextension at 72°Cfor10". Thesecond round PCR,
furthermore, followed: 1. hot start at 95°C for 10, 2. 24-
30 cycles of DNA amplification, each of which consisted
of denaturation at 94°C for 30”, annealing at 55°C for 45",
and extension at 73°C for 45”, 3. last extension at 72°C for
10' {1, 6).

Electrophoresis

PAGE concentration was 12.5% (5, 6, 7). Electronic
voltage was 200V,

These mini-gels were stained with ethidium bromide
and viewed under ultraviolet light and photographed.

Results
Every B-cell lymphoma samples produced one discrete

Table 2. B-cell-ymphoma analyzed by PCR-PAGE for IgH
with the use of usual DNA retrieved after treated

with DNA C/C
Cases B T |nede
PCR
st |2nd
°c cycle: °C cyales|
55 30 50 20[Q x|x [0 |x |x
23|10 Olx [x |x[x
24
25
26
7
52 0[O xix|x Ix |x
30 Qx| |x |x
24
25
FI &2 (o] SR VN [¢1 FN
27
§8 20|10 HEAEEERES
FE] @) Olx A |x |A
e [OlA JA |A O
[¢] oA A OO
6[C [QIC & [C[O
68|___20|A x|x |A [x |x
20 [Alx A [x [x
24|10 O|x |& |x [A
2610 10]= |A [x [A
26
2110 JO[x (A [x |A

1st: the first round nested PCR, 2nd: the secend round PCR, B: B-cell lymphoma,

T: T-cell lymphoma, node: normal lymph, °C, cycles: PGR annesling °C and amplification
times, rasult: O: positive, A: ambiguous/smear, X : negative, blank: not examined
because cof its invalidity on tho analogy cut of a part

Table 3. T-cell lymphoma analyzed by PCR-PAGE for TCR
v with the use of usual DNA retrieval after ireated

with DNA C/C
Cases T B tonsil [lung
PCR
1st 2nd
°C_ Jeycles['C vel
previous 55 45 0O x |x |x |x X X
modified
nested 25 55 4lAa A A [ x | x X X
6lA[O A [x |x X X
NO[O[O [x |A 1A X
S[CIC|O |x [A [TA [x
POIC O [A |a Fy x

1st: the first round nested PCR, 2nd; the sacond round PCR, B; B-cell lymphoma,
T: T-goll lymphoma, tonsil: norma! tonsil tissue, lung: normal lung tissue, °C, eyeles:
PCR annaaling °C and amplificaton times, result: O: positive, 2: ambiguous/smear,
X : negative

band at the predicted size of 80-120bp. The most appro-
priate conditions consised of 55°C of annealing tempera-
ture, 30cyclesofthefirstround amplification, and 23cycles
of the second round amplification. The sensitivity in-
creased slightly from 40% te 50% (Table 1} and the false
positivity was significantly decreased from 60% to 0% (Ta-
ble 2).

Each T-celllymphomasamples produced one prominent
band within the predicted size of 160-190bp. The sensitiv-
ity increased from 25% to 75%. The suitable PCR condi-
tion consisted of 55°C of annealing temperature, 25 cycles
of the first round amplification, and 27 or 28 cycles of the
second round amplification (Tahble 3).

Discussion

Inthe PCR analysisof B-cell lymphoma, wehad reported
the original PCR method using the commercial kit (DEX-
PAT, Takara, Japan) for retrieval of DNA from
formalin-fixed paraffin-embedded sections, but their ac-
curacies had remained in dispute (6, 7). While the detec-
tionof IgH monoclonal rearrangementhad been confirmed
in 40% of B-cell lvmphomas, their positivity could not have
been free from a possibility of false positivity. Despite the
problems of low sensitivity we propose that this new im-
proved PCR detection method of monocclonality increases
its specificity from 40% to 100%, and represents a valua-
ble tool in the distinction of a wide range of B-cell lym-
phoproliferative diseases with the combination of im-
munohistochemical examination.

In adiagnostic application of PCR method for T-celllym-
phoma, our PCR-sensitivity of T-cell lymphoma was 75%.
Even if there were false positive bands of TCR- y rearren-
gement in our B-cell lymphoma samples, which became
decreased by the usage of DNA purification and concen-
tration hefore routine PCR. Because the same rearrange-
ments of TCR-y genes were also reported in B-cell lym-
phoma (2, 9, 10), these biclonal lymphomas could be dis-
tinguished by our new method.

The monoclonality of rearranged IgH or TCR- v geneis
of important diagnostic value in distinction between lym-™
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phoma and reactive lymphoid proliferation. PCR tech-
nique provides an accurate and simple method for the con-
firmation of monoclonality.
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bivbihid, &< YEE - 257 4 EETR L VHHUEDNAZHEAH L AZPCR - EBEEKIEL LB Y vy
IGEeH SRR L, EE TEMERL TELM, FTOHERICEL TR, BEERE T RER SR Ll L
TEOEAMITB W TRERHMET, iz, TORMTEERETIRMPH S L ENL. 6. Sz
DNABRIEAH LU HHL - IETIHERZEE T 2Lt p, PCRESE L GEEMEESETA Z L icBIL TH
L7z, DNAOKAE - #55iciE. DNA Clean & Concentrator™-5 (Zymo Research, USA) Z#M L7/, B#lla
Y k44, THIREY 4 F, £, EFEESERALLT, TR 16 EXREL1A, BRI
FloERA= Y CEE T 7 4 AEESAICEL T, PCRiZL 3 U v BB R OEIEIZ oW TERM L 2,

B Y 2 rUEE, nested PCR-PAGET#HSIL 7., PCREBEE S, annealingifEE#55C L LT, #9100bpd
DNABE# %187, PCRIZX 5 BETHIESRIT50% Th o fehs, £ ORRIEIEA0% & D 100% ~F L T iz, HBRREF
R LT, #BhZE-: L ToABHEMEESRE, W, BECEF L TORNPLETHLIEELLRE,

THUE Y - fEIT BT, ZEnested PCR-PAGES St & iz, Hilidefhit, annealinglBEEA55CL LT,
160-190bp>DNAFEM %157z, PCREMIZ X 2 THIR Y > HOREEEIRT5% Th o .

Pbhbhoffidn b <iz, BFOARNREBUER T W Tk, REREMBHZBWTHIBSSH 2., Thbb,
(DFEA~< 0 VEE - N7 4 ARz BESRTRY ., Q. MRS MRt oREERrEETH Y,
B, BEMEEHL, LELE, B T/hEL, ZoEaRRics v T, PCR-PAGEREIIE D TRELBEFER
g 55, ToAD, BEBEREETIEIZL (Thbh, FREREDIZL) PREBETHY., MHEHE
FLIDNAZHY - G L CPCRICERT 3 Z L AFERTHLD LR TE L,

#—J— I . polymerase chain reaction (PCR), lymphoma, formalin-fixed paraffin-embedded tissue, puri-
fication and concentration of DNA retrieval, DNA Clean & Concentrator
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