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The establishment of standardized curve for Real Time PCR of WT1 using SYBR Green I

- To analyze WT1 expression in pancreatic cancer using SYBR Green I -

Keitaro Oda (Department of Surgery, Saitama Medical Center, Saitama Medical University, 1981 Tsujido-
machi, Kamoda, Kawagoe-shi, Saitama 350-8550, Japan)

Due to difficulties in early detection of pancreatic cancer as well as rapid progression of the disease,
it is extremely difficult to completely resect the tumor surgically. The improvement of prognosis may
be expected with chemotherapy and radiation therapy for the remaining cancer cells or post-op adjuvant
therapy, but there still has not been any effective treatment.

In recent years, tumor vaccine therapy using tumor antigen peptides are receiving attention.
Especially, the WT1 antigen has been known to be expressed in many kinds of cancer, and is receiving
attention as the possible universal vaccine for tumors. In Japan, promising results have been reported
by H.Sugiyama et al for trial studies of treatment using tumor vaccine derived from WT1 based antigen
peptides.

In order for the vaccine treatment targeted against tumor antigens to be effective, one must confirm
that the antigen is expressed by the targeted tumors. In general, when enough cancerous tissue from
surgical excision or biopsy can be obtained, immunohistochemical staining is the standard method.
On the other hand, in hematological disease and in tumors of difficult anatomic access, allowing only
endoscopic or aspiration biopsies, one must rely solely on method utilizing molecular biology.

The Real Time PCR has been known to be the method to quantitatively analyze the expression of
mRNA in tissues and cells. Already, clinical laboratories have established the method to quantitatively
analyze several of the protein expressions. Currently, the most common method adopted is Tagman.
However, there are many problems with this method when using in research laboratories, since it is
troublesome and its running cost is high. In this study, we established the Real Time PCR for WT1
expression, using the SYBR-Green method, which is easier and more cost effective than Tagman
method. We then attempted to detect the expression of WT1 gene in clinical specimens of pancreatic
cancer using this established method and showed the usefulness of our method.

Keywords: WT1, standardized curve of Real Time PCR, SYBR Green, Tagman, tumor antigen peptide,
pancreatic cancer
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TagMan {EZ T 0 — T ZERT 208N HH, O
AMDELE5 L EEITH DN L 75 5.
SYBR green I 7z I\ 27510, Kl 70— 7 2
eI, ZMThsH, — 5 TIERENEY
IR L, et ORSE 2T S8 % alge e fadia &
NTW3. LA > 7T, SYBRgreenI % 7z Real
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U7z, 1800 [alz, 2077, =i Tl UHAZER D
M2\ U7z, [ L 7z BRI, PBSIC T2 [BIyEt
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RNA
K562 Al i il O NS ARAH I B A% BRI 1,500 [E1%E 10 77 D
STy FZERL, KTy MMZ1l ml
Dlsogen (= v RV I —2)ZhATz. Isogen 1T
DOSNUTRIfaEE, IKAICDOU 72 % % 22G D5t
2D e ) PTG [HEHZ 10 [HER DKL, 200 pl
TOEF LU TR E T —80°CH TV —H'—IT T Hiks
RE L.
figghr HIC, ISOGENICVARL T2 Y 2 T IV 2 EiR
WKIRL, FEO700R)VAEMA T, SEIERIL,
37 EIRIC TfE L7z, Z D% 4°CIC T 12,000 rpm,
15 Mo U, KE - REE - GBI hNnizk
JBORZEH ULNT Yy X Fa—TIB L. BLizK
JEEICKE R E FEDO A TN =)V A, HmE
BERIL, 50MFE L7z, 4°C, 15,000 rpm, 1577
iUz, B L%, 0% L% /—)V1 ml
EMZEEL, 4°C, 7,500 rpm, 5757 EO08 i L
AR b RER U, im0V FERE RS
#% DEPC 7K 100 plZz il %, 57 & L7z, RNAJEE
W EOEERTTHE L, $9100~200 pg/mlic %% K 5
IZ, DEPC/KZMMA Cafif# L 7z.
75443 —
Real Time PCRH] 754~ —& LT RD2fHD
FA—"H .
Pair 1
Forward 1:
5- ATGAATTAGTCCGCCATCACAACA-3’ (1118-1141)
Reverse 1:
5-TGCTGCCTGGGACACTGAAC-3’ (1201-1221)
PCREYIDRKE X : 104 bp
Pair 2
Forward 2:
5-AGGGTACGAGAGCGATAACCACAC-3’ (648-671)
Reverse 2:
5-TCAGATGCCGACCGTACAAGA-3’ (768-789)
PCREYIDORKE X : 142 bp
IV rA—IVTSRAIFOER, y0—=27
K562h 5155 117z mRNAH 5 SYBR® ExScript™
RT-PCR Kit (TaKaRa) % f]\>C cDNAZ{ESL L 7z, il
OFFELIE 7 1 b a3 —)UIZHEW 5 X Ex Script Buffer (2 pl),
dNTP Mixture (0.5 ul), Random 6mers (0.5 pl), ExScript
RTase (0.25 pl), RNase Inhibitor (0.25 ul), RNase free
dH,O (1.5 ul), Total RNA (200 ng/5 ul) (5ul) ZhiZ, &t
10plE L, 42°C 15 pRIRILEE721%, 95°C 2 7RI T
B2 RIEE 7z, T ORISH 1 ullc SYBR Premix Ex
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Taq (10 pl), PCR Forward Primer (10 pM) (1 ul), PCR
Reverse Primer (10 uM) (1 ul), dH,O (7 pl) Z /0 Z 51 10 ul
& L, LightCycler Software Ver. 3.5 (Roche) i T PCR%
1o Tz, KISEME, 95°C 30 %) RiC T Denature L 7=
%, 95°C 1/, 59°C 5, 72°C 10F0fi % 35 [Hl#k D
BRUBIEL, Z0O%4CICTRIELTz. PCREYIOD—
22%7 Ha—ATIIVkEIL, TFITLTaxA
RTHRML, PCREYIOKRE X 2R LT,

i, TOPO® TA Cloning Kit (Invitogen) 7 {# F L,
su—= k{70 fe. MEOFBITIR T DT 1 b
d— )% — ek 2 L, PCREEY) (1 ul), Salt Solution
(1 ub), pCR® 2.1-TOPO” vector(1 yl), AKIFZ&EI/K (3 ul) &
Az, gteul& U, TORIGK 1 1ul7ZTOP 10 (Invitrogen)
50 plichnz, K EICT30 0 MME L, TICIRRFEICT
2C30ME NIV AT+ — A= g Uik ZD,
K FHRVEIC T SOC medium 250 plZfi1%, BIO SHAKER
BR-160L (TAITEC) IC T225 rpm C1HFfiliE & L 7=, IE
OIS, HEMCBHERLTWET ED) U 2E
HBIB'L— b EIcX-Gal (Promega) 40 nl =44 L 7=,
IR U 72 RE251R 40 l 2 X-Gal BAHE A DT Y ¥V ) v
TL— &Lz, 20%, M7L—Fzdr3a—
A 2 F 2 X— % — MIR-153 (SANYO) I CT37°C T—Ht
gLk Fivwe, 7rEVY VS L—b EOHEBO
O —BlZMeE Lct%, 252000 =—%ER_L, 5ml
D7 ¥ VLB RIS T—WBulsE L%, 20
TR w FZESI L, QlAprep SPIN Miniprep Kit
(QIAGEN) Z W T I A I REBR LU 2. Llkz
EcoR 1 (TOYOBO) I TYJWi&ESIkEI 21T\, pairl T
14 U 7= PCRFEEV) 2 53 75 A X Ricid 122 bp, pair2
THAIE L7275 A 2 RiciZ 160 bp @ PCR EEYIHHAA
FNTVET EZMER L. HUNOREZT DNV FH
BENTVWETIAI F2BU KRR Z200 mlD 7 >~
YU N LBIARIC CHER#E L, Plasmid Midi Kit
(QIAGEN)IC T T A RZ[HI L 7=.

Y=Y IVAAGICAY bA—IVTFRAE FOIER

R L7923 RZHWT, RT-PCREY)OBEL
F-HOH & R KT U 72, fi# H7 13 BigDye® Terminator v3.1
Cycle Sequencing Kit (77 75 4 RINA A AT L X
) Z HWTIr > 7o, FEE I OFHSCEISHE W,
BigDye Terminator (8 ul), M13 Primer (Forward or
Reverse) (0.21 pl) (= 3.2 pmol), 7&847K (5.26 pl), Plasmid
(6.53 pl) (= 200 ng ICFAEEGE H) Z2 N A G20 plicFAEE L,
96°C 1771, 96°C 10 ¥, 50°C 5[ @5H 1 7)),
60°C 4 73 DFE THIME L 7% 4 CIC TR L 7. 18
IE#& 7 1%, CentriSep A > WS L (754 RINA F
VAT LA ZRWTRIGRZ R U, ¥285% Hi-Di
Formamide (77 75 A K)NA % A5 LA#E) 15 pl &2 hn
ZCIAfR L, 95°C 57711 C Denature U 7z. fi#frid ABI
PRISM® 3100-Avant Genetic Analyzer (77 75 A R/ A
F AT LA Wiz, @ T — 2 1%, GeneBank

M 5155 N7 WT1DOfES| (ACCESSION NM_000378) &
Lhfg, —HL T3 &zl LTz,

V=TV AICWI LB PR T e ru—>
GO KEEZ, 7 ET) U RET500 mlO LB Hith
I T RERE L, Plasmid Maxi Kit (QIAGEN) %z Hu T
TS5 A ROKREITY, oY hao—)Le L.

Real Time PCR &M DIRFT L U IR EIRDIER

Real Time PCRIC I} % WT1D X &% > H'— R RFE
Do, Honizay ba—)L 75 A3 RD260 nm
TOWCHE TDNARE ZHIEL, LATNOGHEZH
WKL TWTIOa ¥ —HEEt L.

- WT1IEFE (pmol/pl) =Aug X 100/1.5N,+0.71N+

1.20N;+ 0.84N

« ¥ —# (copies/ml) =77 R K X JEEF (mol/pl)
BWT, BoNzae—HEe 2D 7o A2 REK
2 el IHED 10 SRR 2 FR U 7z.

#1057 RS % Real Time PCRIEICHT T, 451
AR A—RE UTHRT 2HiPHZE L.
REPRAR (R

MR 2003 4 7 H 5 2005 4E 6 H ORI FAfihiif T
ST (% - iafBME) 9B 2 6t 5 & L 7z (Table 1).

JEFIa > ba—)L e LT, 1BEEsETE A R IEE
R o B AR I 2 Fl WL 2. R ARSI, (@ &R
FHI & [FIRR DI ZTT 5 Tz

&g R AR A (—80°CIRIF) &, WASD X F2 mlD
Isogen ZhMZ, KA THRES FAY—ZH W CE
B2 T 0 DS LT, D% K562 fflifia & [FER D #F
T, HASRE N OCRNAOHIH #2757z,

12 Bl DGR, K562 HIfE DG & & [RlkE DS
TReal Time PCRIJ&Z1To 7. (FNENTTFA<—
2HHTITo 7).

AR VB —RIF2.93X10E2~2.93 X 10E7 £ T (10 £%
ACOME) L7z,

Positive controlid K562/ 5 #iliH L 72 RNA200 ng
EHWTRTKIOE LIS Z#H L, Negative
controlix dH,0 & RNase free dH,0 TRT vz L7z
IR D 2 R U7z,

T BT, A D S B3BARICE U Cl3ymBH
ko7« AR L A RS (SRR t) 21TV, Real
Time PCROFEHR & LG LTz, 785 7 ¢ YY)l X 0@k
IZ eV Haematoxylin-eosin (H.E.) Je iRz ERL L,
E600® (Nikon, Tokyo, Japan) 558 NICEIZ L. s
R 2 CRIRR AR 1, BT T 10 >~
YR KOS 7 12 V1%, 3% (LK KZ v
THRUERNVAF X =B ERBREL, LT AWTL
6F-H2E / 71— F )Lk (Dako Cytomation, Inc.,
Carpinteria, CA) i L, ENVISION/HRP kit (DAKO)
EFHOWTTFAN T VR —ETIro Iz

BERRRIAERE, BHERIMICY2-> T, ZhZFhil
BHXFEICE EDWTEHIAL, CEICTHEZS .
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Table 1. Clinicopathological parameter of patients with pancreatic cancer and expression of the WT1 gene

Pt ID Age Depth of Histological WT1T mRNA

(year) Sex Location Stage Tumor size invasion differentiation expression
1 48 M h IVb 5.3X2.5X1. 8cm pT4 m 8.032x10%
2 57 F h IVa 5.0X5.0X4. Ocm pT4 W, m 3. 594 X 10?
&) 57 M h IVa 3X2.6X2.5cm pT4 m 2. 491 < 10°
4 68 M bt IVa 2.8X2.8X2.0cm pT3 W, m 1.791x<10°
5 73 F h I1I 4.8X2.8X2.5cm pT4 m 1.106 X< 10%
6 66 M hb IVb 5.8X3.8X2. 0cm pT3 W, m 1.635x%<10%
7 62 F h IVa 2.9X2.7X1.8cm pT4 m 3. 350 < 107
8 77 M h IVa 0.6><0. 3cm, 0. 6cm pT4 m 9.612x<10"

2X2X1.8cm,

9 ot M bt metastatic 1.5X1.2>1.0cm Ukn Ukn 1.278<10”

Location:h, head;b, body;t, tail. pT:pathological T. Differentiation: w, well differentiated; m, moderately differentiated. Ukn:unknown.

fm R

WT1D 75 A ~— 25 %2\ /=PCRT, Kb562X
DIFSNTZPCRIEYIDINY RPE SN RKEZIT—
2 (pairl Tl 104 bp, pair2 Tld 142 bp) LT BT & H
TNENHERE E NIz (Fig. 1).

PCRICTHBENZDNAZE LI, 7a—= T %
1TV pairl Tl& 122 bp, pair2 Tl 160 bpd k& X DPCR
FEMDHAAEN TN D T T A REFFDOKBGEHNE
XNz (Fig. 2).

V=T VACEKD, BHLETIAI ROEGT
BiF DfEFTRT R DS 5 N 7z (Fig. 3).

=7 IV ADFNTEE RS GeneBank h 515 5 7z
WT1 D& RS & i U —E L TW\5 T & Z iR
L (Fig. 4), Moy ra—)b e UTHERA L7z,

Bonfzaryba—)V 7S A ROWTIaE—4
13 pairl T2.92982 X 10"copies/ml, pair2 C2.82504 X
10" TH - 1z,

CTOAE—EEITICI0EDH RS Z E8 L
(Table 2), Real Time PCRZ{TH>TAZX X —KREL
TR 2 #ipH 72 E U7z (Fig. 5).

TE LTz X 2 > Z— Rihiz FIH U 7z IR Ak 7z
Fi\ 7z Real Time PCRTIX, Mo ho—)L LT
AN T2 AR R BEROWTLED &M TH % DI
HUT, BEay ba—)be UTHWZKS62 filid -
TEVE S E s M R AR A AR, B E Bl TWTL {8
D_EFHEED 5Nz (Table 3).

THiC, ARV Z—RihfR& g U, BEE B
BOTmRNAL N)UIC BT B WTLED FAEDE S H
7% - 7= (Fig. 6a, 6b).

TR TIE, WINE Real Time PCR TWTL{HD
FREZRDTZ3BAT XTI B TR I A
AR EN (WT 1 SRRl rE), IR st
B ENiah - 7z (WT1Egarz:) (Fig. 7).

200bp
142bp

104bp 100bp

Pair 1

Pair 2 Ladder

Fig. 1. The electrophoretic pattern of PCR products derived
from K562 cell. The RT-PCR amplified products from RNA
originated from K562 (the human CML stock with high
expression of WI'1) were confirmed to have the same size as
expected (104 bp for pair 1 and 142 bp for pair 2).

(a)

EeoR | 295 EcoR |

—’— B PCR produc 4’7
284 T 30

M13 reverse ? M13 forward

pCR® 2.1-TOPO®

(b)

200bp
160bp

122bp 100bp

Pair 1 Pair 2 Ladder

Fig. 2. The results of cloned plasmid and electrophoresis.
By excising with EcoR I, the PCR products integrated into
specific part of pCR2.1-TOPO were confirmed. The expected
band size of 122 bp for Pair 1 and 160 bp for Pair 2 was
detected. a) pCR® 2.1-TOPO® is a straight-chain vector with
topoisomerase-I activated 3’-dt terminal protrusion. It is
possible to excise the cloned inclusion fragment by the EcoR 1
portion at both ends of MCS. b) In pair 1, E. coli with plasmid
that include 104 bp PCR product was purified. In pair 2, E. coli
with plasmid that include 142 bp PCR product was purified.
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361
421
481
541
601
661
121
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681

cgegggegegt cegggtetga
ctgetgeeceg cegtececte
goggogeagt gggegocget
ttgggeggee cogegeegee
ttcatcaaac aggagccgag
gecttcactg tccacttttc
ccctteggte ctectecgee
gecgecctace tgeccagetg
acggtcacct tcgacgggac
ttccccaacc actcattcaa
cagcagtact cggtgecgee
ggcageccagg ctttgetget
tcccagettg aatgcatgac

gocctcagecaa atgggetecg acgtgeggga cotgaacgeg
cctgggtggc ggeggegget gtgeecctgee tgtgagegge
gotggacttt gegeccccecgg gegettegge ttacgggteg
accggetccg ccgecacccc cgecgeecgee goctcactee
ctggggegge geggageege acgaggagea gtgectgage
cggccagttc actggcacag ccggagectg tecgotacggg
cagccaggeg tcatccggec aggccaggat gtttcectaac
cctcgagage cageccgeta ttcgecaatca gggttacage
gcccagetac ggtcacacge cctecgecacca tgeggegeag
gcatgaggat cccatgggec agcagggetc gotgggtgag
cccggtetat ggetgecaca cccccaccga cagetgeacce
gaggacgecc tacagcagtg acaatttata ccaaatgaca
ctggaatcag atgaacttag gagccacctt aaagggccac

agcacagggt acgagagcga taaccacaca acgcccatcc tctgeggage ccaatacaga
atacacacgc acggtgtctt cagaggcatt caggatgtgc gacgtgtgcc tggagtagec

cocgactettyg tacggtegge

atctgagacc agtgagaaac gccccttcat gtgtgettac

ccaggetgeca ataagagata
actggtgaga aaccatacca
gaccagctca aaagacacca
tgtcagcgaa agttctcceg
gaaaagccct tcagetgteg

ttttaagetg tcccacttac agatgcacag caggaagcac
gtgtgacttc aaggactgtg aacgaaggtt ttctcgttca
aaggagacat acaggtgtga aaccattcca gtgtaaagct
gtccgaccac ctgaagaccc acaccaggac tcatacaggt
gtggccaagt tgtcagaaaa agtttgeccg gtcagatgaa

ttagtccgec atcacaacat gcatcagaga aacatgacca aactccaget ggegetttga
gggetcotece teggggaceg ttcagtgtcc caggcagcac agtgtgtgaa ctgctttcaa

Fig. 4. The genetic sequence of WT1 from Gene Bank (ACCESSION NM_000378 CDS:391..1680). We compared the sequence
of RT-PCR products from K562 with those of WT1 from the Gene Bank. In the figure, the areas of products obtained from
primers of Pair 1 and Pair 2 are shown. It was confirmed that the sequences of WT1 in Pair 1 and Pair 2 are the same as those

from the Gene Bank.
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Fig. 5. The standard curve of real time PCR. (A) The Noise Band was set to the starting point of logarithmically straight area.
(The data with fluorescence intensity lower than this level was considered to be background, and was excluded from analysis.)
(B) Only data with levels higher than the Noise Band is shown. (The logarithmical lineage confirmed.) (C)The crossing point
of Crossing Line and logarithmically straight area was plotted and the analytical curve was calculated. (3k A-C: quantitative
analysis by Fit Point method). (D) The analysis of melting curve: no non-specific peak was seen, only specific peaks appeared

(melting peaks).
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Table 2. The dilution series of control plasmid

PCR products of WT1 DDW
2.83X10" 10u1 Opul
2.83X10° 10ul 0wl
2.83X10° 10pu1 NOpul
2.83X10" 10pul Mpul
2.83X10° 10u1l Nl
2.83X10° 10pu1 NOpl
2.83X10" 10u1 Opul
2.83X10° 10u1 Npl
2.83X10° 10u1 Oul
2.83X10" 10wl NOul

From the size of plasmid included in the PCR products,
the molecular weight of obtained PCR products were
calculated. Based on those calculations, the number of
copies of WT1 in the purified stock solution of control
plasmid was calculated. As a result, the numbers of
copies of WT1 control plasmid was 2.92982 x 10*copies/
ml for pair 1 and 2.82504 x 10" for pair 2. From these
numbers of copies, 10 times dilution series was
obtained.

Table 3. The results of real time PCR (values)

WT1 mRNA level

1 normal ND
2 normal ND
3 Panc ca 8. 032X 10?
4 Panc ca 3.594 X 10%
5 Panc ca 2.491X10*
6 Panc ca 1.791X%10°
7 Panc ca 1. 106 X 10*
8 Panc ca 1. 635X 10°
9 Panc ca 3. 350X 10
10 Panc ca 9.612X10"
11 Metastatic Panc ca 1.278 X 10?
12 Leukemia 3. 559X 10°
13 K562 cell 2.101X10°
ND, not determined
WT1(mRNA) of pancriatic
Average SD
4. 483X 10° +  5.486 X 10*
Min Max
1. 106X 10° —  1.791X10°

For positive control, the human CML stock with high
expression of WT1 (K562) was used. For negative control,
the peripheral monocytes of healthy individuals were used.
The expression of WT1 for each pancreatic cancer tissue was
quantitatively measured. Incases of pancreatic cancer, the
WT1 values were increased as seen in positive control of K562
cells and specimen from remission period of CML. The WT1
values of healthy individuals were low.

Fluorescence (F1)
: &

% % o
Cycle Number

@

Cycle Number

Log Concentration
Fig. 6a. The results of real time PCR using clinical pancreatic
cancer specimen (quantitative analysis by Fit Point method).
The real time PCR was performed on standard series and

clinical specimen simultaneously. In the pancreatic cancer
cases, amplification was seen near 10E2.

Fluorescence (F1)

Fluorescence I(F1)/dT

o e w0 sdo  alo
Temperature (°C)

Fig. 6b. The results of real time PCR using clinical pancreatic
cancer specimen (analysis of melting curve). (1)Specific
melting curve was obtained. The melting occurred at specified
melting temperature. (2)Specific melting peak was obtained.
(*kThe height of peak was proportional to the amount of PCR
product.) (Only PCR product with single melting temperature
was amplified.)
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Fig. 7. Immunohstochemical staining of WT 1. Over expression
of WT1 protein in pancreatic ductal adenocarcinoma.
Expression of WT1 protein was immunohistochemically
analyzed in pancreatic ductal adenocarcinoma tissue. WT1
protein appears brown in carcinoma cells (arrow) (a) but is not
seen in normal pancreatic ductal cells (arrowheads) (b).
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