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Abstract

Objective: To construct a quantitative real-time polymerase chain reaction (qQPCR) based HER2 ampli-
fication detection method for colorectal cancer as a supplement to fluorescence in situ hybridization
(FISH). Methods: Firstly, the process of detecting the copy number of HER2 and RPPH1 genes based on
qPCR platform was constructed, and then the criterion for judging the amplification of HER2 in clinical
samples was established according to the 3o principle and based on the detection results of 30 nor-
mal control samples. Finally, it is verified in colorectal cancer samples. Results: The judgement crite-
ria for HER2 amplification in clinical samples was established, that is, the difference of threshold cy-
cle(Ct) between RPPH1 and HER2 was greater than 1.6. The results of 27 colorectal cancer samples
showed that the detection results of qPCR and FISH were in good agreement (Kappa value was 0.509),
and the sensitivity of qPCR in detecting FISH positive samples were 60% with specificity of 90.9%. In
addition, the amplification level of HER2 in FISH-positive or FISH-negative colorectal cancer patients
detected by qPCR was significantly higher than that in normal control population. Conclusion: It is
feasible to detect HER2 amplification of colorectal cancer by qPCR technology, but it is still neces-
sary to further optimize the detection process and verify it in more clinical samples.
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1. 518

S5 E e WAHE MR 2 — . 48 2020 EFEAE GRS o, FRESS Bl R R BT FRAE
A bR R A AL JE S 2 RNEE 6 Ar, Ferh i Rwifl 55.5 Jifel, FETM 28.6 JiI[1] [2]. 4 E i
PR IHRERIEA W, B A NS #EIR T 2 PR ICIR B 45 B e & R TR A H 2kt £S5 EH
FEVRIT R, JUHLER X e R, RE AR R IR BRI E R, AR B AR KR T2 44 2 (human ep-
idermal growth factor receptor-2, HER2) & & i — AN 5 B (135 77 #E 55 [3] [4].

HER2 1E AR E A K TR KRN EE R A Z —, B&NERZARBETEE. 4 HER2 K 4EZ 4
REfE, 28I RARRENBIRL, BE0E3) T2 %6 TN, RA PN 55 E5H &
Mg R K IE. HilCEIRZ N HER2 MW T1697 HER2 T H4/id Rk M B . 290
RIS S5 R IR, M2 EREPIICE M Z 2R Hi ] T HER2 91 B #8145 B W Y697 [5]s  Bt4t,
PLPTAR 2048 64 (antibody-drug conjugates, ADC) A FIHLHI ) DS-8201 % HER2 FKikHIH 45 H
Jges S AT — & IT RU[6]. 5T HER2 FRak 7KL M8 A = 4 a7 SCR I TAN {8, B BT 224
FUME TR T AROCHE AL, MRZER HER2 FT TN 25 B e 4l BT ot B B = [7]. BB R E |
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i 24 i W B4 P R (Food and Drug Administration, FDA) L #E 4Bk 2 #HE 1] HER2 45 B 1179 1) 5 #5358 24
EE RS M Z Ay H ATk B, HER2 97 88/26 1k 7K 1 X 45 B 7 e i B v 7 200 SR i 00 25 U
REERZ AU

PR 4428 B A (Fluorescence in situ hybridization, FISH)A 45 24k (immunohistochemical, IHC)/&
H BT I HER2 3718 /3 263 ) 32 2732, FISH+EK THC 3+52 % I A9 HER2 FHE 34 5 bl o I PRI 7T SR
HER2 ¥ 254%7 % ADC DS-8201 %} HER2 3£ IA(IHC 2+/ISH-B IHC 1+) ()7L IR BB A 2, %A
FUEE AR HER2 PH 4340 5 Y0 6] F) [ A 52 7B ) e 8, D fo S o ff b AR 1) HER2 B ) 26547 (1) 3
ANFBE. HIR IHC 1 FISH £ IR HER2 fill 1) & M 5%, A FHAAES B RRME, KT EERE M
8% Iz v/ (quantitative polymerase chain reaction, gPCR) [8] [9]. Wi %7 PCR (droplet digital PCR, ddPCR) [10]
[11]6%) HER2 J: A9 A I LA F J5k T ST ¢ o't i e lfi 4 5 56 5 Wi 5% /< M. (Real-Time Quantitative Reverse
Transcription polymerase chain reaction, qRT-PCR)#) HER2 & [FZ A AN [12] FH O 5T iRtk 2 o Tl
PR FISH 5 IHC K 25 5RA— B LA S Im R FEA BT ART & FISH B¢ IHC B brdE 5oL, £5T PCR e
W77 LIMESN HER2 A2 7%, (HIX 77 HER2 FHMEHE A1t & L5 FISH. IHC Faill 45 53
() — BV R B — P IR IE

RHAS [E] ) HER2 4 3G/ A A M T v 45 R — 2k, JRER 5T HER2 9 38/ 3835 0 45 B Wi A ) 4 B
BITIT R TANAE, AHE O R R BUERT 7T, AN Z /D 40 Bil5E52 F AR UIBRIGTT 145 B W B3 Uk
FEARIR AR SE . Ao 63 ) 20 4 BE S (Formalin Fixed Paraffin Embedded, FFPE), 7354 f IHC. FISH.
qPCR HoAR KMl 28 B e 23 HER2 RiA 54 361500, #EM RS i AR TR HER2 45 5 1) — 3
PEo XA FA B NIGIR HER2 A I Bt — P B B 77 1%, RIS R 45 B W AR S 4l Bhia T 20 1 Tt
Pt — P SRR B

2. M5 A%
2.1 BESHELXRE

AW TR 6 T I E N RERBe #5245 B e TR BB A \HC AR & 1045 B e 8% TR
HAGIIRA . I A TR AR ISR AEL R AT AR /R AR E . A AN R AL PR, JFAR 57 AR
HEA(WHO) AL LA 12 W br e 58 iU B2 W . 200 705 58 OB T BN REEBEAR B R 2 It (e B4t
PF5: 2023488 W25 (03)). FrA SEEREI ™ IR Ob/R V2R E 5 ) R lm PRI FUR SR i F AL E AT .
TR T B AR Bm B, (SO T AR RIBE DT Fra b A RO AT SR BLEDR, A
X G BN E . NIREEHERALSEENEN, IrA AR S 8 5T Mg, HATR
HEHERFHER .

22. I3

2.2.1. FISH #&3

18 A AU ) E RS B BR A 711 HER2 JE K B AG 7 &2 (98 Y6 JE A 2 A8 vE) iEAT FISH 43
BT o RCMAREUN R« B2l & 2N 3 UKW FRPE 4430 i, LA CSPL7 XHRIRE NS4, TPl HER2
BRI DL AR5 {8 B OLYMPUS (BEAK B2 37) BX53 75 S B W2 U A w98 q5 55 {3 CCD MILER
BB, FEEA Imstar 42 H 3058 6L 3 A RGIAT 7087 o A5 5 THEOR T PR A DL bR
EV R FIEE 2 AN I DL E BRI X, A X E TR 30 N, i ih B S TSN R
AN I AR, RIS L R AT . HER2 JE[RI 38 (R BH 1 40 @ AR dE D 7E KT 50% 01 b8 4l o
HER2/CSP17 LAl > 2.0,
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2.2.2. DNA $2H

TEMR FFPE AEAS 2L DNA B, J8Id HE et R VPRI TGE H e 40 i 2 & 2 08 ORE AR, AT ]
FEMROR G2 DNA HEHURIJE A I R A6 250t o S AR B e R A i 3 A 2 R 2H DNA $2 3R & (b o
HZevi: DP7121) M\ FFPE £ 4 73 B5 DNA. B IRGUIE: Al FHBIARE (1) AR 25 6 TOTV IS R4 4 i R K
TN AL TR, SR 5 BRI 4 DNA TE 51 2517 SRS T Ik BRI T 25 Oofd A REFE IR, Fdd — R AR
YL - B OB BRIG A ACEY)  BR SRR BT 2B, S5 1 PG 3 AR i 22 K 44 B[R 2H DNA A
o AR O B e
2.2.3. qPCR &1

f# % X Lighteycler 96 % HER2 Al RPPH1 %: X347 qPCR £l HT- qPCR [ISEAX IR 51 ¥ FIERET
7 H135 K B FERAEDALE TR S BRI R X & = 105 S5t 3 SHFGEHI0), BARGAER
ERFIITR: RPPH1-F: AGCTTGGAACAGACTCACGG: RPPH1-R: AATGGGCGGAGGAGAGTAGT;
RPPH1 54l CCTGCGGGGTACCTCACCTCAGCCA; HER2-F: CCATGCGGGGTAGAACCTTT; HER2-
R: CGCAGTTAGCGCCTACCATA; HER2 ##f: CCTGTTCACCACTCTACCTCCAGCACA. gPCR )
SR PCR JMAE 96 FLAR BiiAT, [ONAR FAGE R AN A5 HER2 SRR S SR &5 A 2 FE K
MARR, SRR A 20 uL AR, ALE 2 uL FEKIZL DNA #E4R. 0.6 ul IE A 5481 0.6 uL % [A1 514
0.4 uL Z5CHREFAN 10 pL 8 AR G URI(TAKARA #4122 H gPCR 5f] RR393A), 4 TG B K55 o
QPCR SUVAEFF B E AN R : HSGRAE 95°C MHRFLETIANE 30 s, REREANTEIA Y P B, HLdktT 40 MG,
MBI EHE N 95°CARE 5's M1 58°C Il K 4EH 30 s,

2.3. Gt ot

fiH GraphPad Prism5.0 #f4F5E G it 7r 4. R o & /RG fiar 46 70 A 43 2838 B 2 (B AH DG, R
Mann-Whitney/Kruskal-Wallis 4558 43 #7312 22 A% & 5 53 2848 B 2 (8] RIAF 1 DA R [R) 4H ) B 1) 22 e Sl 35
P, KH] Kappa 28T iEA5AS [ HER2 R 5 925 22 18] () 25 5 — 3ok

3. &R
3.1. BEIGKRIFE

3t 40 B4 B B, SR ANTE 45~89 %, F &Ll 5:3, 4w A E AR S 1109, 1E
40 BIZ5 B, 46K 28 B0 B T 2 I3 T P Hh 201 s (35%0) A5t 27 BV 1 Hh 43 Ak B (50%) - K 43
BB ARG REZATATIRTT, HoR B B2 (R R + REMIE) . A [T 5 M bs £k
M &5 GoR, AU MEFUEAEAE RS> 3 (6 1) Fisher's KR I6 45 B Eox, A, Mg ir &, Mgkl
HER2 IHC #:il1 45 575 2.2 56t . Mann-Whitney/Kruskal-Wallis #5645 B 5 oR, 5 HER2 IHC A& 45
ESNTE SN

Table 1. Clinical characteristics of patients

1 BEIRKREHE

I AR AIE AR (L)
<60 9 (22.5%)
ES 60~69 9 (22.5%)
70~79 17 (42.5%)
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>80 5 (12.5%)
- ik 25 (62.5%)
peq i 15 (37.5%)
R 17 22 (55.0%)
HY 18 (45.0%)
Wee b AR i A o B 14 (35.0%)
Ji g 257 159 BRI A B 20 (50.0%)
HoAth 6 (15.0%)
T7 (IR + R IRibiE) 12 (30.0%)
AT (RIPFAR + HURMEE ) 2 (5.0%)
UNEVES WI7 + FEFAIT (REFRIE + DURERST) 1 (2.5%)
FEIiaIT (BB ) 1 (2.5%)
¥ 24 (60.0%)
0 6 (15.0%)
1+ 22 (57.5%)
HER2 IHC
2+ 9 (20.0%)
3+ 3 (7.5%)
1F#(0.0~5.0 /NI J#|0.0~10.0 W) 32 (80.0%)
AR Al CEA S 7 (17.5%)
SR A 1 (2.5%)
1E%#(0.0~30.2) 38 (95.0%)
AHif CAL25 T 1 (2.5%)
A 1 (2.5%)
1E%#(0.0~37.0) 38 (95.0%)
A A CA199 SH 1 (2.5%)
AAS 1 (2.5%)
?%HER& ANRREKN TR 2; IHC: ABHLMEY; CEA: JEEPUE; CAL25: BEHUE 125; CA199: Fik
i 199,

3.2. IHC #1 FISH #&—& 4947

AW FERE 40 I 45 B s S 1T AR A SV BEFE A 73 591 JF € THC A FISH A, Horb IHC A2l HER2
FiA, FISH Kl HER2 LK1, HARKIMLE R ILF 2. IHC Kl &5 R IR, 7E 40 HIFEA+, HER2 &
2k DURAKCE A, Hod 071+ EL ik 70%, 3+ ELAIMY Ty 7.5%. FISH Aill4gh B R, 78 40 ikt
At HER2 JE[R9 3B 5 Lik 85%, A/DEFEARIN Y FISH BHIE. LLH IHC A1 FISH By 77 %
IS FRIL, 1HC 0 Al 3+43 X B FISH BRAEFIPEME, 17 IHC 1+ L F-4s3B#R 2 FISH B, IHC 2+ F
22.2%9 FISH B, #&7R IHC 2+ AN RE B EH e A, 6 75 Bt FISH 3 — B 5RiiE
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Table 2. Consistency analysis of results between IHC and FISH
Fz 2. IHC FA FISH #&UEE R —BME 547

FISH #:30, %05 (%)

IHC #l
FISH BH % FISH [§]1%
0 0(0) 6 (100)
1+ 1(4.5) 21 (95.5)
2+ 2(22.2) 7(77.8)
3+ 3 (100) 0(0)

VE: IHC: HiZHAUbE, FISH: OGFRALAAL .

3.3. qPCR #&iM AN FI iR E R FIE

qPCR A 1 HER2 4™ 388 B M 1) 340 5 b v 1) 2 LR 20 = 7 S0 B 30 91 18 5t BN T S 2L S URE AR,
PEHUH LN ZH DNA, i FEREHER A A HER2 F1 RPPHL JE K I7E I RIME (Ct 1H), SR )G tH B AEBIRE
A HER2 A1l RPPH1 ZE[K ) Ct ZE{H ( ACt = Ctoppyy — Cliery )% ACE HISFE{H (Mean) FIAR#E 2 (SD),  #ie)m
B RFEA HER2 FE [K 94 (1) BH 4 ) s AR E A ACt > (Mean + 3*SD). 30 {5 1E & X BE A A (A 0] 45
BoR, WS RPPHL [f) Ct{Hyu [y 25.0~31.1, #EFEH HER2 [f) Ct {EVE RN 24.3~31.9, ACt {HiuH
N-1.6~0.7 (fF & 1IEZ 0 A), #E—5i15 Mean N—05, SD A 0.7, i ANLLEAZ, H& e bR Eis
N ACt > 1.6,

3.4.qPCR S5 H MM /5 EMN—BUE 54

Table 3. Consistency analysis of results between gPCR and FISH
% 3. qPCR # FISH #&M£5 R0 —B1E 55347

qPCR & ill, % (%)

FISH #:il
qPCR PFH gPCR AT
[KEEE 3 (60) 2 (40)
F 2(9.1) 20 (90.9)

VE: FISH: ZeNJRAIZ43T; qPCR: SER 3G E B R A EEEE SN .

Table 4. Consistency analysis of results between gPCR and IHC
2 4. qPCR #0 IHC 1 MEE R — 1% 547

qPCR #&ill, % (%)

IHC &30

gPCR FH % gPCR A%
0 0(0) 4 (100)
1+ 0 (0) 14 (100)
24 3 (50) 3(50)
3+ 2 (66.7) 1(33.3)

H: IHC: R LULY: gPCR: SEA 56 R A B R B

TEABETEH, 13 45 B A AR At T 52 B DNA L& RIAFIER, AR#EATf54E qPCR A3,
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&L 27 45 B e A EREA 52 i T qPCR Al Xt b qPCR A1 FISH A& 45 3 5675 , Kappa i 0.509,
FEORPE PRI 25 B H A R — U (55 3). LRI IEH X IR . FISH BAYESS B de . FISH PS5 B i 2 1]
fJ qPCR Faill 4 SRR, SRS B e (JC i FISH A 45 S Unf) i) ACt {8, LAK FISH BHTE. FISH BHE
S5 e R 1 ACt BB T IR B RS, {2 FISH BIYE S FISH FI1ESS B e B 2 18l ACt %
BEZRPIE =0.0981, & 1(A)). XfEL gPCR A1 IHC K il 45 B 5oR H [RIREA#a %, Kappa {4 0.419 (%
4), FEARGEH e EE T ACHE, LA HER2 {RFRIA(0/1+). HER2 mi3RIA(2+/3+) 45 B & 1) ACt ¥
BT IEFE R R, {2 HER2 ik3#14(0/1+) 5 HER2 M ik (2+/3+) 4 B e g 2 Il B =7 (P
fH =0.0896, 4 1(B)),

(A
\ sk !
8 | ok | '
L ks '
6_
44
)
<
2_
——
LT BEd == Ed
27 % & < &
5 S & &
8 <@3>® g
e
W R
(B)
| seskosk |
89 : #k | '
oKk —
Jf T
4
&)
<
2-
1 =g
2 % 2 2 @
/%/ &\Q\\ WXQ) "f@‘g@

VE %% B P A ZINT-0.0001; **5% 87 (1) P B 25T 0.0011.
ACt & RPPH1 5 HER2 [1J Ct Z1{H.

Figure 1. Difference of gPCR detection results between
different groups. (A) Grouping based on FISH results; (B)
Grouping based on IHC results

B 1. FEISEZ 8 gPCR WMERMER. (A) &
F FISH #MLER M 4E; (B) EF IHC MR YA

DOI: 10.12677/acm.2026.163993 2048 I A [ 2 3k


https://doi.org/10.12677/acm.2026.163993

THE, Mo &

4. W1ig

TR, HER2 BB a) 25 7525 M MR vE 7 R I N AR 21 132 %3, FDA T IE Sk -~ £ Je (tucatinib)
WA Bk B TR )T BE 2 RS . BRYD RN 3 B B AR AT S s R ) RAS BF AR
HER2 BHE AN T V) Bk BAE A% 1t 45 B i BN B . CSCO 45 i 1297 T Ity , % T3 52 hrifk
BIT R R, TP HER2 ¥a97 . BT, 45 BT HER2 MRS 7 v F I Wibs il L2 5% %
Il PRAJE FC £ 8 72 - 1 1, 76 HERACLES WF 5T H, % HER2 BHPE 2 SN “50% LA _E IR fioRg 40 g 23 3+
WHR YL B oA 2+, SiH (A 10%~50% (140 i 80 3+ 44, WIFRE— S H FISH J5ikilt 47560 . FISH
7518 HER2 PR SE XN “50% K M 4i il HER2/CEPL7 Hufl >27 [13]. WAt Bor, IHC 2+H19%
B, 45K 2 $0(80%~85%) S br F A EEF Y1, KA “IHC 2+/FISH BAME” [14], XL BFAREMN
HER2 $E[my6s7 ik ad; /NS B (15%~20%) fAE SRR 938, FROA “IHC 2+/FISH BHIE” , XELEHEEH
TAE B2 HER2 #E[AEYT . S8 IHC 5 FISH Frllgs RA—BW R N E 2, BRMERREM. FARES
FEAFELLAL, 1 ONHIEET HER2 B A RIAK P32 2 s HAMOZELRE NG, 0285, #
PRV AR MR S e R ALEI R s2mT, R S 80 AR IE SRR MRS 54—

IHC B A BAIRAETE R, BABAR ., HARBARIR A, O 2T & HEITH; FISH fa il =z
PR TR AREEAE ST A AR R PSR A5t B DAE BB & . BT IX— IR TR, AWt
AR T —FiEET qPCR “F & 1 HER2 # #4k Il /7728 FISH f%h 78, qPCR MIRZ OMERAE T EA &
WE. B, POl B AU HREHR RS A 1 2 5 1R AT [15]. B4R FISH Al gPCR Al
JiiF85 7 N DNA AKFEATHI, AR RERAEAFAE— € W25 FISH I 2 IRE A4, B35 MR
4T HER2 2RSS 555 17 5 Yu (k35 4 bi(CEPLT) {5 5 1 EL (i (HER2/CEPL7Y ratio) Az ~F- H4145 > 4l )
HER2 J&[A45 DIHGIEAT AHOCHIWr, 17 qPCR 238 i e B HER2 JE RIF6 RE L K] RPPHL )R Bris it
RS S FERER, JRARIE CtE 22 7 FIbT & S /A (E HER2 ¥ 314[16]-[18]. N T #i& gPCR il HER2 &
R B e b, FRATTRA “30 #EN” (IS A B MG THER): ST M IEZS 70 A (£,
2] 99.73%HIEME AL (1) £ 3 FEFRHEZ (o)X A Y, 68 H VS B R AR 2R AN 2 0.3%, AT HIE A
SHAE. FT U, RE AR ENRERE N Ct Z1EH (CtRPPH1-CtHER?2) > 18 (1) + 3 f5br#E % (0)

TEARFCH, 7T qPCR T & 1 HER2 §#9 K6l 5 FISH AR 25 5 B A5 o B — 2 (Kappa {. = 0.509);
B0V qPCR HIS Wik ae &I, FARM FISH BHIEREA 1R BUE N 60%, H551EN 90.9%. A FAHE
] gQPCR L4 IR, 45 B e B (Gie & FISH BHMEIE & FISH BHME) K HER2 4 16/K - 5.2 & T 1E
BTN, {HH AT QPCR AR AT ANE R B, HIX 4 FISH BHPERT FISH BV R HERfG R AT 75 it — 25
e . T3 gPCR F FISH &5 A —E W JE R EHG LA NP7 TH : 1. FISH Al 75 LR 2R 4E ) i . 208
SHARANIE S L4000, KRR PRI I X AT UM, 1 gPCR N2 PREUEANH 2 )i & DNA,
LA B ALK, HER2 I MG 5 2 KEAE MW IEH 410 DNA “Wikt” , SEURMITES
H[19]. 2. %Ext 17 Syt iR DB N A4 % HER2 LY #1150, FISH #&:ill £l HER2/CEP17
EAE A TE B PHPERRHETT A PE: qPCR &M HER2 A1 RPPHL JE K43 HIAL T 17 5 YLt Rl 14 5 Je ik,
17 SR L A5 A2 T3 HER2 B:[R#8 DIKCH X THsr, Kk gPCR 25 3R & WoRBATE[20]. 5541, AHESE
IR AR SR EBUD, U HER2 3G BHPEREA, 1X 0] B8 S B MR I 77 1 (10— Bk 45 A K 1
JE ST TR T RAEAE, 3E—2PI0UE qPCR AR 7575 1R Aff 1

5. &
b FTR, ATFRAIBTIR T 5T qPCR F &1 HER2 F 8 3, %7 A % 4115 FISH
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Rl 45 R B A B 1 — ek, WAy FISH A A EAN S T-BL, 9 HER2 ¥ R ISR it B B k% . KRR
AP — PR AT RAL, IR ZR FR I 25 S0 25 B e 55 RS i IR 7 S T R TN A

E&WmE
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