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∫∑§—¥¬àÕ
°“√µ‘¥‡™◊ÈÕ‰«√—  Human papilloma ™π‘¥ 16 (HPV16) ®—¥‡ªìπªí®®—¬‡ ’Ë¬ß∑’Ë ”§—≠µàÕ°“√æ—≤π“‡ªìπ¡–‡√Áß

ª“°¡¥≈Ÿ° ‚¥¬‡©æ“–À“°æ∫„π√Ÿª·∫∫∑’Ë·∑√°µ—«‰ª∫π®’‚π¡¢Õß‡´≈≈åª“°¡¥≈Ÿ° (integrated HPV) °“√»÷°…“π’È
¡’«—µ∂ÿª√– ß§å‡æ◊ËÕæ—≤π“‡∑§π‘§°“√µ√«®À“√Ÿª·∫∫¢Õß‰«√—  HPV16 ¥â«¬«‘∏’ multiplex real time PCR ‚¥¬
∑”°“√À“ª√‘¡“≥¢Õß®’π à«π¢Õß E2 ·≈– E6 ¢Õß HPV16 ®’‚π¡ ¥â«¬ Taqman probe „πÀ≈Õ¥‡¥’¬«°—π ‡æ◊ËÕπ”
¡“§”π«≥Õ—µ√“ à«π E2/E6 À“°‡ªìπ episomal form  ®–¡’Õ—µ√“ à«π¢Õß®’π∑—Èß Õß‡∑à“°—π ·µà integrated form ¡’
Õ—µ√“ à«π E2 πâÕ¬°«à“ E6 æ∫«à“®”π«π‰«√— µË” ÿ¥∑’Ë«—¥‰¥â ¡’§à“ 103 copies (CV<10%) ·≈–‡°≥±å∑’Ë„™â·ª≈º≈
«à“‡ªìπ episomal form ¡’Õ—µ√“ à«π E2/E6 Õ¬Ÿà√–À«à“ß 0.83-1.29 „π¢≥–∑’Ë complete integrated form ¡’Õ—µ√“ à«π
E2/E6 ‡∑à“°—∫ 0 ·≈–‰¥â∑¥≈Õßπ”‡∑§π‘§∑’Ëæ—≤π“π’È‰ªµ√«®°√Õß‡∫◊ÈÕßµâπ„πµ—«Õ¬à“ßºŸâªÉ«¬ 30 √“¬ ´÷Ëß·∫àß‡ªìπ
√–¬–°àÕπ‡ªìπ¡–‡√Áß (dysplasia)  ·≈–√–¬–¡–‡√Áß≈ÿ°≈“¡ (invasive cervical cancer) Õ¬à“ß≈– 15 √“¬  “¡“√∂
µ√«®æ∫ integrated HPV16 „π°≈ÿà¡ invasive cervical cancer 93% (14 „π15 √“¬)  Ÿß°«à“„π°≈ÿà¡ dysplasia
66% (10 „π15 √“¬ ) Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p< 0.05) ‡∑§π‘§∑’Ëæ—≤π“π’È¡’§«“¡‰«‡æ’¬ßæÕ∑’Ë®–„™âµ√«®À“‰¥â
∑—Èß√Ÿª·∫∫·≈–®”π«π¢Õß‰«√—  °“√»÷°…“π’È®÷ß‡ªìπ¢âÕ¡Ÿ≈π”√àÕß‰ª Ÿà°“√»÷°…“„π¢—ÈπµàÕ‰ª ‡æ◊ËÕª√–‡¡‘πª√–‚¬™πå°“√
µ√«®«‘π‘®©—¬‰«√— „π√Ÿª·∫∫ integrated HPV «à“®–¡’»—°¬¿“æ„™â‡ªìπµ—«∫àß™’È„π°“√æ¬“°√≥å°“√¥”‡π‘π‚√§ ÷́Ëß®–
µâÕß∑”°“√»÷°…“„π®”π«πµ—«Õ¬à“ß∑’Ë¡“°¢÷Èπ·≈–·ª≈º≈√à«¡°—∫§«“¡√ÿπ·√ß¢Õß‚√§µàÕ‰ª

§”√À— : ·ª∫ªî‚≈¡“‰«√— ™π‘¥ 16, integrated HPV, √–¬–°àÕπ‡ªìπ¡–‡√Áß, multiplex PCR, Taqman probe

∫∑π”
¡–‡√Áßª“°¡¥≈Ÿ°‡ªìπªí≠À“ ”§—≠„πª√–™“°√À≠‘ß

∑—Ë«‚≈° ́ ÷Ëßªí®®—¬‡ ’Ë¬ß∑’Ë ”§—≠ à«πÀπ÷Ëß¡“®“°°“√µ‘¥‡™◊ÈÕ
¥’‡ÕÁπ‡Õ‰«√— ∑’Ë‡√’¬°«à“ human papillomavirus (HPV)
HPV16 ®—¥‡ªìπ™π‘¥ high-risk HPV ∑’Ëæ∫„π¡–‡√Áß

ª“°¡¥≈Ÿ° Ÿß°«à“™π‘¥Õ◊ËπÊ ¡“°°«à“√âÕ¬≈– 50 ¢÷Èπ‰ª (1)

πÕ°®“°™π‘¥¢Õß‰«√— ·≈â«  ª√‘¡“≥‰«√—  (viral load)
·≈–√Ÿª·∫∫¢Õß‰«√—  (physical state) ∑’Ë·∑√°µ—«Õ¬Ÿà
„π‚§√‚¡‚´¡¢Õß‡´≈≈åª“°¡¥≈Ÿ° (integrated HPV)
®—¥‡ªìπµ—«∫àß™’È∑’Ë ”§—≠„π°“√∑”π“¬°“√¥”‡π‘π‚√§·≈–

1 »Ÿπ¬å«‘®—¬·≈–æ—≤π“°“√µ√«®«‘π‘®©—¬∑“ßÀâÕßªÆ‘∫—µ‘°“√∑“ß°“√·æ∑¬å §≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
2 ¿“§«‘™“ Ÿµ‘»“ µ√å·≈–π√’‡«™«‘∑¬“ §≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
* ºŸâ√—∫º‘¥™Õ∫∫∑§«“¡
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Abstract
Infection with high-risk HPV has been implicated as one of the major risk factors of cervical cancer.

Integration of viral DNA into host DNA is essential for cervical carcinogenesis. This study was aimed
to develop a multiplex real-time PCR to quantify Early gene 2 (E2 gene) and Early gene 6 (E6 gene) of
HPV16 using Taqman probe. The ratio of E2 and E6 copy number was calculated to determine physical
status of HPV16. The pure episomal form was expected to have an equivalent copy number of E2 and
E6 gene giving rise to E2/E6 ratio of 1 whereas, viral integration  resulted in less E2 than E6. The
detection limit as well as precision of this developed method  were obtained at 103 copies with CV of
less than 10%. Cut off value of E2/E6 ratio for complete episomal form was found  more than 0.83,
whereas complete integration was expected to 0. This method was further analyzed with DNA from 15
pre-invasive or dysplasia lesions and 15 invasive cervical carcinoma tissues. The percentage of  total
integration form in invasive cases showed significantly higher than pre-invasive cervical lesions which
obtained about 93%(14/15) and 66%(10/15), respectively (p value<0.05). The method described here
is sensitive to assess the physical state as well as viral copy numbers, which suggests as a potential
marker for disease progression. Furthermore, followed-up cases should be studied in large scale sample
sizes in order to evaluate its potential as prognostic marker in cervical cancer.

Key words : HPV16, integrated form, dysplasia, invasive cervical carcinoma, Multiplex  quantitative
PCR, Taqman probe

§«“¡√ÿπ·√ß¢Õß¡–‡√Áßª“°¡¥≈Ÿ°µ≈Õ¥®π„™â„π°“√
µ‘¥µ“¡º≈°“√√—°…“‰¥â (2,3)

‚¥¬∑—Ë«‰ª√Ÿª·∫∫¢Õß‰«√—  ∑’Ëæ∫„π‡´≈≈åª“°¡¥≈Ÿ°¡’
2 √Ÿª·∫∫ §◊Õ episomal  form  ·≈– integrated form(4)

episomal form ‡ªìπ‰«√— ∑’Ë¡’®’‚π¡ ¡∫Ÿ√≥å Õ¬Ÿà„π√–¬–
°“√·∫àßµ—«‡æ‘Ë¡®”π«πµ“¡«ß√Õ∫™’«‘µª°µ‘ „π¢≥–∑’Ë
integrated form æ∫«à“¡’°“√µ—¥®’‚π¡¢Õß‰«√—  à«π
Early2 (E2 gene) ∑—ÈßÀ¡¥∑‘Èß°àÕπ∑’Ë‰«√— ®’‚π¡ à«π  E6
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‡∑§π‘§∑’Ë„™â„π°“√µ√«®À“√Ÿª·∫∫¢Õß‰«√—  ‰¥â·°à
2D gel elctrophoresis(10) ·≈– quantitative PCR  (11,12)

‡ªìπµâπ „πªí®®ÿ∫—π‡∑§π‘§ real time PCR  ‰¥â¡’°“√π”
¡“„™â·æ√àÀ≈“¬¡“°¢÷Èπ ·≈– “¡“√∂¥—¥·ª≈ß‡æ◊ËÕ
∑¥ Õ∫À“ª√‘¡“≥·∑π«‘∏’ conventional PCR ‡¥‘¡‰¥â
‡ªìπÕ¬à“ß¥’ ¥—ßπ—Èπ°“√»÷°…“π’È ¡’«—µ∂ÿª√– ß§å ‡æ◊ËÕ
æ—≤π“‡∑§π‘§ °“√µ√«®À“ integrated HPV 16  π”√àÕß
‚¥¬«‘∏’ multiplex real time PCR „π à«π¢Õß E2 ·≈–
E6 gene ‡æ◊ËÕ„™â‡ªìπµ—«∫àß™’È·≈–∑”π“¬°“√¥”‡π‘π‚√§
(prognostic marker) ·≈–µ‘¥µ“¡º≈„π°“√√—°…“ ¡–‡√Áß
ª“°¡¥≈Ÿ°µàÕ‰ª

«— ¥ÿ·≈–«‘∏’°“√»÷°…“
1. Primers ·≈– probe ∑’Ë®”‡æ“–µàÕ®’π E2 ·≈–

E6 ¢Õß HPV16 °“√À“ª√‘¡“≥¢Õß®’π‡ªÑ“À¡“¬ „™â
À≈—°°“√¢Õß TaqMan probe ™π‘¥ TAMRA ‚¥¬
¥—¥·ª≈ß primers ·≈– probe ®“°°“√»÷°…“¢Õß
Pietsaro ·≈–§≥– (12)  µ—«∫àß™’È∫πprobe E2 „™â VIC
·≈–probe E6 „™â FAM º≈‘µ¿—≥±å¢Õß Applied
Biosystem  À√—∞Õ‡¡√‘°“ · ¥ß≈”¥—∫‡∫ „πµ“√“ß∑’Ë 1
‚¥¬¡’ VIC ·≈– FAM ‡ªìπµ—«∫àß™’È ¢Õß E2 ·≈– E6
probe µ“¡≈”¥—∫

·≈– E7 gene ®–·∑√°µ—«‡¢â“‰ª„π®’‚π¡¢Õß‡´≈≈åª“°
¡¥≈Ÿ° ‚ª√µ’π∑’Ë √â“ß®“° E6 ·≈– E7 gene π’È‡Õß∑’Ë¡’
∫∑∫“∑„π°“√°àÕ¡–‡√Áß ‚¥¬ E6  ‡√àß„Àâ®’πµâ“π¡–‡√Áß p53
 ≈“¬µ—«¥â«¬¢∫«π°“√ proteolysis(5)  à«π E7 ®–®—∫
°—∫®’πµâ“π¡–‡√Áß Rb ∑”„Àâ  E2F  ´÷Ëß‡ªìπtranscription
factor À≈ÿ¥ÕÕ°‰ª°√–µÿâπ„Àâ‡°‘¥cell proliferation(6)

∂÷ß·¡â«à“ªí®®ÿ∫—π¬—ß‰¡à∑√“∫·πà™—¥∂÷ß°≈‰°·≈–µ”·Àπàß∑’Ë
·∑√°µ—«¢Õß‰«√—  ·µàÀ“°°“√·∑√°µ—«π’È ‰ªÕ¬Ÿà „π
µ”·Àπàß∑’Ë‡°’Ë¬«¢âÕß°—∫∫√‘‡«≥∑’Ë¡’°“√§«∫§ÿ¡„Àâ‡æ‘Ë¡
®”π«π®’π°àÕ¡–‡√Áß ‡™àπ c-myc °Á®–‡ªìπ°“√‡√àß°“√
¥”‡π‘π¢Õß‚√§‰ª Ÿà√–¬–∑’Ë√ÿπ·√ß¢÷Èπ(7,8) °“√µ√«®À“
√Ÿª·∫∫¢Õß‰«√— „πÀ≈“¬°“√»÷°…“ ¡—°√“¬ß“π°“√À“
Õ—µ√“ à«π√–À«à“ß®’π E2 ·≈– E6 (9-12) ‚¥¬  episomal
form ‡ªìπ√Ÿª·∫∫∑’Ë‰«√— ‡æ‘Ë¡®”π«π„π host cell µ“¡
«ß®√™’«‘µª°µ‘ ®–¡’®’‚π¡ ¡∫Ÿ√≥å°≈à“«§◊Õ ‰¡à¡’°“√µ—¥ à«π
E2 ∑‘Èß ¥—ßπ—ÈπÕ—µ√“ à«π√–À«à“ß®’π E2 ·≈–  E6 ‡∑à“°—∫
1 ·µà  integrated form  ®–¡’Õ—µ√“ à«π√–À«à“ß®’π E2
·≈– E6 ‡∑à“°—∫ 0 (8,9) Õ¬à“ß‰√°Áµ“¡‡√“Õ“®æ∫√Ÿª·∫∫
º ¡ (concomitant or mixed form) ¢Õß  integrated
form °—∫ episomal form ´÷Ëß®–¡’Õ—µ√“ à«π√–À«à“ß®’π
E2 ·≈– E6 ¡“°°«à“ 0 ·≈–πâÕ¬°«à“ 1

µ“√“ß∑’Ë 1 Primers ·≈– Probes  ”À√—∫ TaqMan  qPCR ÕÕ°·∫∫µ“¡°“√»÷°…“¢Õß  Peitsaro ·≈–§≥– (12)
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2. æ≈“ ¡‘¥∑’Ë¡’™‘Èπ à«π ¢Õß HPV  ®’‚π¡™π‘¥16
clone ™‘Èπ à«π ¢Õß HPV16 ∫√‘‡«≥ E2  ·≈– E6 „π
æ≈“ ¡‘¥ pGEMT Easy Vector (º≈‘µ¿—≥±å¢Õß
Promega ) ®”π«π 2 clones ‰¥â·°à clone HPV16E-2
∑’Ë¡’ à«π®’π E2 ·≈– clone HPV16E-6 ∑’Ë¡’ à«π®’π E6
„™â‡ªìπ·À≈àß DNA „π°“√ √â“ß°√“ø¡“µ√∞“π°“√‡æ‘Ë¡
™‘Èπ à«π·≈–À“Õ—µ√“ à«π¢Õß®’π E2/E6 ¥â«¬‡∑§π‘§
multiplex qPCR

3. cell lines ¢Õß¡–‡√Áßª“°¡¥≈Ÿ° ∑’Ë¡’ integrated
HPV16 ‰¥â·°à SiHa cell line  ∑’Ë¡’ complete integrated
virus ‡∑à“°—∫ 1-2 copies µ“¡≈”¥—∫ (9) ‚¥¬‰¥â√—∫§«“¡
Õπÿ‡§√“–Àå„π°“√‡µ√’¬¡ cell lines ®“°√Õß»“ µ√“®“√¬å
·æ∑¬åÀ≠‘ß·®à¡„  ‡æ’¬√∑Õß  ¿“§«‘™“®ÿ≈™’««‘∑¬“ §≥–
·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ  °—¥‡ªìπ DNA ‚¥¬
„™â Wizard® SV genomic DNA extraction kits
(º≈‘µ¿—≥±å¢Õß Promega) ·≈–„™â DNA ∑’Ë °—¥®“° cell
lines π’È ‡ªìπ positive control  ”À√—∫°“√µ√«®
integrated HPV16

4. ™‘Èπ‡π◊ÈÕµ—«Õ¬à“ß µ—«Õ¬à“ß∑’Ë„™â ‡ªìπ™‘Èπ‡π◊ÈÕ ¥
(tissue biopsy) ∫√‘‡«≥∑’Ë‡ªìπ√Õ¬‚√§ ‡°Á∫‚¥¬ Ÿµ‘π√’
·æ∑¬å®“°°≈ÿà¡ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√«‘π‘®©—¬·≈–‡¢â“√—∫°“√
√—°…“∑’Ë tumor clinic §≥–·æ∑¬»“ µ√å ‚√ßæ¬“∫“≈
»√’π§√‘π∑√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ °“√»÷°…“π’È‰¥â√—∫°“√
√—∫√Õß®√‘¬∏√√¡°“√«‘®—¬„π¡πÿ…¬å ®“°¡À“«‘∑¬“≈—¬
¢Õπ·°àπ ‡≈¢∑’Ë HE 480227 ºŸâ‡¢â“√à«¡‚§√ß°“√‰¥â√—∫
°“√∫Õ° ‘∑∏‘·≈–≈ßπ“¡¬‘π¬Õ¡ °≈ÿà¡ºŸâªÉ«¬∂Ÿ°·∫àß‡ªìπ
2  °≈ÿà¡ ‰¥â·°à °≈ÿà¡√–¬–°àÕπ‡ªìπ¡–‡√Áßª“°¡¥≈Ÿ° (pre-
invasive À√◊Õ dysplasia) 15 √“¬ ·≈–°≈ÿà¡‡ªìπ¡–‡√Áß
ª“°¡¥≈Ÿ°√–¬–≈ÿ°≈“¡ (invasive carcinoma) 15 √“¬
∑—Èßπ’ÈºŸâªÉ«¬∑—Èß 2 °≈ÿà¡‰¥â√—∫°“√¬◊π¬—πº≈«‘π‘®©—¬®“°º≈
°“√µ√«®™‘Èπ‡π◊ÈÕ∑“ßæ¬“∏‘«‘∑¬“ ‚¥¬¿“§«‘™“æ¬“∏‘«‘∑¬“
§≥–·æ∑¬»“ µ√å ‚√ßæ¬“∫“≈»√’π§√‘π∑√å µ—«Õ¬à“ß
¥—ß°≈à“«®–∂Ÿ°‡°Á∫·™à·¢Áß∑’Ë -70 ÌC ®π°«à“®–π”‰ª °—¥
DNA

«‘∏’°“√»÷°…“
1. °“√‡µ√’¬¡ DNA ®“° ™‘Èπ‡π◊ÈÕµ—«Õ¬à“ß ®ÿà¡

µ—«Õ¬à“ß ™‘Èπ‡π◊ÈÕ≈ß„π liquid nitrogen ‡æ◊ËÕ„Àâ·¢Áß·≈–
π”‰ª∫¥„Àâ≈–‡Õ’¬¥¥â«¬‚°√àß∫¥¬“ π”‰ª °—¥ DNA ‚¥¬
„™â Wizard® SV genomic DNA extraction kits
(º≈‘µ¿—≥±å¢Õß Promega)

2. °“√æ—≤π“‡∑§π‘§°“√µ√«® integrated HPV
16 DNA

2.1.1 °“√«—¥ª√‘¡“≥ HPV16-E2 ·≈–
HPV16- E6  ¥â«¬‡∑§π‘§ multiplex qPCR

„π°“√ª√–‡¡‘π integrated HPV 16 DNA ‚¥¬
«‘∏’°“√‡æ‘Ë¡®”π«π E2 ·≈– E6 ‚¥¬„™â DNA ®“°
æ≈“ ¡‘¥ HPV16E-2 ·≈– HPV16E-6  ‡ªìπ DNA
µâπ·∫∫„π°“√∑”°√“ø¡“µ√∞“π‚¥¬‡®◊Õ®“ß„Àâ¡’®”π«π
µ—Èß·µà 10-108 copies «‘∏’°“√‚¥¬¬àÕ ‡µ‘¡≈ßDNA
µ—«Õ¬à“ß 50 ng ≈ß„π à«πº ¡ PCR 25µL ÷́Ëß
ª√–°Õ∫¥â«¬ 1X PCR buffer, 200 µM ¢Õß dNTP,
4.0 mM MgCl

2
, 300 nM ¢Õß E2 ·≈– E6

‰æ√‡¡Õ√å, 100 nM ¢Õß E2 ·≈– E6-probe, 2 Units
Taq DNA polymerase ‡æ‘Ë¡®”π«π 40 √Õ∫ „π‡§√◊ËÕß
Rotorgene 3000  (CORBETT  Research  º≈‘µ¿—≥±å
®“°ª√–‡∑»ÕÕ ‡µ√‡≈’¬)   ¿“«–∑’Ë„™â §◊Õ  denaturing
∑’Ë 95  ÌC ‡«≈“ 15 «‘π“∑’ ·≈– annealing ∑’Ë 60  ÌC
‡«≈“ 1 π“∑’ µ√«®«—¥ —≠≠“≥ E2-VIC  ·≈– E6-FAM
probe ∑’Ë 555 ·≈– 510 π“‚π‡¡µ√ µ“¡≈”¥—∫ „™âDNA
®“° SiHa cell line ‡ªìπ positive control

2.1.2. °“√À“ cut off  ”À√—∫°“√·ª≈º≈
°“√µ√«®À“ integrated HPV
     ‡π◊ËÕß®“°°“√∑” qPCR Õ“®¡’§«“¡§≈“¥‡§≈◊ËÕπ
„π°“√À“ª√‘¡“≥¢Õß E2 ·≈– E6  ®÷ßµâÕß∑”°“√À“§à“
cut off   ”À√—∫°“√·ª≈º≈ integrated HPV ¢÷Èπ‡Õß
‚¥¬º ¡ DNA ®“° æ≈“ ¡‘¥ HPV16 E-2  ·≈– E-6
„πÕ—µ√“ à«π 1: 1 ́ ÷ËßÕπÿ¡“π«à“‡ªìπ episomal form   π”
¡“‡ªìπµ—«Õ¬à“ß„π°“√«—¥§«“¡·ª√ª√«π (variation) ¢Õß
°“√«—¥ª√‘¡“≥ HPV 16 E2/ E6 ´È”®”π«π 10 §√—Èß
·≈â«π”¡“§”π«≥À“§à“‡©≈’Ë¬ ·≈– SD §à“ cut off
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 ”À√—∫°“√·ª≈º≈‡∑à“°—∫§à“‡©≈’Ë¬ + 2.0 SD
3. °“√À“Õÿ∫—µ‘°“√≥å¢Õß°“√æ∫ integrated HPV

16 „πµ—«Õ¬à“ß DNA ºŸâªÉ«¬¡–‡√Áßª“°¡¥≈Ÿ° ¥â«¬«‘∏’
multiplex PCR
      π” DNA ®“°™‘Èπ‡π◊ÈÕºŸâªÉ«¬„π°≈ÿà¡  pre-invasive
·≈– invasive carcinoma ¡“∑”°“√∑¥ Õ∫À“
Õ—µ√“ à«π¢Õß E2/E6 µ“¡«‘∏’¢âÕ 2.1.1  ·≈– ·ª≈º≈
µ“¡‡°≥±å„π¢âÕ 2.1.2 „™â DNA ®“° SiHa cell line
‡ªìπ positive control

º≈°“√»÷°…“
1. °“√®—¥µ—Èß«‘∏’«—¥ª√‘¡“≥ HPV16-E2 ·≈–

HPV 16- E6  ¥â«¬‡∑§π‘§ multiplex qPCR
«‘∏’°“√µ√«®À“ª√‘¡“≥‰«√— ®’‚π¡¢Õß HPV16 ∑—Èß

 à«π E2 ·≈– E6 „πÀ≈Õ¥‡¥’¬«°—π·∫∫ multiplex
qPCR · ¥ß‡ªìπ°√“ø¡“µ√∞“π„π°“√‡æ‘Ë¡™‘Èπ à«π¢Õß®’π
E2 ·≈– E6 „π √Ÿª∑’Ë 1 ‚¥¬¡’§à“ª√– ‘∑∏‘¿“æ„π°“√‡æ‘Ë¡
®”π«π∑—Èß 2 ®’π„°≈â‡§’¬ß°—π ‡∑à“°—∫ 1.01 ·≈– 1.04
µ“¡≈”¥—∫

√Ÿª∑’Ë 1  · ¥ß°√“ø¡“µ√∞“π„π°“√µ√«®«—¥®’π E2 (√Ÿª∑’Ë 1A) ·≈– E6 (√Ÿª∑’Ë 1B) ¥â«¬ multiplex PCR
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°“√ª√–‡¡‘π§ÿ≥ ¡∫—µ‘„π¥â“π§«“¡‡ªìπ‡ âπµ√ß ·≈–
§«“¡·¡àπ¬” ‚¥¬«—¥‡ªìπ % CV  ¢Õß·µà≈–§à“¡“µ√∞“π
· ¥ß„π µ“√“ß∑’Ë 2 æ∫«à“™à«ß§à“°“√µ√«®∑’Ëπà“‡™◊ËÕ∂◊Õ
(acceptable range) ∑—Èß 2 ®’πª√–‡¡‘π®“°‰«√— µË” ÿ¥

( lower detection limit )  ·≈–®”π«π Ÿß ÿ¥ ( upper
detection limit ) ∑’Ë„Àâ §à“ % CV ‰¡à‡°‘π 10% Õ¬Ÿà
√–À«à“ß 103 - 108 copies

µ“√“ß∑’Ë 2 · ¥ß°“√ª√–‡¡‘π linearity ·≈– reproducibility ¢Õß ®’π E2 ·≈– E6

2. °“√·ª≈º≈°“√µ√«®À“ integrated HPV
°“√µ√«®‰¡àæ∫ E2 À√◊ÕÕ—µ√“ à«π E2/E6 ‡∑à“°—∫

0 ®–À¡“¬∂÷ß ‰«√— ∑’Ë E2 ∂Ÿ°µ—¥∑‘ÈßÕ¬à“ß ¡∫Ÿ√≥å
( complete integrated form) ∑”„Àâ‰¡à “¡“√∂«—¥ª√‘¡“≥
E2 ·ª≈º≈‡ªìπ integrated form º≈°“√À“‡°≥±å
‡æ◊ËÕ·ª≈º≈‡ªìπ®’‚π¡‰«√— ∑’Ë ¡∫Ÿ√≥å (episomal form)
«—¥‰¥â Õ—µ√“ à«π E2/E6 ∑’Ë 0.83 - 1.29 ∂â“‰¥â§à“Õ—µ√“ à«π
E2/E6 µË”°«à“ 0.83 ·ª≈º≈‡ªìπ Mixed integrated
HPV §◊Õ ¡’∑—Èß episomal ·≈–  integrated  form ªπ
°—π

3. °“√µ√«®æ∫ integrated HPV 16 „πµ—«Õ¬à“ß
DNA ºŸâªÉ«¬¡–‡√Áßª“°¡¥≈Ÿ°

º≈°“√»÷°…“π”√àÕß‡æ◊ËÕµ√«®À“ integrated HPV16
„π°≈ÿà¡ºŸâªÉ«¬¡–‡√Áßª“°¡¥≈Ÿ°√–¬– pre-invasive ∑—ÈßÀ¡¥
15 √“¬ æ∫ episomal form 5 √“¬ ·≈– integrated
HPV ®”π«π 10 √“¬ „π®”π«ππ’È 4 √“¬‡ªìπ complete
integrated form ·≈– mixed integrated form 6 √“¬
„π¢≥–∑’ËÕÿ∫—µ‘°“√≥å æ∫ integrated HPV16 „πºŸâªÉ«¬
¡–‡√Áß°≈ÿà¡  invasive carcinoma  ®”π«π  14 ®“° 15
„π®”π«π 14 √“¬π’È  ‡ªìπ  complete integrated form



12 «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥ ë ªï∑’Ë 19 ©∫—∫∑’Ë 1 ë ¡°√“§¡-‡¡…“¬π 2550

·≈– mixed integrated form 6 √“¬ ·≈– 8 √“¬
µ“¡≈”¥—∫

 ·≈–‡¡◊ËÕ®”·π° °“√æ∫ integrated HPV 16 „π
°≈ÿà¡ºŸâªÉ«¬¡–‡√Áß  invasive ‡ªìπ√–¬–µà“ßÊ®“°√–¬– I
∂÷ß III æ∫ episomal form ‡æ’¬ß 1 √“¬ ·≈–æ∫
integrated HPV 14 √“¬ ·π«‚πâ¡¿“æ√«¡¢Õß
integrated HPV ‡æ‘Ë¡¢÷Èπµ“¡√–¬–¢Õß‚√§∑’Ë‡æ‘Ë¡Õ¬à“ß

¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p <0.05) §◊Õæ∫√âÕ¬≈–√«¡¢Õß
intergrated form (mixed ·≈– complete integrated)„π
·µà≈–√–¬– mild dysplasia, moderate dysplasia,
severe dysplasia , early invasive ·≈–  late invasive
stage ‡∑à“°—∫ 13% (2/15), 26%(4/15), 26%
(4/15), 87.5% (7/8), ·≈– 100 % (7/7) µ“¡≈”¥—∫
(µ“√“ß∑’Ë 3)

µ“√“ß∑’Ë 3 Õ—µ√“°“√æ∫ integrated HPV16 „πºŸâªÉ«¬√–¬–°àÕπ¡–‡√Áßª“°¡¥≈Ÿ° (pre-invasive; dysplasia) ·≈–
ºŸâªÉ«¬¡–‡√Áßª“°¡¥≈Ÿ°√–¬–≈ÿ°≈“¡ (invasive cervical carcinoma)

«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
º≈®“°°“√ª√–‡¡‘π«‘∏’°“√µ√«®À“√Ÿª·∫∫ ‰«√— 

HPV16  ‚¥¬‡∑§π‘§ multiplex qPCR ®“°°“√»÷°…“π’È
∑”„Àâ “¡“√∂®”·π°√Ÿª·∫∫¢Õß‰«√—  ∑’Ë‡ªìπ  integrated
form ·≈–  episomal  form  À√◊Õ mixed form  ‰¥â
®“°°“√‡æ‘Ë¡®”π«π™‘Èπ à«π E2 ·≈– E6 „πÀ≈Õ¥
∑¥≈Õß‡¥’¬«°—π  À√◊Õ  multiplex PCR ªí®®—¬ ”§—≠
¢Õßº≈°“√«‘‡§√“–Àå‡™‘ßª√‘¡“≥ ¥â«¬ qPCR §◊Õ§«“¡
·ª√ª√«π®“°°“√µ√«®«—¥ ‚¥¬∑—Ë«‰ª§«“¡º‘¥æ≈“¥∑’Ë

¬Õ¡√—∫§◊Õ§à“ CV ‰¡à‡°‘π 10 % „π°“√∑¥≈Õß®–µâÕß¡’
internal control sample ∑’Ë∑√“∫®”π«π copy ¢Õß  E2
·≈– E6 ‡ªìπµ—«Õ¬à“ß§«∫§ÿ¡„π·µà≈–√Õ∫  ‚¥¬„Àâ¡’
§«“¡‡∫’Ë¬ß‡∫π‰¡à‡°‘π 2 SD §«“¡·ª√ª√«π¥—ß°≈à“« ®÷ß
‡ªìπ∑’Ë¡“·≈–®”‡ªìπ∑’Ë®–µâÕß°”Àπ¥§à“ cut off ¢Õß
episomal form ‡æ◊ËÕ„™â„π°“√·ª≈º≈ §à“ detection limit
„™â‡ªìπ¢âÕ°”Àπ¥«à“§à“∑’Ë«—¥‰¥âµâÕß‰¡àµË”°«à“ 103 copies
·≈–‰¡à‡°‘π 108 copies  ®÷ß®–„Àâ§à“∑’Ëπà“‡™◊ËÕ∂◊Õ °≈à“«§◊Õ
„π°√≥’∑’Ë«—¥Õ—µ√“ à«π E2/E6  ‡æ◊ËÕ √ÿª«à“‡ªìπ integrated
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HPV  Õ¬à“ßπâÕ¬®–µâÕß¡’ª√‘¡“≥ E6 „πµ—«Õ¬à“ß  1000
copies ¢÷Èπ‰ª ́ ÷Ëß Õ¥§≈âÕß°—∫¢âÕ¡Ÿ≈„πµ“√“ß∑’Ë 4 æ∫«à“
µ—«Õ¬à“ß∑ÿ°√“¬ ¡’®”π«π E2 „πµ—«Õ¬à“ß¡“°°«à“ 2000
copies ·≈– E6 ¡“°°«à“ 3500 copies ¢÷Èπ‰ª
πÕ°®“°®–®”·π°√Ÿª·∫∫‰¥â·≈â««‘∏’°“√ qPCR ∑”„Àâ
‡√“∑√“∫„π‡™‘ßª√‘¡“≥À√◊Õ  viral load  ¢Õß HPV16

∑’Ë¡’„πµ—«Õ¬à“ß¥â«¬ ‡¡◊ËÕ§”π«≥§à“‡©≈’Ë¬ viral  load ∑—Èß
E2 ·≈– E6 ¢Õß°≈ÿà¡ dysplasia  æ∫«à“πâÕ¬°«à“  °≈ÿà¡
invasive carcinoma Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p<0.05)
§à“‡©≈’Ë¬ª√‘¡“≥ E2 ·≈– E6 „π°≈ÿà¡ pre-invasive
‡∑à“°—∫ 31,608.15 ·≈– 78,629.93 copies µ“¡≈”¥—∫

µ“√“ß∑’Ë 4 º≈°“√À“ Physical status ¢Õß HPV16 „πºŸâªÉ«¬√–¬–°àÕπ¡–‡√Áßª“°¡¥≈Ÿ° (pre-invasive; dysplasia)
·≈–ºŸâªÉ«¬¡–‡√Áßª“°¡¥≈Ÿ°√–¬–≈ÿ°≈“¡ (invasive cervical carcinoma) ®”π«π°≈ÿà¡≈– 15 √“¬



14 «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥ ë ªï∑’Ë 19 ©∫—∫∑’Ë 1 ë ¡°√“§¡-‡¡…“¬π 2550

·≈–°≈ÿà¡ invasive cervical carcinoma ‡∑à“°—∫
47,719,015.09 ·≈– 76,803,175.91 copies µ“¡≈”¥—∫

¡’¢âÕ —ß‡°µ„πµ—«Õ¬à“ß pre-invasive  ®”π«π 3 √“¬
∑’Ë„Àâ§à“ E2/E6 ¡“°°«à“§à“ cut off ∑’Ë 1.29 ·≈–·ª≈º≈
‡ªìπ episomal form  ‚¥¬°“√∑’Ëæ∫ E2/E6 ¡“°°«à“§à“
cut off  Õ“®®–¡“®“° error  „π°“√À“ª√‘¡“≥ E2 ·≈–
E6 ·∫∫À≈Õ¥‡¥’¬«π—Èπ ¡’º≈¡“®“° efficiency „π°“√
‡æ‘Ë¡®”π«π¢Õß E2 ¡“°°«à“ E6 ¥—ßπ—Èπ°“√∑” qPCR
∑ÿ°§√—Èß ®”‡ªìπµâÕß§«∫§ÿ¡„Àâ°“√‡æ‘Ë¡®”π«π®’π∑—Èß 2  „π
ªØ‘°‘√‘¬“ multiplex PCR À≈Õ¥‡¥’¬«„Àâ¡’ efficiency
„°≈â‡§’¬ß°—π¡“°∑’Ë ÿ¥

·¡â«à“®”π«πµ—«Õ¬à“ß∑’Ë∑”°“√»÷°…“„π§√—Èßπ’È‰¡à¡“°π—°
·µà®“°¢âÕ¡Ÿ≈„πµ“√“ß∑’Ë 3 · ¥ß„Àâ‡ÀÁπ·π«‚πâ¡«à“ „π
pre-invasive ®–æ∫ª√‘¡“≥ episomal form (5/15 √“¬)
¡“°°«à“ invasive carcinoma (1/15 √“¬) √«¡∑—Èß°“√
æ∫ total integrated HPV(complete+mixed
integrated form)„π°≈ÿà¡ pre-invasive (66%) πâÕ¬°«à“
°≈ÿà¡ invasive carcinoma (93%) Õ¬à“ß¡’π—¬ ”§—≠
∑“ß ∂‘µ‘ (p<0.05) ‡π◊ËÕß®“°°“√»÷°…“π’È ®”π«πµ—«Õ¬à“ß
∑—Èß 2 °≈ÿà¡ ¡’§àÕπ¢â“ßπâÕ¬ ‡¡◊ËÕ°√–®“¬µ—«Õ¬à“ß„π·µà≈–
stage ®–∑”„Àâ®”π«π¬‘ËßπâÕ¬≈ß·≈–Õ“®¡’º≈„Àâ§à“°“√
«‘‡§√“–Àå∑“ß ∂‘µ‘§≈“¥‡§≈◊ËÕπ ¢âÕ¡Ÿ≈π’È®÷ß‡ªìπ‡æ’¬ß°“√
»÷°…“π”√àÕß‡æ◊ËÕÀ“·π«‚πâ¡ °“√æ∫ integrated HPV16
„π√–¬–µà“ßÊ ¢Õß°≈ÿà¡ pre-invasive ·≈– invasive
carcinoma

Õ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫º≈°“√»÷°…“§√—Èßπ’È
°—∫°“√»÷°…“¢Õß Nagao ·≈–§≥– (11) ´÷Ëß∑”°“√»÷°…“
‡©æ“–„π°≈ÿà¡ invasive cervical carcinoma ‚¥¬æ∫
total integrated HPV ‡æ’¬ß 58% „π®”π«ππ’È‡ªìπ
mixed form ·≈– complete integrated form  28%
·≈– 30% ‡¡◊ËÕ‡∑’¬∫°—∫º≈°“√»÷°…“π’Èæ∫ total
integrated HPV 93% ‡ªìπ mixed form ·≈– complete
integrated form 53% ·≈– 40% ®–‡ÀÁπ«à“°“√»÷°…“π’È
‰¥âÕÿ∫—µ‘°“√≥å Ÿß°«à“ Õ“®‡π◊ËÕß®“°°“√»÷°…“¢Õß Nagao
„™â§à“ cut off „π°“√·ª≈º≈µË”°«à“ §◊Õ 0.6 ‡æ√“–¡’
§à“§«“¡§≈“¥‡§≈◊ËÕπ Ÿß°«à“  à«π‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫º≈

°—∫°“√»÷°…“¢Õß Peitsaro ·≈–§≥–(12) ´÷Ëß»÷°…“„π
¡–‡√Áßª“°¡¥≈Ÿ°‡©æ“–√–¬– dysplasia 24 √“¬ æ∫
integrated HPV  Ÿß∂÷ß 95%  Ÿß°«à“°“√»÷°…“§√—Èßπ’È ·≈–
¢Õß Nagao ´÷Ëß‰¥â‡∑à“°—∫ 66% ·≈– 36% µ“¡≈”¥—∫
‚¥¬°“√»÷°…“ ¢Õß Peitsaro π—Èπ‰¡à‰¥âÀ“§à“ cut off  ·µà
„™â§à“∑’Ë 1.0 ¥—ßπ—Èπ °“√·ª≈º≈∑’Ë„™â§à“ cut off µà“ß°—π„π
·µà≈–√“¬ß“π®÷ßπ—∫‡ªìπµ—«·ª√∑’Ë ”§—≠∑’Ë∑”„ÀâÕÿ∫—µ‘°“√≥å
µà“ß°—π

‚¥¬ √ÿª°“√»÷°…“π’È· ¥ß„Àâ‡ÀÁπ·π«‚πâ¡«à“ ∑—Èß
ª√‘¡“≥·≈–√Ÿª·∫∫ integrated HPV Õ“®®–„™â‡ªìπµ—«
∫àß™’È∑’Ë‡ªìπª√–‚¬™πå ‡æ√“– –∑âÕπ∂÷ß√Ÿª·∫∫‰«√— «à“Õ¬Ÿà
„π«ß®√™’«‘µ∑’Ë¡’°“√·∫àßµ—«‡æ‘Ë¡®”π«π À√◊Õ àß‡ √‘¡„Àâ¡’
°“√·∑√°µ—«‡¢â“‰ª„π®’‚π¡¢Õß‡´≈≈åª“°¡¥≈Ÿ° °“√æ∫
integrated HPV ‡æ‘Ë¡¢÷Èπ  ®– àß‡ √‘¡°“√· ¥ßÕÕ°¢Õß
viral oncoprotein E6 ·≈– E7 ¡“°¢÷Èπ Õ—π‡ªìπº≈¡“
®“°°“√∑’Ë®’π E2 ∂Ÿ°µ—¥∑‘Èß ‚¥¬®’π E2 π’È  “¡“√∂¬—∫¬—Èß
°“√· ¥ßÕÕ°¢Õß E6 ·≈– E7 ‰¥â(13,14) ¥—ßπ—Èπ
°“√µ√«®À“√Ÿª·∫∫ integrated HPV ®÷ß¡’§«“¡ ”§—≠
„π°“√∑”π“¬°“√¥”‡π‘π‚√§   À√◊Õ  prognostic marker
∑—Èßπ’È πà“®–µâÕß∑”°“√»÷°…“„π°≈ÿà¡µ—«Õ¬à“ß∑’Ë‡æ‘Ë¡¢÷Èπ
‡æ◊ËÕ¬◊π¬—π«à“ “¡“√∂„™â‡ªìπµ—«∫àß™’È ·≈–µ‘¥µ“¡º≈°“√
√—°…“ºŸâªÉ«¬¡–‡√Áßª“°¡¥≈Ÿ°µàÕ‰ª
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