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°“√‡ª≈’Ë¬π·ª≈ß°“√· ¥ßÕÕ°¢Õß MHC class I „πºŸâªÉ«¬¡–‡√Áßª“°¡¥≈Ÿ°
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∫∑§—¥¬àÕ
‡ªìπ∑’Ë∑√“∫«à“¡–‡√Áßª“°¡¥≈Ÿ°¡’ “‡Àµÿ¡“®“°°“√µ‘¥‡™◊ÈÕ Human papillomavirus (HPV) ‚¥¬‡©æ“–™π‘¥ 16

·≈– 18  „π¿“«–ª°µ‘ MHC class I molecule ∑”Àπâ“∑’Ëπ”‡ πÕ‰«√— ·Õπµ‘‡®π À√◊Õ tumor antigen ‡æ◊ËÕ‡Àπ’Ë¬«π”„Àâ
Cytotoxic T Lymphocytes (CTLs) °”®—¥‡´≈≈å¡–‡√Áß ·µà‡´≈≈å¡–‡√ÁßÕ“®¡’°≈‰°À≈∫À≈’°°“√∑”≈“¬¢Õß CTLs
¥â«¬°“√≈¥°“√· ¥ßÕÕ°¢Õß MHC class I °“√»÷°…“§√—Èßπ’È¡’«—µ∂ÿª√– ß§å ‡æ◊ËÕ»÷°…“°“√µÕ∫ πÕß¢Õß‡´≈≈å¡–‡√Áß
ª“°¡¥≈Ÿ°„π°“√∑’Ë®–À≈∫√Õ¥®“°°“√∑”ß“π¢Õß¿Ÿ¡‘§ÿâ¡°—π  ‚¥¬¥Ÿ°“√‡ª≈’Ë¬π·ª≈ß°“√· ¥ßÕÕ°¢Õß MHC class I
„π‡´≈≈å¡–‡√Áßª“°¡¥≈Ÿ°ºŸâªÉ«¬¡–‡√Áß 182 √“¬ ·∫àß‡ªìπ°≈ÿà¡∑’Ë¡’°“√¥”‡π‘π‚√§√–¬–°àÕπ‡ªìπ¡–‡√Áß ®”π«π 50 √“¬
·≈–¡–‡√Áßª“°¡¥≈Ÿ°√–¬–≈ÿ°≈“¡ ®”π«π 132 √“¬ ‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡∑’Ë¡’ª“°¡¥≈Ÿ°ª°µ‘ ®”π«π 57 √“¬ »÷°…“
¥â«¬‡∑§π‘§ Immunoperoxidase staining º≈°“√‡ª√’¬∫‡∑’¬∫√–¥—∫°“√· ¥ßÕÕ°¢Õß MHC class I „π¡–‡√Áß
ª“°¡¥≈Ÿ°‰¡àæ∫§«“¡ —¡æ—π∏å√–À«à“ß√–¥—∫°“√· ¥ßÕÕ° MHC class I °—∫§«“¡√ÿπ·√ß¢Õß‚√§∑’Ë‡æ‘Ë¡¢÷Èπ ·µà‡¡◊ËÕ
®”·π°≈—°…≥–°“√°√–®“¬¢Õß MHC class I molecule ∫πº‘«‡´≈≈å·≈–„π‰´‚µæ≈“ ¡¢Õß‡´≈≈å æ∫«à“≈—°…≥–
¢Õß MHC class I „π‡´≈≈å¡–‡√Áß à«π„À≠à®–æ∫°“√°√–®“¬„π‰´‚µæ≈“ ¡ ¢≥–∑’Ë„π‡´≈≈åª“°¡¥≈Ÿ°ª°µ‘®–æ∫∑’Ë
º‘«‡´≈≈å ‚¥¬¡’§«“¡ —¡æ—π∏å°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p-value < 0.001, χ2 test) ·≈–§«“¡º‘¥ª°µ‘π’È®–‡√‘Ë¡
µ√«®æ∫‰¥âµ—Èß·µà√–¬–∑â“¬¢Õß°≈ÿà¡°àÕπ‡ªìπ¡–‡√Áß · ¥ß„Àâ‡ÀÁπ«à“„π‡´≈≈å‡π◊ÈÕ‡¬◊ËÕª“°¡¥≈Ÿ°°àÕπ∑’Ë®–æ—≤π“‰ª‡ªìπ
¡–‡√Áßπ—Èπ MHC class I ®–‰¡à “¡“√∂π”‡ πÕ·Õπµ‘‡®π∫πº‘«‡´≈≈å‰¥â ∑”„Àâ‡´≈≈å¡–‡√Áß‰¡à∂Ÿ°°”®—¥¥â«¬°≈‰°¢Õß
CTL activity °“√»÷°…“π’È®÷ß‡ªìπ°“√»÷°…“·√°∑’Ëæ∫«à“ §«“¡º‘¥ª°µ‘„π°“√π”‡ πÕ·Õπµ‘‡®π∫πº‘«‡´≈≈å “¡“√∂„™â
™à«¬∫àß™’È√–¬–°“√¥”‡π‘π‚√§„π√–¬–‡√‘Ë¡µâπ¢Õß°“√‡ªìπ¡–‡√Áßª“°¡¥≈Ÿ°‰¥â¥’°«à“°“√µ√«®√–¥—∫°“√· ¥ßÕÕ°   °“√»÷°…“
µàÕ‰ª∂÷ß°≈‰°∑’Ë∑”„Àâ‡´≈≈å¡–‡√Áß¥—ß°≈à“«‰¡à “¡“√∂π”‡ πÕ MHC class I ∫πº‘«‡´≈≈å Õ“®π”‰ª Ÿà°“√À“·π«∑“ß
„π°“√ªÑÕß°—π·≈–√—°…“‚√§¡–‡√Áßª“°¡¥≈Ÿ°µàÕ‰ª

§” ”§—≠ : °“√· ¥ßÕÕ°¢Õß MHC class I, ºŸâªÉ«¬¡–‡√Áßª“°¡¥≈Ÿ°
Non-surface presenting MHC class I

∫∑π”
¡–‡√Áßª“°¡¥≈Ÿ° (cervical cancer) ‡ªìπ¡–‡√Áß

Õ«—¬«– ◊∫æ—π∏å∑’Ëæ∫‰¥â∫àÕ¬∑’Ë ÿ¥ „π µ√’∑—Ë«‚≈°(1)  ∂‘µ‘
®“° ∂“∫—π¡–‡√Áß·Ààß™“µ‘æ∫«à“ ª√–™“°√À≠‘ß‰∑¬æ∫

Õÿ∫—µ‘°“√≥å¢Õß°“√‡ªìπ¡–‡√Áßª“°¡¥≈Ÿ°Õ—π¥—∫Àπ÷Ëß·≈–
‡ªìπ “‡Àµÿ°“√µ“¬∑’Ë ”§—≠ ‡ªìπ∑’Ë∑√“∫«à“°“√µ‘¥‡™◊ÈÕ
human papillomas virus (HPV) ‡ªìπ “‡ÀµÿÀ≈—°
¢Õß°“√‡°‘¥¿“«– cervical neoplasia  ‚¥¬æ∫®’‚π¡¢Õß



109J Med Tech Phy Ther ë Vol.19 No.2 ë MAY-AUGUST 2007

The alteration of MHC class I expression in cervical cancer
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Abstract
It was well established that HPV infection, especially type 16 and 18 is the major cause of cervical

cancer. Immune evasion of infected cells or tumor cells is also known as one of contributing factors of
tumor development caused by down-regulation of MHC class I expression. The aim of this study is to
investigate the level and pattern of MHC class I expression in 182 cervical cancerous tissues and 57
normal cervix using immunoperoxidase staining technique. Of 182 cervical cancerous tissues, 50 cases
were classified as pre-cancerous lesions whereas, 132 cases were invasive cervical carcinoma. No
significant association in grading or intensity of MHC class I was shown between patient and control
group. Interestingly, the distribution pattern of MHC class I was significantly shown as non-surface
presenting molecules accumulating in cytoplasm of cancerous tissues compared to normal cervix tissues
with p-value <0.001 χ2 test .This result indicates that tumor cells have lost their immune surveillance by
reducing their antigen presenting MHC class I molecules at cell surface. Moreover, this alteration can be
used as an early marker for cancer prognosis in pre-cancerous group. Therefore, the mechanism of the
impairment in antigen presenting of MHC class I molecules should be investigated in further study.

Key words : MHC class I expression, cervical carcinoma, Non-surface presenting MHC class I

HPV „πºŸâªÉ«¬¡–‡√Áßª“°¡¥≈Ÿ°®”π«π¡“° Õ¬à“ß‰√°Áµ“¡
ºŸâµ‘¥‡™◊ÈÕ∫“ß√“¬ “¡“√∂°”®—¥‡™◊ÈÕ‰«√— ‰¥â‡Õß ‚¥¬°“√
∑”ß“π¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π√à“ß°“¬ ‡©æ“–ºŸâ∑’Ë‡°‘¥°“√µ‘¥
‡™◊ÈÕ·∫∫∂“«√ (persistent infection) ´÷Ëß‰«√—  “¡“√∂
À≈∫√Õ¥®“°°“√√—∫√Ÿâ ·≈–∑”≈“¬‚¥¬√–∫∫¿Ÿ¡‘§ÿâ¡°—π„π
√à“ß°“¬‡∑à“π—Èπ∑’Ë¡’°“√¥”‡π‘π¢Õß‚√§µàÕ®π°≈“¬‡ªìπ
¡–‡√Áßª“°¡¥≈Ÿ° °≈‰°°“√À≈∫À≈’°®“°°“√√—∫√Ÿâ°“√µ‘¥
‡™◊ÈÕ‰«√—  ·≈–∑”≈“¬‰«√— À√◊Õ‡´≈≈å¡–‡√Áß ‚¥¬√–∫∫
¿Ÿ¡‘§ÿâ¡°—π„π√à“ß°“¬ ®÷ßπà“®–¡’∫∑∫“∑ ”§—≠„π¢—ÈπµÕπ

°“√°àÕ¡–‡√Áß ‡π◊ËÕß®“°‰«√— ∑’ËÕ¬Ÿà√Õ¥®– “¡“√∂‡æ‘Ë¡®”π«π
À√◊Õ·∑√°µ—«‡¢â“‰ª„π host genome ‡æ◊ËÕº≈‘µ viral
protein E6 ·≈– E7 ÷́Ëß‡ªìπ‚ª√µ’π∑’Ë°àÕ¡–‡√Áß ‚¥¬
∑”≈“¬°“√∑”ß“π¢Õß®’πµâ“π¡–‡√Áß p53 ·≈– Rb ∑”„Àâ
 Ÿ≠‡ ’¬°≈‰°§«∫§ÿ¡ cell cycle ·≈– apoptosis (2-5)

°≈‰°°“√√—∫√Ÿâ·≈–∑”≈“¬‡´≈≈å¡–‡√Áß (Immune
surveillance) ‚¥¬ CD8+ T cell (Cytotoxic T
Lymphocyte; CTL) ·≈– natural killer cell (NK
cell) ́ ÷Ëß∑”Àπâ“∑’Ë‡ªìπ effector lymphocytes ‚¥¬Õ“»—¬
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1) T-cell receptor (TCR) ®—∫°—∫ tumor antigen ∑’Ë∂Ÿ°
· ¥ß∫πº‘«‡´≈≈å¡–‡√Áß¥â«¬ MHC class I molecule(6)

·≈– 2) NKG2D receptor ®—∫°—∫ NKG2D ligands ∑’Ë
∂Ÿ°· ¥ß∫πº‘«‡´≈≈å¡–‡√Áß ·≈–™—°π”„Àâ‡°‘¥ NKG2D
signal ‚¥¬¬’π Human MHC À√◊Õ Human Leukocyte
Antigen (HLA) µ—ÈßÕ¬Ÿà∫π‚§√‚¡‚´¡ 6p21.3 ´÷Ëß·∫àß
ÕÕ°‡ªìπ class I, II ·≈– III  ”À√—∫ MHC class I
molecule ¡’Àπâ“∑’Ë„π°“√π”‡ πÕ·Õπµ‘‡®π∫πº‘«‡´≈≈å (7)

ºà“π°√–∫«π°“√ antigen processing(8)  ‚¥¬Õ“»—¬ TAP
(transporter associated with antigen processing)
molecules „π¿“«–ª°µ‘ MHC class I molecules π”
‡ πÕ‰«√— ·Õπµ‘‡®π À√◊Õ Tumor antigen ‡æ◊ËÕ‡Àπ’Ë¬«π”
effector lymphocytes „Àâ°”®—¥‡´≈≈å‡ªÑ“À¡“¬∑’Ëµ‘¥‡™◊ÈÕ
‰«√—  À√◊Õ‡´≈≈å¡–‡√Áß „π∑“ß°≈—∫°—π‡´≈≈å¡–‡√ÁßÕ“®¡’
°≈‰°∑’Ë®–À≈∫À≈’°°“√∑”≈“¬¢Õß effector lymphocytes
¥â«¬°“√≈¥°“√· ¥ßÕÕ°¢Õß MHC class I ∑”„Àâ
ª√‘¡“≥¢Õß tumor rejection antigen ∑’Ë· ¥ß∫πº‘«
‡´≈≈åπâÕ¬®π°√–∑—Ëß TCR ¢Õß CTL µ√«®‰¡àæ∫ ·≈–/
À√◊Õ ‡´≈≈å¡–‡√Áß≈¥°“√· ¥ßÕÕ°¢Õß NKG2D ligands
∫πº‘«‡´≈≈å„Àâ¡’πâÕ¬≈ß®π‰¡à “¡“√∂®—∫°—∫ NKG2D
receptor ‰¥â

°“√»÷°…“π’È¡’«—µ∂ÿª√– ß§å  ‡æ◊ËÕ»÷°…“°“√‡ª≈’Ë¬π·ª≈ß
¢Õß°“√µÕ∫ πÕß¢Õß‡´≈≈å¡–‡√Áßª“°¡¥≈Ÿ° „π°“√∑’Ë
®–À≈∫√Õ¥®“°°“√∑”ß“π¢Õß¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬
‚¥¬¥Ÿ°“√‡ª≈’Ë¬π·ª≈ß¢Õß°“√· ¥ßÕÕ°¢Õß MHC
class I „π‡´≈≈åª“°¡¥≈Ÿ°ºŸâªÉ«¬ ∑—Èß√–¬–°àÕπ‡ªìπ
¡–‡√Áßª“°¡¥≈Ÿ° ·≈–¡–‡√Áßª“°¡¥≈Ÿ°√–¬–≈ÿ°≈“¡ ∑’Ë
¡’°“√¥”‡π‘π‚√§„π√–¬–µà“ßÊ ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡
§«∫§ÿ¡∑’Ë‡ªìπ normal cervix °“√‡ª≈’Ë¬π·ª≈ß√–¥—∫°“√
· ¥ßÕÕ°¢Õß MHC class I ∫πº‘«‡´≈≈å¡–‡√Áßπà“®–
„™â∫àß∫Õ°§«“¡√ÿπ·√ß¢Õß‚√§ ‚¥¬‡´≈≈å¡–‡√Áß∑’Ë¡’√–¬–
§«“¡√ÿπ·√ß¢Õß‚√§¡“° πà“®–¡’√–¥—∫°“√· ¥ßÕÕ°¢Õß
MHC class I ≈¥≈ß ¢âÕ¡Ÿ≈∑’Ë‰¥â®–¡’§«“¡ ”§—≠‡ªìπ
Õ¬à“ß¬‘Ëß  “¡“√∂„™âæ¬“°√≥å§«“¡√ÿπ·√ß¢Õß‚√§ ·≈–
 “¡“√∂æ—≤π“ Ÿà°“√«“ß·ºπ°“√√—°…“‚√§ ∑’Ë¡’ª√– ‘∑∏‘¿“æ
µàÕ‰ª

«— ¥ÿ·≈–«‘∏’°“√»÷°…“
µ—«Õ¬à“ß∑’Ë„™â»÷°…“

µ—«Õ¬à“ß™‘Èπ‡π◊ÈÕ paraffin-embedded ®“°ºŸâ∑’Ë¡“
√—∫°“√µ√«®√—°…“ ·≈–«‘π‘®©—¬«à“‡ªìπ¡–‡√Áßª“°¡¥≈Ÿ°
®”π«π 182 √“¬ ·∫àß‡ªìπ°≈ÿà¡√–¬–°àÕπ‡ªìπ¡–‡√Áß
ª“°¡¥≈Ÿ° (pre -cancerous lesions) ®”π«π 50 √“¬
·≈–°≈ÿà¡∑’Ë‡ªìπ¡–‡√Áßª“°¡¥≈Ÿ°√–¬–≈ÿ°≈“¡ (invasive
cervical carcinoma) ®”π«π 132 √“¬ Õ“¬ÿ‡©≈’Ë¬¢Õß
µ—«Õ¬à“ß∑—Èß 2 °≈ÿà¡‡∑à“°—∫ 42 ± 9.9 ªï·≈– 50  ± 12.1
ªï ‚¥¬¡’‡π◊ÈÕ‡¬◊ËÕª“°¡¥≈Ÿ°ª°µ‘∑’Ë‰¥â®“°ºŸâªÉ«¬‡π◊ÈÕßÕ°„π
¡¥≈Ÿ° (myoma) ́ ÷Ëß‡ªìπ°“√µ—¥™‘Èπ‡π◊ÈÕ·∫∫ hysterectomy
®”π«π 57 √“¬Õ“¬ÿ‡©≈’Ë¬‡∑à“°—∫ 47 ± 4.4 ªï‡ªìπ°≈ÿà¡
§«∫§ÿ¡ µ—«Õ¬à“ß∑—ÈßÀ¡¥‰¥â√—∫°“√µ√«®§—¥°√Õß∑’Ë§≈‘π‘°
 Ÿµ‘»“ µ√å·≈–π√’‡«™«‘∑¬“  ‚√ßæ¬“∫“≈»√’π§√‘π∑√å
§≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ ´÷Ëß‰¥â√—∫°“√
√—∫√Õß∑“ß®√‘¬∏√√¡°“√«‘®—¬„π¡πÿ…¬å ®“°¡À“«‘∑¬“≈—¬
¢Õπ·°àπ ‡≈¢∑’Ë HE480227  ‚¥¬™‘Èπ‡π◊ÈÕ∑’Ë®–π”¡“»÷°…“
®–∂Ÿ°‡°Á∫√—°…“Õ¬Ÿà„π√Ÿª¢Õß paraffin-embedded tissue
Õ¬Ÿà„π block æ≈“ µ‘° ·≈–π” paraffin block ¢Õß
™‘Èπ‡π◊ÈÕ ·µà≈–√“¬¡“µ—¥ section ‡ªìπ ribbons Àπ“
4 µm ·≈–¡’º≈°“√µ√«®«‘π‘®©—¬¬◊π¬—π∑“ßæ¬“∏‘«‘∑¬“
°àÕπ∑”°“√»÷°…“

«‘∏’°“√»÷°…“
1. °“√À“ ¿“«–∑’Ë‡À¡“– ¡„π°“√µ√«®À“°“√

· ¥ßÕÕ°¢Õß MHC class I ‚¥¬‡∑§π‘§ Immuno-
peroxidase staining (9)

°“√¬âÕ¡‚ª√µ’π MHC class I „™â‡∑§π‘§
Immunoperoxidase staining ¥â«¬ anti-HC antibody
(a mouse monoclonal antibody) ·≈– anti-β

2
M

antibody (a mouse monoclonal antibody; L368)
´÷Ëß‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“° Professor Dr. Soldano
Ferrone, Roswell Park Center Institute, Buffalo
 À√—∞Õ‡¡√‘°“ ∑”°“√‡®◊Õ®“ß antibody ∑’Ë dilution µà“ßÊ
¥—ßπ’È 1:300, 1:500 ·≈– 1:1000 ‡æ◊ËÕ°”Àπ¥À“
 ¿“«–∑’Ë‡À¡“– ¡ ‚¥¬„™âµ—«Õ¬à“ß ‰≈¥å®“° normal
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cervix ®“°°≈ÿà¡ºŸâªÉ«¬ myoma ‡æ◊ËÕ∑¥ Õ∫À“ ¿“«–∑’Ë
‡À¡“– ¡ ‚¥¬°“√‡®◊Õ®“ß primary antibody ∑’Ë„™â„π
°“√µ√«®À“°“√· ¥ßÕÕ° ‚¥¬¡’¢—ÈπµÕπ¥—ßπ’È

1. Deparafinization ‚¥¬®ÿà¡≈ß„π xylene 3
chamber,  3 π“∑’

2. Rehydration ®ÿà¡≈ß„π
Absolute ethanol 3 chamber, chamber ≈–

3 π“∑’
95 % alcohol 3 chamber, chamber ≈–

3 π“∑’
70 % alcohol 1 chamber, chamber ≈–

3 π“∑’
®ÿà¡„ππÈ”°≈—Ëπ  (distilled water)  3 π“∑’

3. Retrive Ag ‚¥¬‡§√◊ËÕß microwave oven
„π1X citrate buffer pH 6.0  100 power π“π 3 π“∑’
·≈– 50 power π“π 7 π“∑’ ‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ
‡«≈“ 20 π“∑’

4. ≈â“ß¥â«¬ 1X PBS ®”π«π 2 §√—Èß π“π§√—Èß≈– 3
π“∑’

5. block endogeneous peroxidase activity : π”
slide „ à„π chamber ∑’Ë∫√√®ÿ 3% H

2
O

2
  ®π∑à«¡ slide

æÕ¥’ «“ß∫π‡§√◊ËÕß‡¢¬à“ (Shaker) π“π 35 π“∑’
6. ≈â“ß„ππÈ”ª√–ª“π“π 2-5 π“∑’
7. ≈â“ß1X PBS 2 §√—Èß §√—Èß≈– 3 π“∑’ ∫π‡§√◊ËÕß

‡¢¬à“ ´—∫ PBS  à«π‡°‘πÕÕ°
8. block non- specific binding ‚¥¬‡µ‘¡ 5 %

normal horse serum ≈ß∫π™‘Èπ‡π◊ÈÕ ®”π«π 100 µL
π“π30 π“∑’„π moist chamber

9.  ≈—¥´’√—¡ÕÕ° ‡µ‘¡ Primary antibody (‡µ√’¬¡
Primary antibody ‡ªìπ§«“¡‡¢â¡¢âπµà“ßÊ‚¥¬„™â 1X
PBS with sodium azide „π°“√‡®◊Õ®“ß) 100 µL ≈ß
∫π™‘Èπ‡π◊ÈÕ ∑”„π moist chamber incubate ∑‘Èß‰«â¢â“¡
§◊π∑’Ë 4 oC (ÀâÕß‡¬Áπ)

10. ®“°π—Èπ≈â“ß¥â«¬ 1X PBS 2 §√—Èß §√—Èß≈– 7-10
π“∑’

11. ‡µ‘¡Biotin Goat Anti-mouse IgG 1:300
(dilute in 1X PBS with sodium azide) ≈ß∫π™‘Èπ‡π◊ÈÕ
ª√‘¡“µ√ 100 µL π“π 30 π“∑’ „π moist chamber

12. ®“°π—Èπ≈â“ß¥â«¬ 1X PBS 2 §√—Èß §√—Èß≈– 5
π“∑’

13. ‡µ‘¡ streptavidin-HRP 1:300 (dilute in 1X
PBS without sodium azide) ª√‘¡“µ√ 100 µL ≈ß
∫π™‘Èπ‡π◊ÈÕπ“π 30 π“∑’ „π moist chamber

14. ≈â“ß¥â«¬ 1XPBS 2 §√—Èß §√—Èß≈– 7-10 π“∑’
15 ∑”„Àâ‡°‘¥ ’‚¥¬°“√¬âÕ¡ ‰≈¥å„π working

DAB 0.5mg/ml π“π 5 π“∑’ ‡¢¬à“ chamber µ≈Õ¥
‡«≈“ (∑”„π hood ·≈–ªî¥‰ø) ‡¡◊ËÕ„™â‡ √Á®·≈â«µâÕß
∑”≈“¬ƒ∑∏‘Ï¢Õß DAB ¥â«¬πÈ”¬“´—°ºâ“¢“« (‰Œ‡µÕ√å)

16. À¬ÿ¥ªØ‘°‘√‘¬“„π chamber ∑’Ë∫√√®ÿπÈ”°≈—Ëπ 2-3
π“∑’

17. Counterstain ‚¥¬®ÿà¡ ‰≈¥å„π„π Mayerûs
Hematoxylene 5-6 §√—Èß (§√—Èß≈– 2 - 3 «‘π“∑’)

18. ≈â“ß ’„π chamber ∑’Ë¡’πÈ”ª√–ª“‰À≈ºà“π®π
πÈ”≈â“ß„π chamber „ 

19. Dehydration ¥â«¬ 70% alcohol  1 chamber,
chamber ≈– 3 π“∑’

95% alcohol  3 chamber, chamber ≈– 3
π“∑’

Absolute Ethanol  3 chamber, chamber ≈–
3 π“∑’

Xylene 3 chamber, chamber ≈– 3 π“∑’
20. Mounting ‚¥¬ permount
**À¡“¬‡Àµÿ: ∑ÿ°¢—ÈπµÕπ√–«—ßÕ¬à“„Àâ™‘Èπ‡π◊ÈÕ∫π

 ‰≈¥å·Àâß
2. °“√µ√«®À“°“√· ¥ßÕÕ°¢Õß MHC class I

„π°≈ÿà¡µ—«Õ¬à“ß
π” ¿“«–‡À¡“– ¡∑’Ë»÷°…“‰¥â¥—ß°≈à“«¡“µ√«®

À“°“√· ¥ßÕÕ°¢Õß MHC class I antigen „πµ—«Õ¬à“ß
 ‰≈¥å®“°°≈ÿà¡ºŸâªÉ«¬√–¬–°àÕπ‡ªìπ¡–‡√Áßª“°¡¥≈Ÿ° ·≈–
°≈ÿà¡ºŸâªÉ«¬¡–‡√Áßª“°¡¥≈Ÿ°√–¬–≈ÿ°≈“¡ ‡ª√’¬∫‡∑’¬∫
°—∫°≈ÿà¡ normal cervix Õ—µ√“°“√¬âÕ¡µ‘¥ ’¢Õß‡´≈≈å
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(Percentage of positive cell) ‚¥¬‡ªÕ√å‡´Áπµå°“√µ‘¥
 ’·∫àß‡ªìπ√–¥—∫ (Grading) µ“¡®”π«π‡´≈≈å∑’Ë„Àâº≈
°“√µ‘¥ ’‡ªìπ∫«° ́ ÷Ëßª√–¬ÿ°µåµ“¡«‘∏’¢Õß Weinman ·≈–
§≥– (10)

‡°√¥ 0   ‡∑à“°—∫ ‰¡à¡’°“√µ‘¥ ’„π‡´≈≈å

‡°√¥ 1+  ‡∑à“°—∫ ®”π«π‡´≈≈å∑’Ë¡’°“√µ‘¥ ’ 1- 25 %

‡°√¥ 2+  ‡∑à“°—∫ ®”π«π‡´≈≈å∑’Ë¡’°“√µ‘¥ ’  26 - 50 %

‡°√¥ 3+  ‡∑à“°—∫ ®”π«π‡´≈≈å∑’Ë¡’°“√µ‘¥ ’  50 % ¢÷Èπ‰ª

À¡“¬‡Àµÿ: „π°“√‡°√¥‡∑’¬∫°“√µ‘¥ ’°—∫ internal
positive control §◊Õ °≈ÿà¡¢Õß lymphocytes

3. °“√«‘‡§√“–ÀåÀ“§«“¡ —¡æ—π∏å√–À«à“ß™π‘¥·≈–
ª√‘¡“≥¢Õß MHC class I antigen ∑’Ë· ¥ßÕÕ°°—∫
§«“¡√ÿπ·√ß¢Õß‡´≈≈å∑’Ëº‘¥ª°µ‘ ·≈–‡´≈≈å¡–‡√Áßª“°
¡¥≈Ÿ°

º≈°“√µ√«®À“ ·≈–‡ª√’¬∫‡∑’¬∫°“√· ¥ßÕÕ°¢Õß
MHC class I antigen ™π‘¥µà“ßÊ „πµ—«Õ¬à“ßµ√«® ‚¥¬
„™â ‰≈¥å™‘Èπ‡π◊ÈÕ ®“°°≈ÿà¡∑’Ë¡’ª“°¡¥≈Ÿ°ª°µ‘ °≈ÿà¡ºŸâªÉ«¬
√–¬–°àÕπ¡–‡√Áßª“°¡¥≈Ÿ° ·≈–°≈ÿà¡ºŸâªÉ«¬¡–‡√Áßª“°

¡¥≈Ÿ°√–¬–≈ÿ°≈“¡ π”¡“À“§«“¡ —¡æ—π∏å√–À«à“ß√–¥—∫
°“√· ¥ßÕÕ°°—∫√–¬–§«“¡√ÿπ·√ß¢Õß‚√§¡–‡√Áßª“°
¡¥≈Ÿ°‚¥¬„™â ∂‘µ‘ χ2 for trend ·≈–«‘‡§√“–ÀåÀ“§«“¡
 —¡æ—π∏å√–À«à“ß√Ÿª·∫∫°“√µ‘¥ ’°—∫√–¬–§«“¡√ÿπ·√ß
¢Õß‚√§¡–‡√Áßª“°¡¥≈Ÿ° ¥â«¬  ∂‘µ‘ χ2 test ‚¥¬‚ª√·°√¡
SPSS version 12.0 °”Àπ¥§à“π—¬ ”§—≠∑“ß ∂‘µ‘‡¡◊ËÕ
p-value < 0.05

º≈°“√»÷°…“
1. °“√À“§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡¢Õß primary

antibody ∑’Ë„™â„π°“√µ√«®À“°“√· ¥ßÕÕ°¢Õß MHC
class I ¥â«¬‡∑§π‘§ immunoperoxidase staining

º≈°“√»÷°…“‰¥â§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡¢Õß anti-
HC ·≈– anti B2M ‡∑à“°—∫ 1:500 ‚¥¬ ¿“«–∑’Ë
‡À¡“– ¡¢Õß°“√¬âÕ¡®–‡ÀÁπ background µ‘¥ ’‰¡à‡¢â¡
À√◊Õ‰¡à®“ß‡°‘π‰ª ‡´≈≈å∑’Ë‰¡à§«√®–µ‘¥°Á‰¡àµ‘¥ ‡™àπ ‡´≈≈å
‡¡Á¥‡≈◊Õ¥·¥ß  à«π‡´≈≈å∑’Ë§«√®–µ‘¥ ’§◊Õ lymphocyte
°Áµ‘¥ ’πÈ”µ“≈ ·≈–„™â‡ªìπ internal control  (√Ÿª∑’Ë 1)

√Ÿª∑’Ë 1 º≈°“√»÷°…“‰¥â§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡¢Õß anti- HC anti B2M ‡∑à“°—∫ 1:500

2. √–¥—∫°“√· ¥ßÕÕ° ·≈–√Ÿª·∫∫°“√µ‘¥ ’„π
°≈ÿà¡µ—«Õ¬à“ß

Õ—µ√“°“√¬âÕ¡µ‘¥ ’¢Õß‡´≈≈å (percentage of
positive cell) ‚¥¬„Àâ‡ªÕ√å‡´Áπµå°“√µ‘¥ ’·∫àß‡ªìπ

√–¥—∫µà“ßÊ (grading) µ“¡®”π«π‡´≈≈å∑’Ë„Àâº≈°“√µ‘¥ ’
‡ªìπ∫«° ·≈–√Ÿª·∫∫¢Õß°“√µ‘¥ ’ (distribution pattern
of expression) ®–„™â‡ªìπ¥—™π’∑’Ë∫àß∫Õ°∂÷ßª√‘¡“≥ ·≈–
°“√· ¥ßÕÕ°¢Õß MHC class I ∫πº‘«‡´≈≈åª“°
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¡¥≈Ÿ°ª°µ‘ ‡´≈≈åº‘¥ª°µ‘„π√–¬–°àÕπ‡ªìπ¡–‡√Áßª“°
¡¥≈Ÿ° ·≈–‡´≈≈å¡–‡√Áßª“°¡¥≈Ÿ°√–¬–≈ÿ°≈“¡ µ“¡≈”¥—∫
‚¥¬°“√»÷°…“¥—ß°≈à“«‡ªìπ°“√‡ª√’¬∫‡∑’¬∫√–À«à“ß°≈ÿà¡
ºŸâªÉ«¬ pre-cancerous lesions, invasive cervical
carcinoma ·≈–°≈ÿà¡ myoma µ—«Õ¬à“ß√–¥—∫°“√
· ¥ßÕÕ°¢Õß MHC class I ·∫àß‡ªìπ ‡°√¥ 1+ ∂÷ß 3+

¥—ß· ¥ß„π √Ÿª∑’Ë 2 πÕ°®“°π’È¬—ßæ∫«à“¡’√Ÿª·∫∫°“√
µ‘¥ ’„πµ—«Õ¬à“ß·∫àß‡ªìπ 2 ≈—°…≥– §◊Õ °“√µ‘¥ ’
°√–®“¬Õ¬Ÿà∫πº‘«‡´≈≈å ‡√’¬° Membranous staining
·≈–·∫∫∑’Ëµ‘¥ ’‡©æ“–„π‰´‚µæ≈“ ¡¢Õß‡´≈≈å¡–‡√Áß
ª“°¡¥≈Ÿ°‡√’¬° cytoplasmic staining ¥—ß· ¥ß„π
√Ÿª∑’Ë 3 µ“¡≈”¥—∫

√Ÿª∑’Ë 2  µ—«Õ¬à“ß√–¥—∫°“√· ¥ßÕÕ°¢Õß MHC class I ‡°√¥ 1+ ∂÷ß 3+

√Ÿª∑’Ë 3  √Ÿª·∫∫°“√µ‘¥ ’°√–®“¬Õ¬Ÿà∫πº‘«‡´≈≈å·∫∫ membranous staining (A) ·≈–°“√µ‘¥ ’‡©æ“–„π‰´‚µæ≈“
 ¡¢Õß‡´≈≈å¡–‡√Áßª“°¡¥≈Ÿ°·∫∫ cytoplasmic staining (B)
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3. °“√«‘‡§√“–ÀåÀ“§«“¡ —¡æ—π∏å√–À«à“ß°“√
· ¥ßÕÕ°¢Õß MHC class I °—∫§«“¡√ÿπ·√ß„π
·µà≈–√–¬–°“√¥”‡π‘π‚√§¢Õß¡–‡√Áßª“°¡¥≈Ÿ°

º≈°“√µ√«®À“·≈–‡ª√’¬∫‡∑’¬∫°“√· ¥ßÕÕ°¢Õß
MHC class I „πµ—«Õ¬à“ßµ√«®®“°°≈ÿà¡ºŸâªÉ«¬√–¬–
°àÕπ‡ªìπ¡–‡√Áßª“°¡¥≈Ÿ° °≈ÿà¡¡–‡√Áßª“°¡¥≈Ÿ°√–¬–
≈ÿ°≈“¡ ·≈–°≈ÿà¡ª“°¡¥≈Ÿ°ª°µ‘ π”¡“À“§«“¡ —¡æ—π∏å

√–À«à“ß°“√· ¥ßÕÕ°¢Õß MHC class I °—∫§«“¡√ÿπ·√ß
„π·µà≈–√–¬–°“√¥”‡π‘π‚√§¢Õß¡–‡√Áßª“°¡¥≈Ÿ°
º≈°“√«‘‡§√“–Àå„π µ“√“ß∑’Ë 1 ‰¡àæ∫§«“¡ —¡æ—π∏å„π
√–¥—∫°“√· ¥ßÕÕ° À√◊Õ√–¥—∫°“√µ‘¥ ’„π∑ÿ°°≈ÿà¡
µ—«Õ¬à“ß ∑—Èß°“√¬âÕ¡¥â«¬ anti-HC ·≈– anti-β

2
M

(p = 0.271 ·≈– 0.672 µ“¡≈”¥—∫, χ2 for trend)

µ“√“ß∑’Ë 1  ‡ª√’¬∫‡∑’¬∫§«“¡ —¡æ—π∏å¢Õß√–¥—∫°“√· ¥ßÕÕ°¢Õß MHC class I ´÷Ëß¬âÕ¡¥â«¬ anti-HC (1A) ·≈–
anti-β

2
M (1B) „π°≈ÿà¡µ—«Õ¬à“ßºŸâªÉ«¬√–¬–°àÕπ‡ªìπ¡–‡√Áßª“°¡¥≈Ÿ°·≈–°≈ÿà¡ºŸâªÉ«¬¡–‡√Áßª“°¡¥≈Ÿ°

√–¬–≈ÿ°≈“¡ ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡ª“°¡¥≈Ÿ°ª°µ‘ (normal cervix)
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„π¢≥–∑’Ë‡¡◊ËÕ®”·π°µ“¡√Ÿª·∫∫°“√µ‘¥ ’æ∫«à“¡’
§«“¡§«“¡ —¡æ—π∏åÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ √–À«à“ß°≈ÿà¡
∑’Ë¡’§«“¡º‘¥ª°µ‘¢Õß‡´≈≈åª“°¡¥≈Ÿ°·≈–‡´≈≈å¡–‡√Áß
ª“°¡¥≈Ÿ°‡ªìπ¡–‡√Áß°—∫°≈ÿà¡∑’Ë¡’ª“°¡¥≈Ÿ°ª°µ‘ (p <
0.001,  ∂‘µ‘ χ2) ‰¡à«à“¬âÕ¡¥â«¬ anti-HC ·≈– anti-
β

2
M (µ“√“ß∑’Ë 2) °≈à“«§◊Õ ª√–¡“≥ 93 % ¢Õß

™‘Èπ‡π◊ÈÕ normal cervix ®–æ∫ membranous pattern

·µàæ∫·π«‚πâ¡°“√· ¥ßÕÕ°·∫∫ cytoplasmic pattern
„π‡´≈≈åª“°¡¥≈Ÿ°º‘¥ª°µ‘√–¬–°àÕπ‡ªìπ¡–‡√Áßª“°¡¥≈Ÿ°
 Ÿß¢÷Èπµ“¡√–¬– ¢Õß‚√§®“° CIN I ·≈– CIN II ‚¥¬
 Ÿß∂÷ß 45 % ‚¥¬‡©æ“–°≈ÿà¡ CIN III ·≈–¡’·π«‚πâ¡
‡æ‘Ë¡¢÷Èπ‡ªìπ 90% (p<0.001,  ∂‘µ‘ χ2) „π°≈ÿà¡∑’Ë
æ—≤π“‡ªìπ¡–‡√Áßª“°¡¥≈Ÿ°√–¬–≈ÿ°≈“¡

µ“√“ß∑’Ë 2 ‡ª√’¬∫‡∑’¬∫§«“¡ —¡æ—π∏å¢Õß√Ÿª·∫∫°“√· ¥ßÕÕ°¢Õß MHC class I ·∫∫ membranous pattern
·≈– cytoplasmic pattern ´÷Ëß¬âÕ¡¥â«¬ anti-HC ·≈– anti-β

2
M  „π°≈ÿà¡µ—«Õ¬à“ßºŸâªÉ«¬√–¬–°àÕπ

‡ªìπ¡–‡√Áßª“°¡¥≈Ÿ° (cervical intraepithelial neoplasia) ·∫àß‡ªìπ  CIN I, CIN II, CIN III ·≈–
CIS (carcinoma in situ)  °≈ÿà¡ºŸâªÉ«¬¡–‡√Áßª“°¡¥≈Ÿ°√–¬–≈ÿ°≈“¡ (CXCA) ·∫àß‡ªìπ 2 °≈ÿà¡ °≈ÿà¡
∑’Ë 1 ¡–‡√Áß≈ÿ°≈“¡√–¬–‡√‘Ë¡µâπ ‰¥â·°à ¡–‡√Áß√–¬–∑’Ë 1-2; °≈ÿà¡∑’Ë 2 ¡–‡√Áß≈ÿ°≈“¡√–¬– ÿ¥∑â“¬ ‰¥â·°à
¡–‡√Áß√–¬–∑’Ë 3-4 ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡ª“°¡¥≈Ÿ°ª°µ‘ (normal cervix)
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«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
°“√‡ª≈’Ë¬π·ª≈ß¢Õß°“√· ¥ßÕÕ°¢Õß MHC class

I À√◊Õ HLA class I æ∫‰¥â„π¡–‡√ÁßÀ≈“¬™π‘¥(11) „π
¡–‡√Áßª“°¡¥≈Ÿ°‡§¬¡’√“¬ß“πæ∫°“√· ¥ßÕÕ°¢Õß
HLA class I ≈¥≈ß ‚¥¬√–¥—∫°“√· ¥ßÕÕ°∑’Ë≈¥≈ß
π—Èπ —¡æ—π∏å°—∫√–¬–·≈–§«“¡√ÿπ·√ß¢Õß‚√§(12) ·µà‰¡à
 —¡æ—π∏å°—∫°“√æ∫ HPV type 16/18(13) „π¢≥–∑’Ë
Torres ·≈–§≥–(14) √“¬ß“π«à“°“√æ∫ HPV 16  —¡æ—π∏å
°—∫°“√· ¥ßÕÕ°¢Õß HLA class I  Õ¬à“ß‰√°Áµ“¡®“°
°“√»÷°…“§√—Èßπ’È°≈—∫‰¡àæ∫§«“¡ —¡æ—π∏å√–¥—∫°“√
· ¥ßÕÕ° MHC class I ∑—Èß 2 °≈ÿà¡µ—«Õ¬à“ß‡∑’¬∫°—∫
°≈ÿà¡§«∫§ÿ¡ Õ“®‡π◊ËÕß®“°„π¿“æ√«¡°“√µ‘¥ ’™‘Èπ‡π◊ÈÕ
¡–‡√Áß√–¬–≈ÿ°≈“¡·≈–√–¬–°àÕπ‡ªìπ¡–‡√Áß ¡’°“√
· ¥ßÕÕ°§àÕπ¢â“ßµË”§◊ÕÕ¬Ÿà√–À«à“ß 1+ ∂÷ß 2+ µ“¡‡°≥±å
°“√‡°√¥À¡“¬∂÷ßª√–¡“≥ 50% ¢Õß‡´≈≈å∑’Ë¬âÕ¡∫π
 ‰≈¥å À√◊ÕµË”°«à“‡∑à“π—Èπ∑’Ë¡’°“√· ¥ßÕÕ°¢Õß MHC
class I  Õ¥§≈âÕß°—∫ Keating ·≈–§≥–(12) ∑”„Àâ°“√
µ√«®À“√–¥—∫°“√· ¥ßÕÕ°∑’Ë≈¥≈ßÕ“®¡’§«“¡ “¡“√∂
„π°“√®”·π°µË”≈ß ‚¥¬‡©æ“–‡¡◊ËÕ«‘‡§√“–Àå√–¥—∫°“√
· ¥ßÕÕ°¢Õß MHC class I „π°≈ÿà¡ normal cervix
æ∫°“√µ‘¥ ’Õ¬Ÿà√–À«à“ß 1+ ∂÷ß 2+ ‡™àπ°—π ®“°º≈¢â“ß
µâππ’È πà“®–∑”„Àâ √ÿª«à“ °“√„™â√–¥—∫°“√µ‘¥ ’ ‡æ◊ËÕ∫Õ°
√–¥—∫ °“√· ¥ßÕÕ°„π¡–‡√Áß√–¬–µà“ßÊ Õ“®‰¡à‡ÀÁπ
·π«‚πâ¡°“√‡ª≈’Ë¬π·ª≈ß∑’Ë™—¥‡®π πÕ°®“°π—Èπ °“√Õà“π
√–¥—∫°“√µ‘¥ ’ ‡æ◊ËÕ –∑âÕπ∂÷ß√–¥—∫°“√· ¥ßÕÕ°¢Õß
MHC class I ¡’§«“¡·ª√ª√«πµ“¡ºŸâÕà“π·≈–™ÿ¥°“√
¬âÕ¡·µà≈–™ÿ¥´÷Ëß§«∫§ÿ¡‰¥â¬“°

∂÷ß·¡â«à“°“√‡°√¥√–¥—∫°“√· ¥ßÕÕ°‰¡à‡ÀÁπ§«“¡
 —¡æ—π∏å∑“ß ∂‘µ‘ ·µàº≈∑’Ëπà“ π„®§◊Õ°“√æ∫§«“¡ —¡æ—π∏å
¢Õß√Ÿª·∫∫°“√· ¥ßÕÕ°·∫∫ non-surface staining
À√◊Õ cytoplasmic staining „π™‘Èπ‡π◊ÈÕ°≈ÿà¡ºŸâªÉ«¬¡–‡√Áß
„π¢≥–∑’Ë normal cervix æ∫·∫∫ surface staining
· ¥ß„Àâ‡ÀÁπ«à“ MHC class I „πºŸâªÉ«¬¡–‡√Áß‰¡à
 “¡“√∂π”‡ πÕ·Õπµ‘‡®π∫πº‘«‡´≈≈å‰¥âµ“¡ª°µ‘
Cromme ·≈–§≥–(13) √“¬ß“πæ∫°“√≈¥≈ß¢Õß TAP-
1 √à«¡°—∫°“√· ¥ßÕÕ°¢Õß HLA class I ∑’Ë≈¥≈ß

Õ¬à“ß‰√°Áµ“¡°“√≈¥≈ß¢Õß TAP-1 π—Èπ æ∫‡©æ“–
§π‰¢â∫“ß√“¬„π°≈ÿà¡∑’Ë¡’ HLA class I down-regulation
‡∑à“π—Èπ ¥—ßπ—Èπ°≈‰°∑’Ë∑”„Àâ °“√· ¥ßÕÕ°¢Õß MHC
Class I À√◊Õ  HLA class I ≈¥≈ß (HLA dysregulation)
¬—ß‰¡à‡ªìπ∑’Ë∑√“∫·πà™—¥ πÕ°®“°π’È Ryu ·≈–§≥–(15)

æ∫«à“ HLA class I down-regulation ¡’§«“¡‡°’Ë¬«¢âÕß
°—∫ Tumor progression ·≈–°“√·æ√à°√–®“¬
(metastasis) ¢Õß¡–‡√Áßª“°¡¥≈Ÿ° ¢âÕ¡Ÿ≈¢Õß°“√æ∫
non-surface MHC class I „π°“√»÷°…“π’È πà“®–„™â∫àß™’È
§«“¡º‘¥ª°µ‘¢Õß MHC class I „π°“√π”‡ πÕ·Õπµ‘‡®π
∑”„Àâæ∫ MHC class I  – ¡Õ¬Ÿà¿“¬„π‡´≈≈å ¥—ß‡ÀÁπ
‰¥â®“°º≈°“√«‘‡§√“–Àå∑“ß ∂‘µ‘„π µ“√“ß∑’Ë 1 ∑’Ëæ∫
cytoplasmic staining pattern  Ÿß ∑—Èß„πºŸâªÉ«¬ pre-
invasive √–¬–∑â“¬ (CIN III and CIS) ·≈– invasive
cervical carcinoma Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ‡¡◊ËÕ
‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ ·≈–°“√‡ª≈’Ë¬π·ª≈ßπ’È “¡“√∂
æ∫‰¥âµ—Èß·µà√–¬– CIN III ‡ªìπµâπ‰ª ∑”„Àâ π—∫ πÿπ
 ¡¡µ‘∞“π«à“°≈‰°§«“¡∫°æ√àÕß¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π„π
√à“ß°“¬ ‡ªìπªí®®—¬ àß‡ √‘¡°“√°àÕ„Àâ‡°‘¥‡´≈≈å¡–‡√Áß ·≈–
 “¡“√∂„™â‡ªìπµ—«™à«¬°“√æ¬“°√≥å‚√§ ‚¥¬‡©æ“–„π
°“√¥”‡π‘π‚√§®“°√–¬–°àÕπ‡ªìπ¡–‡√Áß‰ª Ÿà¡–‡√Áßª“°
¡¥≈Ÿ°√–¬–≈ÿ°≈“¡ °“√µ√«®À“§«“¡º‘¥ª°µ‘¢Õß°“√
π”‡ πÕ·Õπµ‘‡®π„π°“√»÷°…“π’È π—∫‡ªìπ°“√π”‡ πÕ
early marker µ—«∑’Ë ”§—≠·≈–¬—ßÕ“®„™â„π™à«¬°“√
∑”π“¬°“√µÕ∫ πÕßµàÕ°“√√—°…“À“°¡’°“√µ‘¥µ“¡º≈
°“√√—°…“„π°≈ÿà¡ºŸâªÉ«¬‡À≈à“π’ÈµàÕ‰ª
πÕ°®“°π’È°“√«‘‡§√“–ÀåÀ“ “‡Àµÿ∑’Ë∑”„Àâ‡°‘¥§«“¡º‘¥ª°µ‘
¢Õß MHC class I „π°“√π”‡ πÕ·Õπµ‘‡®πÕ“®π”‰ª
 Ÿà°“√æ∫µ—«∫àß™’È∑’Ë ”§—≠ „π°“√æ—≤π“‰ª Ÿà°“√‡ªìπ¡–‡√Áß
‚¥¬°≈‰°∑’Ëπà“ π„®§◊Õ°≈‰°∑’Ë‡°’Ë¬«°—∫§«“¡º‘¥ª°µ‘
¢Õß°“√π”‡ πÕ·Õµ‘‡®π∫πº‘«‡´≈≈å (processing
antigen) ºà“π‚¡‡≈°ÿ≈µà“ß Ê ‰¥â·°à TAP-1, TAP-2 ·≈–
Tapasin ‡ªìπµâπ ´÷Ëß°“√µ√«®¥â«¬°“√¬âÕ¡‚ª√µ’π
immunoperoxidase staining  “¡“√∂∑”‰¥âßà“¬„π
ÀâÕßªÆ‘∫—µ‘°“√∑—Ë«‰ª
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