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∫∑§—¥¬àÕ
Burkholderia pseudomallei (B. pseudomallei) ‡ªìπ·∫§∑’‡√’¬·°√¡≈∫∑’Ë‡ªìπ “‡Àµÿ¢Õß‚√§‡¡≈‘ÕÕ¬‚¥ ‘  ÷́Ëß‡ªìπ‚√§

µ‘¥‡™◊ÈÕ∑’Ëæ∫°“√√–∫“¥¡“°„π¿Ÿ¡‘¿“§‡Õ‡™’¬µ–«—πÕÕ°‡©’¬ß„µâ ·≈–µÕπ‡Àπ◊Õ¢Õß∑«’ªÕÕ ‡µ√‡≈’¬ ‚√§‡¡≈‘ÕÕ¬‚¥ ‘ π’È ¡’Õ“°“√
· ¥ß∑’ËÀ≈“°À≈“¬ µ—Èß·µà‰¡à· ¥ßÕ“°“√ °÷Ëß· ¥ßÕ“°“√ ‡√◊ÈÕ√—ß ·≈–Õ“°“√‡©’¬∫æ≈—π ªí®®ÿ∫—π§«“¡√Ÿâ‡°’Ë¬«°—∫°≈‰°°“√°√–µÿâπ
√–∫∫¿Ÿ¡‘§ÿâ¡°—π„π¡πÿ…¬å¢Õß‡™◊ÈÕ B. pseudomallei ¬—ß¡’°“√»÷°…“Õ¬ŸàπâÕ¬ °“√»÷°…“§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ∑”°“√ √â“ß dendritic
cells (DCs) ®“°‡´≈≈å monocyte ¢Õß¡πÿ…¬å„πÀ≈Õ¥∑¥≈Õß ∑’Ë‡√’¬°«à“ Monocyte-derived dendritic cells (MoDCs)
‡æ◊ËÕ‡ªìπµâπ·∫∫„π°“√»÷°…“°“√µÕ∫ πÕß∑“ß√–∫∫¿Ÿ¡‘§ÿâ¡°—πµàÕ‡™◊ÈÕ B. pseudomallei ®“°º≈°“√»÷°…“‚¥¬„™â«‘∏’ immuno-
magnetic bead sorting ®“°µ—«Õ¬à“ß‡≈◊Õ¥®“°ºŸâ∫√‘®“§‚≈À‘µ  “¡“√∂·¬°‡´≈≈å‚¡‚π‰´µå (CD14+ cells) ∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ï
∂÷ß √âÕ¬≈– 95 ·≈–¡’°“√æ—≤π“‰ª‡ªìπ MoDCs æ∫°“√· ¥ßÕÕ°¢Õß·Õπµ‘‡®π™π‘¥ HLA-DR ·≈– CD11c ∫πº‘«‡´≈≈å
‡æ‘Ë¡¡“°¢÷Èπ ®“°°“√µ√«®¥â«¬«‘∏’ Flow cytometry ·≈–æ∫°“√· ¥ßÕÕ°¢Õß CD 14 ∑’Ë≈¥≈ß ‡¡◊ËÕ°√–µÿâπ¥â«¬‰´‚µ‰§πå
™π‘¥ GM-CSF ·≈– IL-4 πÕ°®“°π’È¬—ß‰¥â∑”°“√∑¥ Õ∫§«“¡ “¡“√∂¢Õß MoDCs „π°“√ √â“ß IL-6 ‚¥¬°“√°√–µÿâπ¥â«¬‡™◊ÈÕ
B. pseudomallei ∑’Ë∑”„Àâµ“¬¥â«¬§«“¡√âÕπ (heat killed B. pseudomallei) À√◊Õ lipopolysaccaride ®“°‡™◊ÈÕ Escherichia coli
·≈–∑”°“√µ√«®¥â«¬«‘∏’ Sandwich ELISA æ∫«à“‡™◊ÈÕ B. pseudomallei   “¡“√∂°√–µÿâπ„Àâ MoDCs  √â“ß IL-6 ÕÕ°¡“
„π à«π„ ¢ÕßπÈ”‡≈’È¬ß‡´≈≈å · ¥ß∂÷ß°“√æ—≤π“‰ª Ÿà°“√∑”Àπâ“∑’ËÕ¬à“ß ¡∫Ÿ√≥å¢Õß DCs º≈°“√»÷°…“§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ∂÷ß§«“¡
 “¡“√∂„π°“√æ—≤π“«‘∏’°“√ √â“ß DCs ÷́Ëß®–‡ªìπª√–‚¬™πå„π°“√»÷°…“°“√µÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—πµàÕ‡™◊ÈÕ B. pseudomallei  µàÕ‰ª
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Generation of dendritic cells from human monocytes to study immune
response against Burkholderia pseudomallei
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Abstract
Burkholderia pseudomallei (B. pseudomallei) is a major causative agent of melioidosis in southeast Asia and

northern Australia. Clinical manifestations range from asymptomatic, sub-acute and chronic infections to acute
sepsis. However, the mechanism of immune response to B. pseudomallei is known very little. This study aimed to
generate monocyte derived dendritic cells (MoDcs) from human peripheral blood samples as a model to study
immune response to B. pseudomallei. By using immune-magnetic bead sorting, monocytes (CD14+ cells) were
isolated from pheripheral blood and the purity of obtained monocytes was approximately 95%. Moreover, the
monocytes differentiated into çimmatureé DC by GM-CSF and IL-4 activation as evidenced by their surface
phenotypes assayed by flow cytometry eg. HLA-DR and CD11c upregulation whilst CD14 downregulation. When
MoDCs were collected and stimulated with heat killed- B. pseudomallei or lipopolysaccharide from E. coli for
24 or 48 hours, the results indicated the highest levels of IL-6 induced by B. pseudomallei and it was comparable
between 24 and 48 hours. In conclusion, we demonstrated the generation of MoDCs which could be used for further
study of immune responses to B. pseudomallei and other pathogens.
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∫∑π”
Dendritic cells (DCs) ‡ªìπ‡´≈≈å„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π

¢Õß√à“ß°“¬´÷Ëß∑”Àπâ“∑’Ë‡ªìπ antigen presenting cell (APC)
¡’∫∑∫“∑ ”§—≠„π°“√µÕ∫ πÕßµàÕ°“√µ‘¥‡™◊ÈÕ ‚¥¬‡©æ“–
„π™à«ß·√°¢Õß°“√µ‘¥‡™◊ÈÕ ·≈–‡ªìπ°≈‰° ”§—≠„π°“√§«∫§ÿ¡
°“√∑”ß“π∑’Ë —¡æ—π∏å°—π¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π·∫∫ innate immune
response ·≈–·∫∫ adaptive immune response „π ¿“«–
ª°µ‘ DCs ∑”Àπâ“∑’Ë‡ ¡◊Õπ¬“¡¢Õß√à“ß°“¬ ‡¡◊ËÕæ∫°—∫
 ‘Ëß·ª≈°ª≈Õ¡ ®–∑”°“√®—∫°‘π·≈–¬àÕ¬ ‘Ëß·ª≈°ª≈Õ¡‡À≈à“π—Èπ(1)

æ√âÕ¡°—∫‡¥‘π∑“ß‰ª ŸàµàÕ¡πÈ”‡À≈◊Õß‡æ◊ËÕπ”‡ πÕ·Õπµ‘‡®π
¢Õß ‘Ëß·ª≈°ª≈Õ¡„Àâ°—∫ T lymphocyte ∑’ËÕ¬Ÿà„πµàÕ¡πÈ”
‡À≈◊Õß‡æ◊ËÕ°√–µÿâπ„Àâ√à“ß°“¬°”®—¥ ‘Ëß·ª≈°ª≈Õ¡‡À≈à“π—Èπ
‚¥¬„π¢≥–∑’Ë‡¥‘π∑“ß‰ª ŸàµàÕ¡πÈ”‡À≈◊Õß DCs ®–¡’°“√æ—≤π“
‚¡‡≈°ÿ≈∑’Ë®”‡ªìπ„π°“√°√–µÿâπ°“√∑”ß“π¢Õß lymphocyte
·≈–°√–µÿâπ°“√∑”ß“π¢Õß‡´≈≈å lymphocyte ¥â«¬ 3 °≈‰°
§◊Õ 1. °≈‰° MHC-complex ·≈– T-cell receptor
2. °“√°√–µÿâπºà“π co-stimulatory molecules ·≈– 3. °≈‰°
°“√°√–µÿâπºà“π∑“ß cytokine receptor(2) °“√»÷°…“°“√
∑”ß“π¢Õß DCs ‚¥¬°“√·¬°‡´≈≈å™π‘¥¥—ß°≈à“«ÕÕ°¡“
‚¥¬µ√ß®“°√à“ß°“¬π—Èπ∑”‰¥â¬“° ‡π◊ËÕß®“°‡´≈≈åπ’È¡’ª√‘¡“≥
∑’ËπâÕ¬¡“°„π°√–· ‡≈◊Õ¥ ®÷ß‰¥â¡’°“√æ¬“¬“¡ √â“ß DCs
„πÀ≈Õ¥∑¥≈Õß¢÷Èπ ‚¥¬‰¥â¡’°“√æ¬“¬“¡∑’Ë®–π” DCs
∑’Ë‡ªìπ conventional DCs ∑’ËÕ¬Ÿàµ“¡‡π◊ÈÕ‡¬◊ËÕµà“ßÊ À√◊Õ°“√
·¬°‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«‚¡‚π‰´µå®“° à«πµà“ßÊ  „π√à“ß°“¬
‡™àπ ®“°πÈ”≈â“ßªÕ¥ À√◊Õ à«π¢Õß‡¡Á¥‡≈◊Õ¥¢“«®“°°√–· ‡≈◊Õ¥
¡“°√–µÿâπ¥â«¬ cytokine 2 ™π‘¥ §◊Õ granulocyte-macrophage
colony-stimulating factor (GM-CSF) ·≈– interleukin-4
(IL-4)  ‡æ◊ËÕ„Àâ‡°‘¥°“√°√–µÿâπ°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß‡ªìπ DCs
∑’Ë‡√’¬°«à“ monocyte- derived dendritic cells (MoDCs)(3)

´÷Ëß‚¥¬«‘∏’π’È®–∑”Àâ‰¥â DCs „πª√‘¡“≥∑’Ë‡æ‘Ë¡¡“°¢÷Èπ‡æ◊ËÕ„™â
„π°“√µÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—πµàÕ‰ª

B. pseudomallei ‡ªìπ‡™◊ÈÕ·∫§∑’‡√’¬·°√¡≈∫∑’Ë‡ªìπ
 “‡Àµÿ¢Õß‚√§ melioidosis ÷́Ëßæ∫·≈–√“¬ß“π§√—Èß·√°
∑’Ë°√ÿß¬à“ß°ÿâß ª√–‡∑»æ¡à“ „πªï §.». 1911 ‚¥¬ Alfred
Whitmore ·≈– CS Krishnaswami(4) ‚¥¬¡’æ◊Èπ∑’Ë√–∫“¥
Õ¬Ÿà„π¿Ÿ¡‘¿“§‡Õ‡™’¬µ–«—πÕÕ°‡©’¬ß„µâ ·≈–æ∫¡“°Õ¬à“ß¬‘Ëß
„πæ◊Èπ∑’Ë¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ¢Õßª√–‡∑»‰∑¬·≈–∑“ß
µÕπ‡Àπ◊Õ¢Õß∑«’ªÕÕ ‡µ√‡≈’¬(5) Õ“°“√¢Õß‚√§π’È¡’À≈“°À≈“¬

µ—Èß·µà‰¡à· ¥ßÕ“°“√ °÷Ëß· ¥ßÕ“°“√ ‡√◊ÈÕ√—ß ·≈–Õ“°“√
‡©’¬∫æ≈—π(6) °“√«‘π‘®©—¬∑“ß§≈‘π‘°¢Õß‚√§π’È∑”‰¥â¬“°
‡π◊ËÕß®“°¡’Õ“°“√· ¥ß‡À¡◊Õπ°—∫‚√§µ‘¥‡™◊ÈÕÕ◊ËπÊ ·≈–°“√
»÷ °… “ ‡ °’Ë ¬ «°— ∫° “ √µÕ∫ πÕß∑“ ß¿Ÿ ¡‘ §ÿâ ¡ °— πµà Õ ‡ ™◊È Õ
B. pseudomallei „π¡πÿ…¬å¬—ß¡’Õ¬ŸàπâÕ¬ °“√ »÷°…“π’È®÷ß¡’®ÿ¥
ª√– ß§å‡æ◊ËÕ √â“ß‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«™π‘¥ DCs ‡æ◊ËÕ„™â„π°“√
»÷°…“°“√µÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π¢Õß¡πÿ…¬å µàÕ‡™◊ÈÕ
B. pseudomallei ‡æ◊ËÕ‡ªìπµ—«Õ¬à“ß„π°“√»÷°…“ª√–‚¬™πå
„π°“√√—°…“ «‘π‘®©—¬·≈–°“√æ—≤π“«—§´’πµàÕ‰ª

«— ¥ÿ·≈–«‘∏’°“√»÷°…“
°“√·¬°‚¡‚π‰´µå ¥â«¬«‘∏’ immuno-magnetic bead  sorting

·≈–°“√µ√«®«—¥§«“¡∫√‘ ÿ∑∏‘Ï

°“√»÷°…“§√—Èßπ’È‰¥â„™âµ—«Õ¬à“ß buffy coat ®“°Õ“ “ ¡—§√
 ÿ¢¿“æ¥’∑’Ë ‰¥â®“°ß“π§≈—ß‡≈◊Õ¥ ‚√ßæ¬“∫“≈»√’π§√‘π∑√å
¡À“«‘∑¬“≈—¬¢Õπ·°àπ ´÷Ëß‚§√ß°“√«‘®—¬‰¥âºà“π°“√√—∫√Õß
®“°§≥–°√√¡°“√®√‘¬∏√√¡°“√«‘®—¬„π¡πÿ…¬å ¡À“«‘∑¬“≈—¬
¢Õπ·°àπ ‡≈¢∑’Ë HE470506

‚¥¬‡√‘Ë¡·¬° monocyte ®“° peripheral blood
mononuclear cells (PBMCs) ¥â«¬«‘∏’ density gradient
centrifugation ‚¥¬°“√„™â Ficoll-Hypaque (1.077 g/ml)
ª√‘¡“µ√ 15 ml ·≈–µ—«Õ¬à“ß‡≈◊Õ¥∑’Ë‡®◊Õ®“ß¥â«¬ Phosphate
buffered saline (PBS) „πÕ—µ√“ à«π 1:2 ª√‘¡“µ√ 30 ml ªíòπ
¥â«¬§«“¡‡√Á«√Õ∫ 400 g, 20 C ‡ªìπ‡«≈“ 30 π“∑’ ®“°π—Èππ”
PBMCs ∑’Ë‰¥â¡“ºà“π°√–∫«π°“√·¬° monocyte ‚¥¬„™â
immuno magnetic bead cell sorting (Miltenyi Biotec,
Bergisch Gladbach, Germany) ·∫∫ positive selection
·≈– à«πÀπ÷Ëß®–∂Ÿ°·∫àß‡æ◊ËÕµ√«®«—¥§«“¡∫√‘ ÿ∑∏‘Ï¥â«¬«‘∏’ flow
cytometry ‚¥¬„™â CD14 monoclonal antibody ∑’Ëµ‘¥
©≈“°¥â«¬ “√‡√◊Õß· ß Fluorescein isothiocyanate (FITC)
®“°π—Èπ®÷ßπ” monocyte ∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ï¡“°°«à“ √âÕ¬≈– 95
‰ª„™â„π°“√ √â“ß DCs „πÀ≈Õ¥∑¥≈Õß‡æ◊ËÕ„™â„π°“√»÷°…“µàÕ‰ª
°“√ √â“ß Dendritic cells „πÀ≈Õ¥∑¥≈Õß (in-vitro
Dendritic cells generation)

Monocyte ∑’Ë·¬°„Àâ∫√‘ ÿ∑∏‘Ï ·≈â«®–π”¡“‡≈’È¬ß„πÕ“À“√
‡≈’È¬ß‡´≈≈å™π‘¥ RPMI 1640 (Gibco, Grand Island, NY)
∑’Ë‡µ‘¡¡’°“√‡µ‘¡ Fetal Bovine Serum (FBS) ∑’Ë§«“¡‡¢â¡¢âπ
10 ‡ªÕ√å‡´πµå ·≈–‡µ‘¡ Granulucyte Monocyte-Colony
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Stimulating Factor (GM-CSF) ·≈– Interleukin-4 (IL-4)
(PeproTech, Rocky Hill, NJ)  §«“¡‡¢â¡¢âπ 300  U/ml
·≈– 200 U/ml µ“¡≈”¥—∫(3) ‚¥¬‡≈’È¬ß monocyte „π∂“¥
‡≈’È¬ß™π‘¥ 24 À≈ÿ¡ „πµŸâ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 C ·≈–¡’ª√‘¡“≥
5 % CO

2
  ‚¥¬‡µ‘¡‡´≈≈å monocytes  ®”π«π 106  ‡´≈≈å

„π RPMI 1640 ª√‘¡“µ√ 1 ml ∑”°“√‡ª≈’Ë¬πÕ“À“√‡≈’È¬ß
‚¥¬π”Õ“À“√‡≈’È¬ßÕÕ°ª√‘¡“µ√ 500 µl ®“°π—Èπ‡µ‘¡Õ“À“√
„À¡à≈ß‰ª 500 µl ‚¥¬∑”°“√‡ª≈’Ë¬π„π∑ÿ°Ê 2 «—π ‡¡◊ËÕ§√∫
6 «—π®÷ß‡°Á∫‡´≈≈å∑’Ë‰¥â‰ªµ√«®«—¥°“√‡ª≈’Ë¬π·ª≈ß°“√· ¥ßÕÕ°
¢Õß·Õπµ‘‡®π∫πº‘«‡´≈≈å™π‘¥ CD14, CD11c ·≈– HLA-
DR ‡æ◊ËÕµ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß‰ª‡ªìπ DCs ‚¥¬„™â§Õπ
®Ÿ‡°µ∑’Ë®”‡æ“–‰¥â·°à CD14-FITC, CD11c-PE ·≈– HLA-
DR-PE (BD Biosciences) ¥â«¬«‘∏’ flow cytometry
°“√‡≈’È¬ß‡™◊ÈÕ B. pseudomallei  ·≈–°“√∑”„Àâµ“¬¥â«¬§«“¡√âÕπ

(Growth of B. pseudomallei and heat inactivation)
‡™◊ÈÕ B. pseudomallei  “¬æ—π∏ÿå K96243 ∑’Ë·¬°‰¥â

®“°ºŸâªÉ«¬·≈–π”¡“‡≈’È¬ß„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ Luria-Bertani
(LB) ™π‘¥‡À≈« „πµŸâ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 C ‡ªìπ‡«≈“ 18 ™—Ë«‚¡ß
®“°π—Èπ∑”°“√π—∫ª√‘¡“≥‡™◊ÈÕ¥â«¬«‘∏’π—∫®”π«π‚§‚≈π’  à«π°“√
∑”„Àâ‡™◊ÈÕµ“¬¥â«¬§«“¡√âÕππ—Èπ∑”‚¥¬ ªíòπÕ“À“√‡≈’È¬ß∑’Ë¡’‡™◊ÈÕ
·∫§∑’‡√’¬‡®√‘≠Õ¬Ÿà ®“°π—Èπ≈â“ß¥â«¬ PBS 3 §√—Èß ‡®◊Õ®“ß‡™◊ÈÕ
B. pseudomallei  ∑’Ë‰¥â¥â«¬ PBS „πÕ—µ√“ à«π 1:10 ·≈–
∑”„Àâµ“¬¥â«¬§«“¡√âÕπ 70 C ‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß ®“°π—Èπ
µ√«® Õ∫°“√¡’™’«‘µ√Õ¥¢Õß‡™◊ÈÕ ‚¥¬‡µ‘¡‡™◊ÈÕ·∫§∑’Ë‡√’¬∑’Ëºà“π
°“√∑”„Àâµ“¬¥â«¬§«“¡√âÕπ ª√‘¡“µ√ 50 µl „πÕ“À“√‡≈’È¬ß‡™◊ÈÕ
LB ™π‘¥‡À≈«ª√‘¡“µ√ 5 ml  ∫à¡„πµŸâ∫à¡‡™◊ÈÕÕÿ≥À¿Ÿ¡‘ 37 C
‡ªìπ‡«≈“ 7 «—π ®“°π—Èπ π”Õ“À“√‡≈’È¬ß‡™◊ÈÕ LB ™π‘¥‡À≈«
ª√‘¡“µ√ 200 µl ‰ª‡≈’È¬ß∫πÕ“À“√ LB ™π‘¥·¢Áß Õ’°‡ªìπ‡«≈“
7 «—π(7)À“°‰¡à¡’‡™◊ÈÕ B. pseudomallei ‡®√‘≠ ®÷ßπ”‡™◊ÈÕ
∑’Ëºà“π°“√∑”„Àâµ“¬¥â«¬§«“¡√âÕπ‰ª„™âß“πµàÕ‰ª
°“√»÷°…“§«“¡ ¡∫Ÿ√≥å·≈–ª√– ‘∑∏‘¿“æ°“√∑”ß“π¢Õß DCs

∑’Ë √â“ß¢÷Èπ

Dendritic cell ∑’Ë‰¥â®–∂Ÿ°°√–µÿâπ¥â«¬‡™◊ÈÕ B. pseudomallei
∑’Ë∑”„Àâµ“¬¥â«¬§«“¡√âÕπ (HkBps) „πÕ—µ√“ à«π 1:10 (DCs
: HkBps = 1:10), 1 µg/ml lipopolysaccharide (LPS)
®“°‡™◊ÈÕ Escherichia coli ·≈– 10 µg/ml IL-12 √à«¡°—∫ IL-15
 ”À√—∫„™â‡ªìπ positive control ‡ªìπ‡«≈“ 24 ·≈– 48 ™—Ë«‚¡ß

„πµŸâ‡≈’È¬ß∑’ËÕÿ≥À¿Ÿ¡‘ 37 C ·≈–¡’ª√‘¡“≥ 5 % CO
2

®“°π—Èπ∑”°“√‡°Á∫ à«π„ ¢ÕßπÈ”‡≈’È¬ß‡´≈≈å∑’Ë∂Ÿ°°√–µÿâπ
‡æ◊ËÕπ”‰ªµ√«®À“‰´‚µ‰§πå (cytokine) À≈—°∑’Ë √â“ß®“° DCs
´÷Ëß‰¥â·°à IL-6 πÕ°®“°π’È„π à«π¢Õß‡´≈≈å DCs ®–∂Ÿ°∑”°“√
¬âÕ¡¥â«¬‡∑§π‘§ immunofluorescence ·≈–°“√µ√«®
«‘‡§√“–Àå¥â«¬‡∑§π‘§ Flow cytometry  ‡æ◊ËÕ¥Ÿ°“√· ¥ßÕÕ°
¢Õß·Õπµ‘‡®π∫πº‘«‡´≈≈å ‰¥â·°à CD14, HLA-DR ·≈–
CD11c ‡æ◊ËÕ¥Ÿ°“√æ—≤π“‰ª‡ªìπ DCs ∑’Ë ¡∫Ÿ√≥å
°“√µ√«®À“‰´‚µ‰§πå™π‘¥ IL-6 ¥â«¬«‘∏’ Sandwich ELISA

∑”°“√‡§≈◊Õ∫ ELISA plate ¥â«¬·Õπµ‘∫Õ¥’µàÕ IL-6
¢Õß¡πÿ…¬å ∑’Ë‡®◊Õ®“ß 1:250 „π 0.1 M carbonate-bicarbonate
buffer (pH 9.6) ‡µ‘¡≈ß„π‡æ≈∑ ELISA ª√‘¡“µ√ 50 l
π”‰ª∫à¡∑’Ë 37 C 3 ™—Ë«‚¡ß À√◊Õ 4 C ¢â“¡§◊π ®“°π—Èπ block
‡æ≈∑¥â«¬ 10 % FBS Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß 60 π“∑’ ®“°π—Èπ
∑”°“√‡µ‘¡ “√¡“µ√∞“π (standard) IL-6 ∑’Ë∑√“∫§«“¡‡¢â¡¢âπ
‡√‘Ë¡®“° 0 ∂÷ß 600 pg/ml  ·≈– à«π„ ¢ÕßπÈ”‡≈’È¬ß‡´≈≈å
∑’Ë‡®◊Õ®“ß „π PBS ∑’Ë¡’ 0.05 % Tween 20 ‚¥¬¡’ culture
medium ‡ªìπ negative control π”‡æ≈∑‰ª«“ß‰«â∑’Ë Õÿ≥À¿Ÿ¡‘
ÀâÕß‡ªìπ‡«≈“ 120 π“∑’ ∑”°“√≈â“ß à«π‡°‘πÕÕ°‰ª¥â«¬ PBS
∑’Ë¡’ 0.05 % Tween 20 ®”π«π 3 §√—Èß ®“°π—Èπ‡µ‘¡ 1:250
¢Õß anti-IL-6 conjugated HRP-Biotin (BD Biosciences)
º ¡°—∫ 1:250 avidin ∑’Ë‡®◊Õ®“ß„π 10 % FBS ≈ß‰ªÀ≈ÿ¡≈–
50 µl «“ß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ ÀâÕß‡ªìπ‡«≈“ 60 π“∑’ ∑”°“√≈â“ß
 à«π‡°‘πÕÕ°‰ª¥â«¬ PBS ∑’Ë¡’ 0.05 % Tween 20 ®”π«π
3 §√—Èß ®“°π—Èπ‡µ‘¡ Tetramethylbenzidine (TMB), hydrogene
peroxide (H

2
O

2
) ´÷Ëß‡ªìπ substrate ‡ªìπ‡«≈“ 30 π“∑’

Õà“πº≈∑’Ë§«“¡¬“«§≈◊Ëπ 450 π“‚π‡¡µ√ ¥â«¬‡§√◊ËÕß ELISA
reader (Sunrise, Tecan, Crailsheim, Germany)

º≈°“√»÷°…“
§«“¡∫√‘ ÿ∑∏‘Ï¢Õß‡´≈≈å™π‘¥ monocyte À≈—ß°“√·¬°¥â«¬«‘∏’

immuno-magnetic bead sorting

°“√·¬°‡´≈≈å‡æ◊ËÕπ”‰ª„™â„π¢—ÈπµàÕ‰ª¢Õß°“√»÷°…“π’È
„™â«‘∏’ immuno magnetic bead sorting ·∫∫ positive
selection ºŸâ«‘®—¬∑”°“√·¬° monocyte ®“° PBMCs ®“°π—Èπ
monocyte ∑’Ë·¬°‰¥â à«πÀπ÷Ëß‡æ◊ËÕ∑¥ Õ∫§«“¡∫√‘ ÿ∑∏‘Ï
‚¥¬¬âÕ¡¥â«¬ CD14 monoclonal antibody ·≈–µ√«®π—∫
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‡´≈≈å∑’Ë‡√◊Õß· ß¥â«¬«‘∏’ flow cytometry ®“°°“√»÷°…“π’È
æ∫«à“‰¥â‡´≈≈å monocyte ∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ïª√–¡“≥√âÕ¬≈–
96-98 (√Ÿª∑’Ë 1) ´÷Ëß®–‡ÀÁπ«à“‡´≈≈å∑’Ë·¬°‰¥â¡’§«“¡∫√‘ ÿ∑∏‘Ï Ÿß

·≈–¡’°“√ªπ‡ªóôÕπ¢Õß‡´≈≈åÕ◊ËπÊ„πª√‘¡“≥‡≈Á°πâÕ¬ ‡´≈≈å
monocyte ∑’Ë·¬°‰¥â®÷ß¡’§«“¡‡À¡“– ¡∑’Ë®–π”‰ª„™â„π°“√
»÷°…“µàÕ‰ª

√Ÿª∑’Ë 1 §«“¡∫√‘ ÿ∑∏‘Ï¢Õß‡´≈≈å monocytes ‚¥¬°“√¬âÕ¡·Õπµ‘‡®π™π‘¥ CD14 ∑’Ë· ¥ßÕ¬Ÿà∫πº‘«‡´≈≈å ¿“¬À≈—ß°“√·¬°‡´≈≈å
¥â«¬«‘∏’ immuno magnetic bead sorting ·∫∫ positive selection

°“√‡ª≈’Ë¬π·ª≈ß¢Õß  monocyte ‰ª Ÿà  DCs „πÀ≈Õ¥∑¥≈Õß

¿“¬À≈—ß°“√·¬° monocyte ¥â«¬«‘∏’ immune magnetic
bead sorting ·≈–‰¥â‡´≈≈å∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ï¡“°°«à“√âÕ¬≈– 95
·≈â«®÷ßπ”‡´≈≈å¡“‡≈’È¬ß„πÕ“À“√‡≈’È¬ß‡´≈≈å™π‘¥ RPMI 1640
∑’Ë¡’°“√‡µ‘¡ 10 % FBS ·≈–‡µ‘¡ GM-CSF ·≈– IL-4 §«“¡
‡¢â¡¢âπ 300  U/ml ·≈– 200 U/ml ‡ªìπ‡«≈“ 6 «—π ∑”°“√
‡°Á∫‡´≈≈å·≈–·∫àß à«πÀπ÷Ëß‰ªµ√«®«—¥§«“¡‡ª≈’Ë¬π·ª≈ß®“°
monocyte ‰ª Ÿà MoDCs ‚¥¬°“√¬âÕ¡‚¡‡≈°ÿ≈∫πº‘«‡´≈≈å™π‘¥
CD11c, HLA-DR, CD14 ·≈–µ√«®«—¥¥â«¬«‘∏’ flow cytometry
æ∫«à“ ‡´≈≈å∑’Ë‰¥â¡’°“√· ¥ßÕÕ°¢Õß‚¡‡≈°ÿ≈∫πº‘«‡´≈≈å™π‘¥
CD14 ´÷Ëß‡ªìπ‚¡‡≈°ÿ≈∑’Ë®”‡æ“–°—∫ monocyte ≈¥≈ß®“°√âÕ¬
≈– 97.6  ‡À≈◊Õ‡æ’¬ß√âÕ¬≈– 23 (√Ÿª∑’Ë 2a ·≈– 2c) ·≈–
¡’°“√ √â“ß‚¡‡≈°ÿ≈∫πº‘«‡´≈≈å™π‘¥ CD11c √à«¡°—∫ HLA-DR
ª√–¡“≥√âÕ¬≈– 98 (√Ÿª∑’Ë 2c) ´÷Ëß‚¡‡≈°ÿ≈∑—Èß Õß™π‘¥∫πº‘«
‡´≈≈åπ’È¡’§«“¡®”‡æ“–µàÕ DCs º≈°“√»÷°…“π’È “¡“√∂ √ÿª‰¥â
«à“¡’°“√‡ª≈’Ë¬π·ª≈ß®“°‡´≈≈å™π‘¥ monocyte ‰ª‡ªìπ DCs
¿“¬„πÀ≈Õ¥∑¥≈ÕßÀ≈—ß®“°°“√‡≈’È¬ß„πÕ“À“√‡æ“–‡≈’È¬ß

‡π◊ÈÕ‡¬◊ËÕ∑’Ë‡µ‘¡ “√ GM-CSF ·≈– IL-4 ≈ß‰ª ·≈– DCs
∑’Ë ‰¥â„π¢—ÈπµÕππ’È ®–π”‰ª„™â„π°“√»÷°…“°≈‰°°“√°√–µÿâπ
‡´≈≈å„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π¥â«¬‡™◊ÈÕ B. pseudomallei µàÕ‰ª
°“√ √â“ß IL-6 ¢Õß MoDCs

«‘∏’°“√µ√«®«—¥°“√ √â“ß‰´‚µ‰§πå IL-6 ´÷Ëß‡ªìπ‰´‚µ‰§πå
∑’Ë ”§—≠¢Õß DCs ‡ªìπÀπ÷Ëß„π«‘∏’∑’Ë®– “¡“√∂∫Õ°∂÷ß°“√
æ—≤π“¢Õß monocyte ‰ª‡ªìπ DCs ®“°º≈°“√»÷°…“§√—Èßπ’Èæ∫«à“
DCs ∑’Ë∂Ÿ°°√–µÿâπ¥â«¬ ¥â«¬‡™◊ÈÕ B. pseudomallei ∑’Ë∂Ÿ°∑”
„Àâµ“¬¥â«¬§«“¡√âÕπ (HkBps)  “¡“√∂∂Ÿ°°√–µÿâπ„Àâ √â“ß‰´
‚µ‰§πå IL-6 „π√–¥—∫∑’Ë¡“°°«à“ DCs ∑’Ë∂Ÿ°°√–µÿâπ¥â«¬‰´‚µ‰§πå
IL-12 √à«¡°—∫ IL-15  À√◊Õ DCs ∑’Ë∂Ÿ°°√–µÿâπ¥â«¬ LPS
¢Õß‡™◊ÈÕ E. coli πÕ°®“°π’È¬—ßæ∫«à“ª√‘¡“≥‰´‚µ‰§πå IL-6
∑’Ëµ√«®«—¥‰¥â ≥ ‡«≈“ 24 ·≈– 48 ™—Ë«‚¡ßπ—Èπ‰¡à¡’§«“¡
·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ¥—ß√Ÿª∑’Ë 3 ®“°º≈°“√»÷°…“
π’È‰¥â· ¥ß∂÷ß°“√æ—≤π“‰ª‡ªìπ‡´≈≈å DCs ∑’Ë “¡“√∂∑”Àπâ“∑’Ë
‰¥âÕ¬à“ß ¡∫Ÿ√≥å
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√Ÿª∑’Ë 2 °“√·ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈å monocyte ‰ª‡ªìπ DCs (a)ª√‘¡“≥‡´≈≈å™π‘¥ monocyte À≈—ß®“°°“√·¬°¥â«¬«‘∏’ immuno
magnetic beads „π«—π∑’Ë 1 ¥â«¬°“√¬âÕ¡ CD14 µ‘¥©≈“°¥â«¬ “√‡√◊Õß· ß FITC ·≈–µ√«®π—∫¥â«¬«‘∏’ flow cytometry
´÷Ëß¡’®”π«π monocyte 97.6 % (b) ¢π“¥ ·≈–ª√‘¡“≥·°√πŸ≈ ¿“¬„π‡´≈≈å „π«—π∑’Ë 6 À≈—ß®“°‡≈’È¬ß„πÕ“À“√‡≈’È¬ß‡´≈≈å
∑’Ë¡’ GM-CSF ·≈– IL-4 §«“¡‡¢â¡¢âπ 300 ·≈– 200 U/ml µ“¡≈”¥—∫ (c) °“√‡ª≈’Ë¬ß·ª≈ß¢Õß·Õπµ‘‡®π∫πº‘«‡´≈≈å
„π«—π∑’Ë 6 ‚¥¬∑”°“√¬âÕ¡ ·Õπµ‘‡®π™π‘¥ CD14 ·≈–°“√¬âÕ¡ CD11c √à«¡°—∫ HLA-DR ™÷Ëß‡ªìπ·Õπµ‘‡®π∑’Ë®”‡æ“–
°—∫ DCs

«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
°“√ √â“ß DCs „πÀ≈Õ¥∑¥≈Õß¡’ª√–‚¬™πåÕ¬à“ß¡“°

„π°“√∑’Ë®–»÷°…“°“√µÕ∫ πÕß∑“ß¥â“π¿Ÿ¡‘§ÿâ¡°—πµàÕ‡™◊ÈÕ
B. pseudomallei ·≈–‡™◊ÈÕÕ◊ËπÊ ‡π◊ËÕß®“°°“√·¬° DCs
®“°√à“ß°“¬ ‚¥¬µ√ßπ—Èπ∑”‰¥â¬“° ·≈–‰¥â‡´≈≈åÕÕ°¡“
„πª√‘¡“≥πâÕ¬ ¥—ßπ—Èπ®÷ß„™â MoDCs ∑¥·∑π‡æ◊ËÕ‡ªìπµâπ·∫∫
„π°“√»÷°…“°“√µÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π ·≈–°“√§—¥‡≈◊Õ°
·Õπµ‘‡®π¢Õß‡™◊ÈÕ B. pseudomallei ‡π◊ËÕß ®“° DCs
¡’§«“¡‰« Ÿß„π°“√∑’Ë®–„™â„π°“√»÷°…“·≈–§âπÀ“·Õπµ‘‡®π
‡æ◊ËÕª√–‚¬™πå„π°“√æ—≤π“«—§´’π (7)

®“°°“√»÷°…“¢Õß Healey ·≈–§≥– „πªï 2005 ‰¥â
∑”°“√ √â“ß MoDCs ®“°‡´≈≈å‰¢°√–¥Ÿ°¢ÕßÀπŸ∑¥≈Õß ·≈–
π”¡“°√–µÿâπ¥â«¬‡™◊ÈÕ B. pseudomallei (DCs-pulsed
B. pseudomallei) ®“°π—Èπ©’¥°√–µÿâπÀπŸ∑¥≈Õß‡ªìπ®”π«π
 Õß§√—Èß (prime-Boost immunizations) æ∫«à“À≈—ß®“°
∑”°“√©’¥ (challenge) ¥â«¬‡™◊ÈÕ B. pseudomallei ‡¢â“‰ªÀπŸ
¡’Õ—µ√“°“√√Õ¥™’«‘µ¡“°¢÷Èπ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ πÕ°®“°
π’ÈÀπŸ∑’Ë‰¥â√—∫°“√°√–µÿâπ¥â«¬ DCs-pulsed B. pseudomallei
¬—ß¡’°“√æ—≤π“¿Ÿ¡‘§ÿâ¡∑—Èß¥â“π “√πÈ” (humoral immunity) ·≈–
∑“ß¥â“π‡´≈≈å (cellular immunity) ‰¥â¥’°«à“ÀπŸ∑’Ë‰¡à‡§¬‰¥â
√—∫°“√°√–µÿâπ(8)
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¥—ßπ—Èπ°“√»÷°…“§√—Èßπ’È®÷ß‰¥â∑”°“√ √â“ß MoDCs ®“°
momocyte ¢ÕßÕ“ “ ¡—§√ ÿ¢¿“æ¥’ ‡æ◊ËÕπ”‰ª Ÿà°“√»÷°…“
°“√µÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—πµàÕ‡™◊ÈÕ B. pseudomallei ·≈–
‡æ◊ËÕª√–‚¬™πå„π°“√»÷°…“æ—≤π“«—§´’π ‚¥¬°“√ √â“ß DCs
®“°‡´≈≈å monocyte ¢Õß¡πÿ…¬å¿“¬„πÀ≈Õ¥∑¥≈Õß∑”‰¥â
‚¥¬°“√°√–µÿâπ monocyte ¥â«¬ GM-CSF ·≈– IL-4
∑’Ë§«“¡‡¢â¡¢âπ 300 ·≈– 200 U/ml µ“¡≈”¥—∫(3) ·≈–µ√«®
«—¥§«“¡‡ª≈’Ë¬π·ª≈ß¢Õß¢Õß‡´≈≈å¥â«¬°“√µ√«®ª√‘¡“≥
‚¡‡≈°ÿ≈∫πº‘«‡´≈≈å™π‘¥ CD11c √à«¡°—∫ HLA-DR ́ ÷Ëß®”‡æ“–°—∫
DCs æ∫«à“‡¡◊ËÕ‡≈’È¬ß‡´≈≈å monocyte §√∫ 6 «—π MoDCs
¡’ª√‘¡“≥‚¡‡≈°ÿ≈∫πº‘«‡´≈≈å™π‘¥ CD11c ·≈– HLA-DR
‡æ‘Ë¡¢÷Èπ „π¢≥–∑’Ë CD14 ́ ÷Ëß®”‡æ“–°—∫‡´≈≈å monocyte ≈¥≈ß
·≈–®“°º≈°“√»÷°…“°“√°√–µÿâπ MoDCs ¥â«¬‡™◊ÈÕµ“¬
(HkBps)  “¡“√∂æ—≤π“‰ª‡ªìπ mature DCs ‚¥¬ “¡“√∂
∂Ÿ°°√–µÿâπ„Àâ¡’°“√ √â“ß‰´‚µ‰§πå IL-6 ‰¥â ´÷Ëß Õ¥§≈âÕß°—∫
°“√»÷°…“∑’Ëºà“π¡“¢Õß Presicce ·≈–§≥–„πªï 2009 æ∫«à“
MoDCs ¡’°“√· ¥ßÕÕ°¢Õß‚¡‡≈°ÿ≈ HLD-DR, CD11c,
CD80 ·≈– CD86 ‡æ‘Ë¡¡“°¢÷Èπ ·≈–‡¡◊ËÕ∑”°“√°√–µÿâπ„Àâ
‡°‘¥°“√æ—≤π“‰ª‡ªìπ mature DCs  “¡“√∂∂Ÿ°°√–µÿâπ„Àâ √â“ß
proinflammatory cytokines ‰¥â·°à IL-6,  IL-12p70 ·≈–
TNF-α(9) πÕ°®“°π’È Bagheri ·≈–§≥–„πªï 2008 æ∫
«à“°“√°√–µÿâπ MoDCs ¥â«¬ PPD (purified protein
derivative)  “¡“√∂∑”„Àâ MoDCs æ—≤π“‰ª‡ªìπ mature DCs

·≈–¡’°“√· ¥ßÕÕ°¢Õß‚¡‡≈°ÿ≈ HLA-DR, CD80, CD83,
CD86 ·≈– CD40 ∫πº‘«‡´≈≈å‡æ‘Ë¡¢÷Èπ(10) ·≈– mature DCs
 “¡“√∂ √â“ß‰´‚µ‰§πå ´÷Ëß‰¥â·°à IL-6, IL-12, TNF-α ·≈–
IL-10(10, 11) ´÷Ëß°≈‰°„π°“√°√–µÿâπ°“√ √â“ß “¡“√∂‡°‘¥®“°
°“√∑’Ëµ—«‡™◊ÈÕ¡’‚¡‡≈°ÿ≈∑’Ë  “¡“√∂®—∫°—∫∑’Ë√—∫ (receptor) ∑’ËÕ¬Ÿà
∫πº‘«¢Õß DCs ·≈â«‡°‘¥°“√°√–µÿâπ ‡™àπ Toll like receptor
4 (TLR4) ´÷Ëß®– “¡“√∂®—∫‰¥â°—∫ LPS ¢Õß‡™◊ÈÕ·≈â«‡°‘¥°“√
°√–µÿâπ°“√ √â“ß IL-6 (12, 13) ·≈–πÕ°®“°π’È‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
ª√‘¡“≥¢Õß°“√ √â“ß IL-6 ∑’Ë°√–µÿâπ¥â«¬µ—«‡™◊ÈÕ®–¡’ª√‘¡“≥
¡“°°«à“°√–°√–µÿâπ¥â«¬ LPS À√◊Õ IL-12 √à«¡°—∫ IL-15
‡π◊ËÕß®“°‡™◊ÈÕ¡’ à«πª√–°Õ∫µà“ßÊÀ≈“¬ à«π ∑’Ë “¡“√∂®—∫·≈–
°√–µÿâπ„Àâ‡´≈≈å DCs  √â“ß‰´‚µ‰§πå‰¥â¡“°°«à“ µ—«Õ¬à“ß‡™àπ
LPS  “¡“√∂°√–µÿâπºà“π TLR4 À√◊Õ flagellin ‡°‘¥°“√
°√–µÿâπºà“π TLR5 ‡ªìπµâπ(12, 13)  à«π°“√°√–µÿâπ¢Õß IL-12
√à«¡°—∫ IL-15 π—Èπ®– “¡“√∂°√–µÿâπ DCs ºà“π cytokine
receptors ∑’ËÕ¬Ÿà∫πº‘«‡´≈≈å ·≈–‡°‘¥°“√ àß —≠≠“≥„Àâ¡’°“√
 √â“ß‰´‚µ‰§πå‡°‘¥¢÷Èπ(14,15)

°“√»÷°…“π’È‰¥â· ¥ß„Àâ‡ÀÁπ∂÷ß«‘∏’°“√ √â“ß DCs ´÷Ëß®–π”
‰ª Ÿà°“√æ—≤π“°“√»÷°…“°“√µÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—πµàÕ‡™◊ÈÕ
B. pseudomallei À√◊Õ‡™◊ÈÕÕ◊ËπÊ ´÷Ëß®–¡’ª√–‚¬™πå„π°“√
§—¥‡≈◊Õ°·Õπµ‘‡®π∑’Ë®–π”¡“„™â„π°“√µ√«®«‘π‘®©—¬À√◊Õæ—≤π“
«—§´’π‡æ◊ËÕ°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬µàÕ‰ª

√Ÿª∑’Ë 3 °“√ √â“ß “√ IL- 6 ¢Õß DCs ®“°°“√°√–µÿâπ¥â«¬µ—«‡™◊ÈÕ∑’Ë∂Ÿ°∑”„Àâµ“¬¥â«¬§«“¡√âÕπ (HkBps), Lipopolysaccharile (LPS)
·≈– IL-12+IL15 ‡ªìπ‡«≈“ 24 ·≈– 48 ™—Ë«‚¡ß ∑”°“√µ√«®«—¥‚¥¬«‘∏’ Sandwich ELISA (a) standard curve (b)
ª√‘¡“≥ IL-6
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°‘µµ‘°√√¡ª√–°“»
¡≥’√—µπå  ªîòπ»‘√‘ ‰¥â√—∫∑ÿπ π—∫ πÿπ°“√»÷°…“®“°

»Ÿπ¬å«‘®—¬·≈–æ—≤π“°“√µ√«®«‘π‘®©—¬∑“ßÀâÕßªØ‘∫—µ‘°“√
∑“ß°“√·æ∑¬å (»«ª.) §≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬
¢Õπ·°àπ ·≈–¥“√“«√√≥  √‘π™—¬ ‰¥â√—∫∑ÿπ π—∫ πÿπ®“°‚§√ß
°“√°“≠®π“¿‘‡…°  Ì“π—°ß“π°Õß∑ÿπ π—∫ πÿπ°“√«‘®—¬ ( °«.)
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