Hé thong "GPS" trong ndo bd
va giai Nobel Y hoc 2014

Bac si H6 Van Hién

Trong vong hon mét chuc ndm nay, cang ngay ching ta cang quen thudc véi GPS. GPS viét
tac cla “Global Positioning System”: hé théng dinh vi toan cau, do 4 hoac nhiéu hon vé tinh
clia My cung cdp. May “navigation system” (may chi dwdng) trong xe dung hé théng dinh vi
cho chung ta biét ching ta dang & dau trén qua dia cau va lién hé v&i ban dd &o chira trong
bd nhé clia nd, cho chung ta biét ching ta dang & trén dwdng nao, nga tw da qua tén gi, nga
tw sap tdi tén 1 gi va chung ta dang di chuyén véi tdc do bao nhiéu km hay mile mét gio. Tt
ca nhirng dir kién do can ct trén tinh toan tir div kién cla cac vé tinh cta hé thdng GPS, cho
chung ta biét "chd" (place) la toa dd (coordinates) cla chung ta, dung mét "lwéi"(grid) kinh
tuyén (doc, longitude) va vi tuyén (ngang, latitude) ap dung cho hét qua dat.

Puoc hwdng nhirng tién nghi méi mé nhw vay, chang bao lau ching ta da tré thanh 1& thudc
nang né vao cac dung cu rat phirc tap lubn mang theo bén minh. Nguoi tré hién nay cé thé
quen héi google hay Apple dwdng di 16i v& dén mirc ma ho khéng con cé thé tw dinh hwéng
trén dwdng tr chd lam viéc vé nha, hay doc mét ban doé in trén gidy dé tw tim phwong huwéng.
Tuy nhién, ching ta biét nhirng con chim c6 thé bay vé qué cii xa hang ngan d&m, hay nhirng
con rua cé thé tim dwdng boi chinh xac dén mot dao nao d6 ma doi nay qua doi khac chung
dén dé triong. Nguwdi Polynesian, khéng it thi nhiéu ba con véi ching ta (nhéat 1a nguwdi Cham,
cung thuéc gia dinh ngbn nglr Austronesian) , cling ttrng hang ngan nam nay ngang doc trén
bién Thai binh dwong ménh méng, ma khéng can dia ban, sextant do do, hay ban dé, chi
can "tréng trdvi, trong dat, trong may, tréng mwa tréng gié" trén con thuyén nhd bé ciia minh.
Nam 1637, nha toan hoc va triét gia nguwdi Phap René Descartes phat minh ra hé théng toa
do, dinh vi mot diém nao d6 bang 2 con sé6 biéu hién khoang cach gitra dém doé véi 2 truc do
ngang va doc (Cartesian coordinate system). Két hop hinh hoc Euclid véi dai s (algebra), hé
thdng nay sé la co s& cla nhiéu phat trién trong thién van hoc, vat ly va céng nghé. Ciing tir
do, chung ta dinh vi mdt cach khach quan mét "chd" nao dé trén ban dd, ciing nhu trong khéng
gian.

Hai tram ndm trudc, triét gia Dirc Kant (1724-1848) da nghi rang chung ta ¢6 nhirng kha nang
tri 6¢ thién phi ma khéng can hoc hay trai nghiém, ching ta ciing cé thé thwc hién dwoc. Mot
trong nhirtng kha nang dé la nhan thirc vé “chd” (place), theo d6 ching ta (hay céac loai khac)
nhan thirc hay “t6 chirc’(organize) thé gidi bén ngoai, dwng thuc té theo moét thi tw nao dd
trong tam tri ching ta. Mét tam ly gia ngudi My, Edward Tolman (1948) ciing dwa gia thuyét
rang con thu cé kha nang lién hé cac chd (dia diém) véi cac hién twong (v thirc dwoc chuyén
nao d6 xay ra & dau), va do dé trong 6c clia ching, cé mdt "ban dd" gitp chung dinh phuong
hwéng di chuyén, va tim ra 16 trinh tét nhat dé di qua méi trudng dé. (cognitive map).



Hinh 1: Tién si John M. O'Keefe; TS Edvard I. Moser va TS May-Britt Moser

Nam 2014, giai thwéng Nobel vé y khoa hay sinh Iy hoc vé tay mét ngudi Anh Tién si John M.
O'Keefe (sinh 1939, New York, My) va hai vo chdng "tré" Tién si May-Britt Moser (sinh 1963)
va TS Edvard I. Moser (sinh 1961) ngwdi Na Uy. Céng trinh ctia ba ngudi nay, bat dau voi
O'Keefe tir thap nién 1960, gitp ching ta hiéu hon vé mét hé théng dinh vi gdm nhirng té bao
than kinh trong no bd cua loai vat cling nhw cua loai nguoi. Pay |1a nhirvng kién thirc méi mé
cho chiing ta hiéu 14 sao ma bd 6c cho chung ta biét ching ta dang & dau (y thtrc vé chd, "a
sense of place") va dinh hwéng trong luc di chuyén (navigation).

Nhirng khao ctru trén chudt phong thi nghiém chirng minh s hién hiru trong ndo bd cltia nhirng
té bao chuyén trach vé y thirc vé chd, goi la nhirng “té bao chd” (place cells), va nhirng té bao
phu trach vé “lwéi” nhw 1a mot hé quy chiéu (cho biét toa d9, coordinates), dwoc goi 1a “té bao
lwdi" (grid cells). Pdng thoi hé thdng than kinh nay ciing ddi chiéu véi nhivng div kién dinh vi
hién tai (current spatial location) vé&i nhirng ban d6 ghi nhan trwdc day, hodc nhirng noi khac dé
tao nén mot y thirc vé thdi gian va phwong huéng (noi vira qua, noi sap t6i) twong tw nhw may
navigation cla chung ta déi chiéu di kién nhan tlr vé tinh (GPS receiver) v&i ban dd do trong
bd nhé dé hwdng dan dwéng chung ta di.

O'Keefe chuyén vé khoa tam ly sinh ly, xuét than tlr Pai hoc McGill (Canada), sau dé lam viéc
tai University College, London, kh&i sy nghién ctu vé hanh vi (behavior) cac thi vat tir thap
nién 1960's. Luc d6, nguoi ta bat dau thwc hién dwoc nhivng phwong phap thu ghi nhirng
dong dién phat xuét tr nhirng té bao don 1& trong ndo bd cia con vat. O'Keefe 1a nguoi tién
phong thu dong dién té bao nay trong lic van dé cho con tha vat sinh hoat tw nhién, khéng bi
gd bd, cho nén dng mai quan sat dwoc nhivng khu vwe nhé nam trong méi trwéng sinh hoat,
& nhirng chd d6 con vat co6 thé tw dinh vi. O’Keefe cling nghién ctru hoat ddng clia cac té bao
phu trach "ché" (place), ma 6ng goi 1a t& bao ché (place cells); nhirng té bao nay dwoc kich
hoat ("fire"=phat ra dong dién) lic con chudt dén nhirng dia diém dic biét d6. Luc ghi cac dong
dién tir cac con chudt, tir cac té bao vung phia trén lwng (vang CA1) clia mét bd phan clia néo
bd tén goi la hippocampus (do ¢6 hinh dang giéng con ca ngwa), 6ng ghi nhan mét hién twong
bat ngdr. Nhirng "té bao chd" nay tré thanh hoat dong ltc ma con vat chiém mét vi tri (dia diém)
nhat dinh ndo dé trong méi trwéng sinh hoat cla nd, dng dat tén nhirng dia diém nay la "san
chd", nhirng "san" noi d6 té bao 6¢ con vat nhan ra la mot "ché" dén (place field). Tha con
chudt cho né sinh hoat, chay lui t&i trong mét méi trwong nao dd, cé thé co nhiéu place field,



ma ciing cé thé chi c6 mét place field ma thdi (xem hinh 3).

Ong con chirng minh rang hoat déng cla cac "té bao chd" nay khoéng chi 1a két qua cuta hoat
doéng cuia cac té bao phu trach cdm giac (sensory neurons; vi du do chudt thay gi hay ngi mui
gi d&c biét & tai d6), ma né con 1a biéu hiéu ctia moét mé hinh phirc tap, hay mét giac quan tong
hop phirc tap vé méi trwéng d6 trong ndo bd con thi vat (gestalt of the environment). Theo
O'Keefe, nhirng "té bao chd" (place cells) khac nhau dwoc kich hoat & nhitng noi khac nhau
tao nén mot ban dd than kinh néi tai (internal neural map) vé mét méi trudng ca biét nao dé.
Nhirng ban d6 nhuw vay, dwoc tao ra béi nhirng "té bao chd" khac nhau, nhirng thdi diém khac
nhau, nhiéu méi trwérng khac nhau, dwoc ton trir trong hippocampus, va tao nén mét "hé théng
ban d6 dbi chiéu trong khéng gian" (spatial reference map system), va cho con vat "biét" vi
tri, biét chd cla nd, co thé so sanh véi hé thdng ban dd ao dwoc chira trong may dinh vi ding
trong xe chiing ta gilp chung ta biét chung ta dang & dau, viing nao.

Hai vo' chong Moser tré tudi hon va bat dau nghién ctru tlr nhirng ndm cla thap nién 1980. Ho
bat diu & Oslo, va sau dé lam viéc tai cac phong thi nghiém bén Anh, ¢é lic 1am viéc tai phong
thi nghiém ctia O'Keefe & London, nghién ctru vé hippocampus. Luc d6 nguoi ta thueng cho
rang sw hinh thanh cla cac “té bao chd” |a mét hién twong xuat phat tw trong hippocampus. Hai
vo chéng Moser la nguoi dat gia thuyét ching co thé xuét phat tr mot noi ngoai hippocampus.
Ho dé y dén mot bd phan nhd cia bd ndo tén la entorhinal cortex (ento=phia trong, rhino=md{i,
day chi phan vé ndo phu trach khiru giac), ndm sat bén hippocampus, ma nguwdi ta luc dé da
biét rang mot sb Ién tin hiéu tlr entorhinal cortex di vao hippocampus.Ttr d6 vor chong Moser
kham pha ra mét loai té bao c6 nhirtng hoat déng chwa bao gid dwgc quan sat, & phia trong
(medial aspect) cua entorhinal cortex.

Hippocampus



Hinh 2: HIPPOCAMPUS. Hinh bdé phan Hippocampus (v&i fornix) va hinh con ca ngwa that. B phan nay
clia ndo bd, dworc dit tén nhw thé vi hinh dang né lam cac nha giai phau nhé dén con ca ngwa, chira cac té
bao "chd" cta hé théng dinh vi cta chiing ta. (Photo by Professor Laszlo Seress/Wikipedia)
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Hinh 3: PLACE FIELDS

Phan trén: Luc chudt chay dwong thang, méi "té bao chd" trong hippocampus dwoc kich hoat (phat nhiéu tin
hiéu dién) khi chuét di qua mét "san" (place field) nao d6, va ngwng phat tin hiéu luc di qua khéi diém dé.
Phan dwéi: Nhin tir trén xudng: nhirng viing mau dé va vang la nhirng noi té bao ché ctia chuét dwoc kich
hoat ltic chudt dén nhirng 6 nay. Nhibng 6 nay dworc goi 1a "place fields" ("san ché"). & nhirng ving mau
xanh, " té bao ché" ctiia chudt khong hoat dong. Trong méi trwdng nay, chi 30% cac té bao ché cé dau hiéu
dwoc kich hoat lac chuét chay qua lai.



(Hinh cua Nature Review)
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Hinh 4: ENTORHINAL CORTEX. Phia trong ctia ban ciu nao bén phai.

Entorhinal cortex (phia dwéi), thudc vé thuy thai dwong (temporal lobe), c6 vai trd quan trong va la mét
cai "trung tam diém" (hub) trong mang Iwéi phu trach tri nhé va dinh hwéng (memory and navigation). Nam
gan hippocampus (hai ma), entorhinal cortex la giao dién (interface) chinh giira hippocampus va tan vé nao
(neocortex). Cac té bao Iwéi (grid cells) do hai vor chéng Moser tim ra ndm trong entorhinal cortex cia nio
con chuét.

Cac cau truc hippocampus-entorhinal cortex twong déi I&n trong ndo bé ngwdi, déng vai tro trong viéc hoc
tap vé moéi trwérng 3 chidu cua khéng gian (spatial learning) va tri nhé loai tw truyén (episodic memory, "ky
niém cua tirng doan ngan").

(Hinh ctia Brainmind.com)

Moser tha con chudt vao mét trong mét cai san rong hon so véi cac khdo clru trwdc d6. Mot
dién cuc (electrode) dwoc cdm vao té bao cla entorhinal cortex dé theo ddi va cho moét két qua
dang ngac nhién. Loai t& bao nay dwoc kich dong (phat ra dong dién) khi con chudt dén nhirng
dia diém khac nhau trén san choi; nhirng dia diém nay khéng phai dwgc chon mét cach ngau
nhién (tuy hirng), ma theo thir tw twong tw nhw dd hinh mét td ong: mdt mang lwéi luc giac déu
dan, tir trung tdm cha hinh luc giac dén cac dinh c6 khodng cach bang nhau. Céac té bao nay cé
kha ndng "do" va dinh hwdng méi trwdng cia con chudt luc né di chuyén, va chia mai trwéong
dé thanh nhivng hinh luc giac ndi két véi nhau nhw mét mang 6 cla cai lwdi (grid), do d6 tac gia
dat tén chang 1a "grid cells", tam dich 13 “té bao lwéi’.



Grid cell

Hinh 5: GRID CELLS Cac té bao lwéi (grid cells) cua entorhinal cortex kich hoat méi 1an con chuét dén mét
trong nhitng diém (spot mau xanh) thu xép theo hinh luc giac trong viing hoat ddong ctia chuét. Cac dwong
cong la dwong chuét di chuyén mét cach ngau hirng.

(Source: Student Science)

Khoang cach nay dai ngan thay di theo vj tri ctia t& bao lwéi trén entorhinal cortex, cac té bao
nam phia phan bung cGa bd phan nay kich hoat & nhitng diém cach nhau xa hon (canh cta
hinh luc giac I&n hon). Nhitng tap hop té bao hoat ddng nhw nhitng don vi "module" v&i kha
nang hinh thanh nhirng 6 lwéi to nhé khac nhau, tlr vai cm cho t&i vai mét. Cac module nay
cho phép con chuét dinh vi (positioning) trong nhirng méi trwdng I&n nhd, rdng hep khac nhau.
Cac nhom té bao cung chung mét ché kich hoat theo khodng cach (spacing) va phuong huéng
(orientation of the grid) gidbng nhau, nhwng khac phase. Ciing nhu "té bao chd", sy kich hoat
té bao & nhirng dia diém dé tao nén mot mang lwdi nay khong phai 1a két qué don gian tr mot
tin hiéu cam giac hay van déng (sensory or motor signals), ma do mét hoat déng phtrc tap cua
mot hé théng mang (complex network activity). Té bao lwéi dwoc gan lién véi hé thdng mang
nay phdi hop cling véi nhirng té bao phu trach phwong hwéng dau con vat (head direction cell,
nhirng té bao nay hoat déng twa nhw nhirng kim chi nam; Iic con vat hwéng vé mét phia nao
dé thi cac té bao nay dwoc kich hoat). Ngoai ra con cac té bao bién gidi (border cell) dwoc kich
hoa lic con vat dén cac vach twong bao quanh méi trwéng clia né. Hai vo chéng Moser chirng
minh 1a 3 loai t& bao nay g&i tin hiéu vé cho cac té bao ché (place cells) trong bd phan hinh ca
ngwa (hippocampus) va hai b phan nay twong tac véi nhau.
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Hinh 5, bén trai: Hinh chudng hinh tron cho con chudt tir trén nhin xudng; cac chAm dam mau phan anh dia
diém ( san chd, place field) & d6 mét té bao ché (place cell) trong hippocampus dwoc kich hoat nhiéu nhéat
lic dau con chudt nam & dé. Cac diém vang la nhirng ché té bao chd khong kich hoat ( diém xam nhat trén
hinh den tréng).

Bén phai: Chudng vat thi nghiém hinh vuédng 4 feet x 5 feet, trén nhin xuéng. Nhirng diém dam la noi ma lac
con chuét dén do, té bao lwéi (grid cell) cua né dwoc kich hoat.

Firing rate maps of a place cell (left) and grid cell (right). Maps correspond to an overhead view of the
chambers. Dark pixels represent high average firing rate; yellow pixels are 0 spike/sec firing rates. Cylinder 3
ft diameter; rectangle 4ft x 5 ft. Grid Cell data courtesy of EunHye Park.

location in
humans

(http://blog.brainfacts.org/2013/08/human-grid-cells/

#.VD7WIfldWSo)

Hinh 6: Hipp=Hippocampus, hinh con ca ngwa, la noi chira cac té bao ché (place cells).

MEC: Medial Entorhinal Cortex (phan phia trong cta Entorhinal Cortex) 1a noi Moser tim ra cac té bao lwéi
(grid cell). Hai b phan nay cua ndo bd cong tac v&i nhau dé sinh vat biét minh & dau trong khéng gian va
th&i gian.


http://blog.brainfacts.org/2013/08/human-grid-cells/#.VD7WlfldWSo
http://blog.brainfacts.org/2013/08/human-grid-cells/#.VD7WlfldWSo

Su kham pha céac té bao dac biét nay 1a mét buwdc dot pha giup ching ta hiéu thém va nghién
ctru thém vé cach lam thé nao ma bo 6c "hiéu, biét" dwoc khdng gian chung quanh (spatial
cognitive functions).

Nhiéu binh nhan Alzheimer mét phuwong hwéng, mat tri nhé dai han vé khéng gian (spatial
memory: minh & dau ltc moét ky niém nao dé xay ra, vi du lic ddm cwdi may chuc nam truéc),
tri nh& ngén han (vi du minh dang ding trwdc clra phong ngudi ban, nhwng minh méi di vao
cbng chinh nao ctia chung cw, minh 1&n bang thang may nao). Hy vong nhitng kham pha méi
nay, vai trd cla “t& bao chd”, “t& bao ludi”, “té bao hwdng dau”, “té bao bién gi¢i” sé giup ching
ta giai quyét nhirng van dé quan trong nay.

Bac si Ho Vin Hién
(Hien V. Ho, MD)
Ngay 31 thang 10 nam 2014
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