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U'NG DUNG HIEU U'NG ALLEE
TRONG XAY DU'NG LIEU PHAP PIEU TRI UNG THU

Hoang Mai Huong!, Bui Thi Hong Nhung?, Lé Minh Pat3

TOM TAT

Hiéu Lrng Allee md ta mét kich ban trong do cac
quan thé & s6 lugng thap bi anh erdng bdi mGi quan
hé thuan chiéu gilra ty 1€ tang trudng va mat do dan
s6, diéu nay lam tang kha ndng tuyét ching cua
chung Tam quan trong cla qua trlnh nay trong smh
thai hoc da bi danh g|a thap va Ccac bang cerng gan
day cho thay réng no c6 thé cé tac dong dén dong
thai dan sO cla nhiéu Ioa| dong thuc vat. Cac nghién
cu‘u ve cd ché nhan qua tao ra hiéu (ng Allee trong
cac quan the co thé cung cap chia khoa dé hiéu dong
luc hoc cua quan thé. Hién nay, hau hét cac mo hinh
ung thu déu gia dinh rang quan the t& bao kh0| u, o}
mat do thap, phat trién theo cap so nhan de cudi cung
bi gidi han bdi s6 lugng tai nguyén san c6 nhu khong
gian va chat dinh duBng. Tuy nhién, dir liéu tién Iam
sang va lam sang gan day vé sy’ khdi phat hodc tai phat
cua ung thu' cho thay sy hién dién cua dong luc cua
quan thé, trong dé toc do phat trién ting 1én theo s6
lugng té bao Hle_u ng nhu' vay tucng tu nhu hanh vi
hap tac trong mot hé sinh thai dugc mo ta bang hiéu
Ung Allee. Trong bai bdo nay, chung t6i m6 hinh hda
hiéu Lrng Allee d6i véi su’ phat trién clia ung thu thdng
qua cac ddc tinh cua mo hinh dong luc hoc d&€ nghlen
ctu su’ phat tr|en clia quan thé cac t& bao ung thu tr
d Iua chon céc liéu phap diéu tri thich hgp hon.

T khoéa: hiéu (ng Allee, toc dd tidng trudng,
phuang trinh vi phan.

SUMMARY

APPLICATION OF ALLEE EFFECT IN

CANCER TREATMENT
The Allee effect describes a scenario in which
populations at low numbers are influenced by a
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positive relationship between growth rate and
population density, which increases their likelihood of
extinction. The importance of this process in ecology
has been underestimated, and recent evidence
suggests that it may have an impact on the population
dynamics of many plant and animal species. Studies of
the causal mechanisms that produce the Allee effect in
populations may provide the key to understanding
population dynamics. Currently, most cancer models
assume that tumor cell populations, at low densities,
grow exponentially to eventually be limited by the
number of available resources such as space and
substance. nutrition. However, recent preclinical and
clinical data on the onset or recurrence of cancer
suggest the presence of population dynamics, in which
the growth rate increases with cell number. Such an
effect is similar to the cooperative behavior in an
ecosystem described by the Allee effect. In this paper,
we model the Allee effect on cancer growth through
the properties of the dynamical model to study the
growth of the population of cancer cells from which to
select. more appropriate therapies.

Keywords: Allee effect, growth rate, differential
equation.

I. DAT VAN PE

Hiéu &'ng Allee dudc phat biéu 1a t8c dd téng
kich thudc ciia mot quan thé ti 1é véi s6 lugng ca
thé cla clia quan thé dd. Noi cach khac, nhitng
con cai sé sinh nhiéu han khi mat do dan s6 cao
hon. Hiéu (ng nay dugc dat tén theo tén cua
nha dong vat hoc nguGi My Walter Clyde Allee.
Hiéu ('ng nay da thay déi nhitng suy nghi thong
thudng vé su gia tang kich thudc quén thé theo
sinh hoc thdng thudng. Tai thdi dlem cudc
nghlen cttu dién ra, moi ngudi van tin r&ng mot
loai s& phat trién thinh vugng hon tai mot mirc
dan s6 thdp hon, vi nguon thirc an khi dy sé trg
nén dodi dao han. Tuy nhién, Allee da chifng minh
rang khi dan s6 giam sé khién kha nang bao vé
bay dan cling theo d6 ma giam. Tuc la, mot
nhém cang dong thi sé cang phat trién nhanh, &
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mot giai doan nao do.

Allee quan sat thdy rang nhiéu loai dong vat
va thuc vat bi giam ty € gia tang binh quan dau
ngudi khi quan thé clia chling dat kich thudc nho
hoac mat do thap. Trong nhitng diéu kién nhu
vay, t6c dd gia tdng cd thé dat dén gid tri khdng,
hodc tham chi am, do gidam kha nang sinh san
va/hodc kha néng sbng sét khi cac ca thé cu thé
khong du nhiéu: "dudi su dong duc, cling nhu
qua tai, cd thé han ché". Mét trong nhitng cdng
tac vién cua Allee, E.P. Odum, lan dau tién goi
qua trinh nay 1a Nguyén tac Allee, nhung bay gis
no6 thudng dugc goi la hiéu Ung Allee.

Quan diém cho rng ung thu la mdt qua trinh
ti€n hoa, dugc thic day bai cac dot bién va chon
loc ngau nhién ctia nhitng ban sao phu hgp nhat,
da trd nén pho bién. Qua thuc la dot bién ngau
nhién la ngudn gbc clia sy da dang di truyén cla
quan thé vo tinh cd lién quan nhiéu dén giai
thich su’ xuat hién cla cac loai ung thu khang lai
cac liéu phap diéu tri. Mt khac, su phat trién
clia khdi u phu thudc vao cach chiing cd thé tiép
can cac nguodn tai nguyén mot cach hiéu qua,
ching phat trién cac cd ché ngan chdn sy phat
hién va loai bo bgi hé thong mien dich [1]. Tién
thém moét budc nita, ngudi ta cd thé ndi réng
ung thu la mot hé sinh thai [2, 3] dugc hinh
thanh bdi cac quan thé cung ton tai, dugc nhing
trong mdi trudng bao gébm té€ bao binh thudng va
t€ bao mien dich [4].

Su da dang cua cac loai trong quan thé ung
thu co lién quan ro rang dén viéc thiét ké cac liéu
phap diéu tri vi tinh khéng dong nhat la mét yéu
t6 chinh dan dén tinh trang khang thubc ung thu,
mac du mdt liéu phap cd thé tiéu diét mot loai
ung thu, mdt hodc nhiéu bién thé cla quan thé
khoi u ton tai co kha ndng khang, thic day su tr0|
day ctia bénh khé diéu tri. Quan sat ndy da dan
dén y tudng cla liéu phap két hgp, trong dé cac
tac nhan vdi cac hoat dong khac nhau dugc két
hgp lam téng kha nang hiép dong tac dung chéng
khdi u. Mét cach ti€p can triét d€ hon cho rang
khdng thé loai bd t&t ca cac loai ung thu' nén thich
hgp hon 1a dua ra cac liéu phap dé gitlt s6 lugng
t& bao ung thu duGi su kiém soat: day dudc goi la
li€u phép thich tng [5, 6, 7]. Pac biét, mot s6
dong gop co thé dugc tim thay trong khung cla
dobng luc quan thé: trong sO nhiing ngu’d| khac vé
tuong tac mién dich cta khdi u, mot s6 quan thé
dugc xem xét trong [8, 9] va dong luc khong
gian-thdi gian trong [10].

Trong hau hét cac md hinh, ngudi ta cho rdng
ung thu phat trién bang cach ting sinh tu’ dong
clia t& bao, dugc biéu hién dudi dang su’ gia ting

s6 lugng té€ bao ban dau theo cdp s6 nhan [3].
Tuy nhién, ngay cang nhiéu nghién cfu cho thay
rang, trong mdt s trudng hop, su’ phét trién ung
thu & mat dd thap khac vdi su phat trién theo
cdp s6 nhan va déng hoc clia quan thé t& bao
dugc mo ta t6t nhat bdng cach xem xét cac mo
hinh quy trinh lién quan dén hiéu ng Allee, mot
hién tugng sinh hoc dugc dac trung bdi mot moi
tugng quan thuan giira kich thudc hodac mat do
quan thé va thé trang trung binh cua ting ca thé
ctia mdt quan thé hodc loai.

D3c biét, ¢ thé xay ra hai loai hiéu (ng Allee:
yéu hoac manh. Trong hiéu Ung yéu, ty |é toc do
tang trudng tang theo mat dé dan s6 va luobn &
mUc dugng; hiéu ing manh dugc dac trung bdi
mot ngudng ma dudi ngudng dé dan s6 giam
cho dén khi dat dén murc tuyét ching [7].

1. MO HINH PONG HOC CUA QUAN THE TE
BAO UNG THU

Phan nay sé& nghién cltu trudng hgp cia mot
loai hoac nhan ban ung thu don 1é, chi ra su
khac biét gilta cac phudng trinh tdng trudng
thong thudng va cac phuaong trinh két hgp hiéu
Ung Allee (yéu va manh).

Goi N s lugng nguyén t6 trong quan thé
(trong truGng hgp cla ching ta la t€ bao ung
thu’), Md hinh déng hoc cla quén thé t& bao ung
thu dugc viét nhu sau:

A +cC
N +c (1)

dl:r 1_& l_
Ndt K

trong d6 Y la t6c do tdi tao va K tudng Uing
vGi kha ndng chira khdi u clia co thé, tic la gia
tri I6n nh&t ma A co thé nhan. Tham s6 A la mét
ngudng: A >0 tudng Ung vd@i hiéu ng Allee
manh trong khi d6 A < 0 tuong Ung vGi hiéu
Ung Allee yéu. Tham s6 C do ludng s6 lugng
hdp tdc ma mot quan thé can dé phat trién. V&
trdi la téc d6 tang trudng cua t€ bao ung thu.
Dudi day la do thi mo ta téc do tang trudng
theo s6 lugng cla quan thé.
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Hinh 1. Téc dé tang truong cua té bao ung
thu duoc cho boi phuong trinh (1)
Dinh ly. Nghiém cla phudng trinh (1) thda
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man phuang trinh tich phan sau day:
In(K=N) In(N-A) |nN rt
— = +InN,
K(K-A) A(K-A) AK Kc
Trong dé Apla sb lugng t€ bao ung thu ban dau.
Chirng minh:Phugdng trinh(1) tudng duang vdi:

(N +c)an rdt
N(K-N)(N-A}) K
- 1 N 1 1 _rdt
K(K-A)(K=-N) A(K-A)(N-A) AKN Kc
Lay tich phan 2 vé ta dugc:
In(K =N In(N —A InN rt
K((K —A)) A((K —A))_AK :EHnNO(Z)

binh ly da dugc chirng minh.

IIl. NG DUNG

TU c6ng thirc nghiém (2) ta thay néu My > A
(V6i A duodng, tuong U'ng vdi hiéu (ng Allee
manh) thi &/ sé tién dan tdi K nhanh hay chdm
tuy theo toc do tai tao Y. Con néu Ap < A thi
tOc do tang trudng t€ bao ung thu sé am do:

N _ [ N A
Ndt K N +c

vi vay sO lugng t€ bao sé co xu hudng tién
dan v& 0. Néu A nhd hon hay bang 0 (tuong
(fng vGi hiéu Ung Allee yéu) thi /' s€ lubn tién
dan t6i K khi ttang. Hinh dudgi day cho biét néu
hiéu ing Allee la yéu thi sau khi diéu tri dua so
lugng t€ bao ung thu xuéng dudi miric ban dau
nhung sau d6 néu khong diéu tri nita thi s6
lugng t& bao ung thu s& nhanh chéng phét trién
tién téi K (tI vong).

S8 luvgng té bao ung th sau didu trj
K=3.10° c=0.3K A=0,r=0.1,g=0.12,N;=5,1.10¢

Hinh 2. S5 luong té€ bao trudc va sau khi diéu tri
trong truong hop hiéu ung Allee yéu
Trong Hinh 2, bénh nhan bat dau dugc diéu
tri tUr ngay thar 71, két thdc vao ngay tha 88. Tu
ngay th 89 khong diéu tri nifa, ta thay s6 lugng
t&€ bao téng nhanh chéng va bénh nhan c6 thé tr
vong 3-4 thang sau do.
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sé lwgng té bao ung thuw
K=3.109 ¢=0.001K,A=0,r=0.1,Ny=10%

\\\\\\

Hinh 3. S6 luong té bao ung thu sé nhanh
chong dat ngudng K trong vong 100 ngady
néu C = 0,001K va hiéu trng Allee yéu.

Sé Irong té bao ung thu sau diéu tri

K=3.10° ¢=0.001K,A=0,r=0.1,g=0.15,N,=108
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Hinh 4. S5 luong té bao ung thu' sé€ giam nhanh
chong sau khi gan dat nguéng K trong vong 100
ngay néu c=0,001K, hiéu ung Allee yéu va bat
dau diéu tri tor ngay thar 101 voi téc do tiéu diét
té bao ung thu' la g=0,15.

Véi t6c dd diéu tri d€ diét té bao g=0,15>0,1
la tGc do tai tao thi sau khoang han 200 ngay s6
lugng t€ bao trd vé gan 0.

S6 Iwong té bao ung thu sau diéu tri

K=3.10° ¢=0.1K A=0,r=0.1,g=0.15,N,=108
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Hinh 5, S5 luong té bao ung thu dat nguéng K
trong vong 200 ngay néu c=0,1K va hiéu ung
Allee yéu diéu tri lién tuc tur ngay tha 201 vdi téc
do tiéu diét t€ bao ung thu g=0,15.

Hinh 5 cho thdy, véi c=0,1K s lugng té bao
ung thu tdng cham han va diéu tri chi dua dugc
s& lugng t& bao vé ban dau, khdng thé dua vé 0.
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S6 lwong té bao ung thw
K=3.10° ¢=0.1K, A=108, r=0.1, Ny=9.10"

100000000
90000000
80000000
70000000
60000000
50000000
40000000
30000000
20000000
10000000

0
o 100 200 300 400 500 600

Hinh 6. S6 luong té bao ung thu' giam dan
vé 0 néu c=0,1K va hiéu irng Allee manh

_108 _ 7
vé‘iA_lo >N, =9.10

Hinh 6 cho thay néu so lugng té€ bao ung thu
ban dau nho han A - tham s0 trong hiéu (ng
Allee manh thi s6 lugng té bao sé gidm dan vé 0
ma khéng can diéu tri. T dé cho ta liéu phap
diéu tri trong trudng hgp A < No.

S6 lwong t bao ung thu sau diéu tri
K=3.10° c=0.3K A=5.108 r=0.1,g=0.12,Ny=5,1.10¢

Hinh 7. D6 thi biéu thi sé luong té bao ung
thu vdi 3 giai doan: phat trién tu nhién,
diéu tri va ngurng diéu tri,

Trong hinh 7, ta xét mo hinh quan thé t& bao
ung thu chiu tac dong cda hiéu &ng Allee manh
vGi tham sG A = 5.10%, s6 lugng t€ bao ung thu
ban dau la M = 5,1.10° > A. Giai doan dau té
bao ung thu phat trién tu nhién dén ngay thl
163 khi dat hon 2.10° t€ bao ung thu thi bat
dau diéu tri dén ngay th{r 175 cho s6 lugng té
bao ung thu nhé hon A thi diing diéu tri va dé
khéi u phat trién tu nhién. Ta thdy s6 lugng t&
bao gidm dan vé 0 do tdc dong cla hiéu Ung
Allee manh.

IV. KET LUAN i

Két qua cla cong viéc hién tai ho trg ro rang
cho y tudng rang su’ xuat hién cda hiéu ng Allee
anh hudng khi ung thu khai phat khdng chi dé
hiéu rd hon v& dong luc cla bénh ung thu ma
con d€ lya chon liéu phap thich hgp nhat. Khi cé

mét hiéu (ng Allee, s dung liéu t6i da c6 thé
dung nap dugdc dé day so lugng té€ bao khoi u
xudng dudi ngudng do dé dam bao tiéu diét tan
g6c. Trong truGng hop tac dung yéu, khdi u nhat
thiét sé phat trién trd lai sau khi ngirng diéu tri
do vay can phai diéu tri trong mét khoang thdi
thai gian dai dé duy tri s6 lugng t€ bao ung thu
tuang doi thap.

Do d6, van dé la can tim ra cac phuong tién
thich hgp dé xac dinh viéc liéu mét loai ung thu
nhat dinh bi anh hudng bdi hiéu (rng Allee manh
hay yéu. Ngoai ra, bang cac thir nghiém lam
sang cac nha y hoc can xac dinh dugc ngudng A
cla hiéu Ung Allee manh. D¢ la van dé khéng dé
trong xét nghiém lam sang doi véi bénh nhan
ung thu hién nay. BGi véi hiéu iing Allee yéu thi
viéc diéu tri phai ti€n hanh lién tuc véi cudng do
I6n hon téc d6 téng sinh té€ bao ung thu, d6i vai
hiéu (ng Allee manh thi chi can diéu tri dé s6
lugng t€ bao ung thu vé dudi nguBng A cla hiéu
ing, sau dd s6 lugng t€ bao s€ tu dong giam
dan vé 0.
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