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Abstract

Milk protein, alpha-lactaloumin, is one of the proteins that many researchers have done a lot of
research on its structure and function. In the late nineties, a completely different activity of a-LA
was discovered. When a-LA is present in a conformation that has been partially unfolded, it can
form a complex with oleic acid (OA), which specifically has an anti-cancer activity. The complex
between human a-LA and OA has been called HAMLET (Human Alpha-lactaloumin Made LEthal
to Tumor cells). The cell death mechanism by HAMLET has not yet been determined. However, it
has been shown that HAMLET interacts with various cellular organelles including nuclei,
lysosomes, mitochondria, proteases, and ribosomes. Apoptosis, autophagy, and disorders in the
structure of chromatin are three different cytotoxic pathways activated in response to HAMLET. In
this study, a summary of the structure, antitumor mechanisms, and clinical applications of this
complex will be presented.

Keywords: HAMLET, Cancer, Oleic acid, Alpha lactaloumin, Apoptosis

Sadra Med Sci J 2019; 7(4): 433-444.
Received: Dec. 18th, 2018
Accepted: Oct. 12th, 2019

*Corresponding Author: Mokaram P. PhD of Clinical Biochemistry, Department of Biochemistry, Shiraz University of Medical
Sciences, Shiraz, Iran, mokaram2@gmail.com

smsj.sums.ac.ir


https://orcid.org/0000-0002-9717-0473
mailto:mokaram2@gmail.com

OhiSes 5 086 Loy VWAA 5l oF o)lad oV 6,50 [FYF

bM ¢ ,)_, £s Le ad 20
FFE G FFY Olrio YA jub oF o,lods Y 0,90
AVIAITY el o )6 AN VIV b pdy b

S350 dlio

(Review Article)

Sl g g o g LSY WL 51 Juol> cuS 3 (Sl ywiid pansnilSo 9 (Sl 8 035 (o y
Sl

v Y . . Y #* .
ZSOR R PYCIAI ST TRVIAP TEVEIRUPC PRSP

Ol 5l s Sy pale olKatils ¢ Sy 0aSLadls o idly conibipm Lol
Ol 5l s Sy pole olKitils ¢ Sy oSy o dl condogm 1350 (g9l
Ol 5l s (S pole olKiils o S s 0aStild o idl ordigm il 395 (s92ils

ouS
05,5565 i j5bas 45 )18 )13 Saeenle5ilS 30 s JUSY W a8 By o aiS o] ) Salie Sals cudled 139 ans
W 5l Jol> acgomme .0,k Sy ao cdlid solais] jgbay a5 wao 1) Glacgeme JoSis aewl Syl L wilgs oo el
385 y9bar je HAMLET Lug Jsho e pucilSo 098 0 0ol HAMLET (gl ol 5 (Sl puag Sy
ol GoaiiS pgomns hlides yws s (iilog)S s o P g 5651 gl 0yl (iSen b pyisn s b g3l
oy l5 5 Slb i as GlapailSe lslo 51 gl A anlllae ol jo aigh o Jud HAMLET a4 mul jo a5 siin

mokaram2@gmail.com .ol ! o3l s 5l (S ple olStils o St 0aSiails o b condigm s1;Ss JLotils oo xS0 digy : Jgiue bw;

smsj.sums.ac.ir


https://orcid.org/0000-0002-9717-0473
mailto:mokaram2@gmail.com

FYO/ s diSY Ll oS 5 Sl st anilSo oo Sy psle alns
oo dSY Wl el L pp e doudio

Setdgl ol wsls las gasly wim cpmegdlS YL
SIUT L o) L9l o5 gz (C18: 1 cis A9)
s diSYWT 0F) ws sluls GC-MS Lug
5 oxd 5,5a HAMLET Lilie usly wis
(S5 s ISV Wl s b Jy bt assee

8 ouss BAMLET

oogdLSY W sl
Sl 695 e o Sl res sy W
o slyls g oas LSas ansland VYY 5 aS sl e
2o plin 3 5wl glls ohS VR (J9Sge
Sybsr hy (Gl oad JLlinl slaole g
Loy GeeediSY W Jiay s sle (AY)
Oean Sl oad psiine WSOl andl (S Sgllin S
eels a5l 00 LSaS el 90 51 eg JUSY W
el 5 (@-HElX) Wi g b sl Lolul o] 55,5
Jbsle syl (B-sheet) by clxio sle 5SS
Sl pedS” @ Jlail dil> S by (IS gaman

() JS8) () +) 05 oo

gl LSY T (S5 59l gm i
o9l a0y 10 (g JISY LT 0,55
g oo 00l JUl (63515 ALl 4 a5 D500 el
5 05 oo GiiSen y jlhaudl s JeiSVE 0 T L Ll o
2 (V0) 99850 5555V 0ulS i dsgeze bl el
ssbas il LoV 03T resJUSY LT CLe
UDP- 5l L;55YE (sbaog, 5 Jlisl el olazsl e
Seb e oske i 5l like glgl 4 galactose
s3é o 585 Wy ol Al e B sl (VY)
JeSVE bles 5 Conolaiz] g JisY W1 (Gl

AY) aeo o alial ]y 5Sel8 a 5lausl s

Ollaliny a0 o8 53 Loy aes Sy W oy
JyesyE p_;.)‘ﬂ Coolaiz! il o a5 )l 04z
2 S S ey S sy kel
oSy ol 4 gslite Ml cldd L3 la Jlu
Sl 4 sl b a5 & jgo iy el odosls bl
Bl O gods 4 was o JSid | glaegese Sl
| SloaSpgane Colled b slashe lie s
bug b gl 45 acgese (pl o o lis e
HAMLET lge L woS5 was serendipity
2o Sl adlas Jgb ;o HAMLET 598 oo aslis
Sl sladsho 4 LS Jlal p ol (St
Wi olpear Jld sz () as iS4, Vgl
Multimeric Alpha ) cosly wix egdisY
VEYA slasil & g0 as el L (Lactalbumin
ai olules SDS PAGE 3JUT jo cygidls oS V- g
Golizle guzly sz aegdSY Wl aS col culosls
molten globule-like ) wslas Jol5 a
(APOPLOSIS) Jslw 5 1o Wl ccl 5 ol (StrUCture
2 &Sl s s ML sladsle 51 slgl o
S 50 ol X)) ol adlinles 5 Wl sloJokw
olis 095 5l 1, Joke S SausWl el Sl
uly 2z Grag ST Jo (eag JSY W g arlo
S Sy Al 009 el ey Ot 4 o
cel pgw ,tzle o (cOnformation) sons,se
JslS el LSl g 09l 0095l Si> jsba
&S law (Molten globule-like structure) «:slss

30 1) God o8B S SO pgy yin Oldllae (V)

smsj.sums.ac.ir



OHKen 5 0,50 digy

VWAA 5l oF o lad V6,00 [FYF

5 () Silse b Ly amio S5 g Goyd 5 9,5) oSl Wl Loz b s JliSY LT sl rms sy T gompans ,lisle ) IS5

(\Y)) sloadsesls ul.....; 29 slael b (‘_g‘o)‘jxé) ‘5».\.‘.0.]9...4 &S Mg )LP e ol saosls uL“‘-’ ) M £y JLaJ oKl

05dlly o ,Slas S 093 JlBle o Sz sl SO
OV FD) 8550 oo s 4 9o

255w Sl alwgas HAMLET  jLsle asllas
near-UV CD spectroscopy « By 5  wilw,olé
& wols sl far-UV CD spectroscopy
Sl Sosded bl o > HAMLET aegocns
AOV=10) bl go 09,955 b Jy= jgbas o

dcgezme odiiSpgeme Cudld 5 glul (oSS
5 e dlSY Ll S o095l wiesls HAMLET
L.OFAA) aibiso o 4 0y sl g1 oS Jlas!
ol coragdiSY WISl 5l S 0 005 o
S osbwsil | 09 (59,550 Sz jsbar eSen
ceel oyl s )0 a8 oa Ly Silxio (g,lbb 4 e
3300 HAMLET LS5 Lled 5 oy sl JLa
Wl gamlsiel Jlg 5l plogise ks 05z 0
sbwl a4 06 HAMLET [SLaS jo (pogdUSY
eed 4 aiib oo JUrKat Sl yw sloJolw ,8 S pe
Glaalonwl VYY gy plas a5 conl sadolgias Juo

o USY WT (S 5olgm (i
W)’L&B“T Al (g0, 40 yuegJlSY [H]] 0,95 U
g go odls JEl (35 aSils 4y s § 390 0 plox]
5 WS oo (RSt Ll eSS T L Ll o
30 (V) 058 oo 5555Y 00lS i dsgesre oboul cels
ssbar il b3SV 5l Gras sy W Gle
UDP- 51 5V slmog 5 Jlisil el polas)
sgb e ool i 5l bk glgl 4 galactose
s 55 555Y oy ol alspe U sl (V)
JissSYE e 5 coolansl (o dlisy W o sl

OF) s oo Gl38l ) 35618 a5l el s

HAMLET s S99 Lot
o 15 S 3 ol sspame olyisss HAMLET
oSl o mtive Salyl anadl g s iSY W]
gt |y Gl slasbs 5o (Job S 5o W Ul
5| diged puiass ylaicds HAMLET .¢) Sl ol
el ddle e patin o Sles o5 utign SO

o u"‘ » oj)Lc Lol el o..\..»wy é)lé 09.> AS"""L’

smsj.sums.ac.ir



FYV/ angdSY Ll oS 5 Gl yussds pransilSo

ko (K23 pole alone

wabails, olbye sbsle Ly HAMLET
5 amo e L5 Gus e |, Jsbe caliee (glacSalasl
Jeolt S oo Jb ) (Jobo Spe jme iz
S A Cewd adbnle s el o ole
15 OXF) ain aglie HAMLET (sosisSmgence
s sfs HAMLET o lbs sls sl
ol sladshe (V0) wboo goad aivn ;3 5 3580
5 anS e ety | HAMLET §f pel luis
s (T5) 205 sgzg o] ohtius Ul 5l cualed
& HAMLET U aslic s cpeglisY Wl el
ez nl g 298 (Sl Job 3y 5565 (e
5 s dESYUIT 03,5506 o3 WS o Sl a5 o
Loy sy 6ly 90 o Sadlgl amal @ ol Jlas!

(VAN s o3 Gl s Jolow

OomosdlSY WI & Fwl y0 pgjlisy e

HAMLET ,5 03,55t
2 e pailisy 5 edpuil ad & ol
T o2l cdes woyeml Glagetisn  jlwses
bgiye oy slaJsho ;3 03,9500 b (yagdlisy
Eoly 5o PS5 endlgail 4l oyl Slml 4y
Gl oadosls Hlas (YY) ol oo 20S ;s polgy
50208 pg5l5g, ooy 4 Lo.o.o.a.m HAMLET a5
cel g 0gd o Juate (IN VItr0) alKiole;l Lo
Ol cdld Jlas 5 p9lsn 50 @ @SLe i

D9 0

L oolgy,S g slams sbowipd icKonp

HAMLET
e gos Sl slaJsbs aiwa o HAMLET
Ol ly slad (500 S Hlyieds o g g WS o
s b stee HAMLET () s olulis
oo pé sloacgere JoSid cel colys,s DNA

Db s omagg) Ny, ;0 Pl el &5 weh e

3Lidyse o] eaiiSpgene Cdlad (sl (ragJlSY L]
(V) 2l el

5500 CogdUSY T Slasl aeg JUSY T 4 egdle
JSs Qlls So g p el G5 alexl laaigs
awlia LA Wyl ) Syl ol L acgemme
(o g Sl eg Sy W 5l Jol> slaacgaze
Colled dacgeme g0 p a5 Cwl caeoh s
YY) dips oo lis 1) spalie 00iS pganns

HAMLET oJg s g,
Wi 5 HAMLET oJg Glp caliee by, cpois
N ) alile)] Lus ;5 Satdyl dond g cymog Sy
e 3,5 gleg,S (YF) ol oadosliial (VILro
HAMLET wlsg psye lagts, abezil G
W b o omls b iy ol D) il
T 550l el 5 5lag,S Lo e iSY
@ e 45 dgd o0 ABll T 4 EDTA s 050 o
W coledys 5 o9 ol pedS ool cess ]
Sowd dy el 00,9356 (Sir jsba &5 (ceg SV
DEAE 5w 5l megdiSY WT 4l 6,8 0l oo
b J3 5l a5 Gg (s Sl s Trisacryl M
T gl 09 g0 o0l j50e g2 00 (5,138 ,L 0 yz e
Jate g 4 00l )L oz el b (e dUSY
33800 HAMLET acgome J S5 crge 5 95500
Dgb e 033 shglind Yoo Sy (Sod chile lags a5
o) sl Ibo awg eoiosld glglund 4cgeze
o5ekdged ol s y35 0 9] Ceso @ (gl 5 eni S
Lslse HAMLET oJg sla g, 50 5 00,5 oo
A ez sl g el W ks (08
ol bl a0 8 L0 les yo T ols 1,3 4 PBS

VYY) ail g0 aiBo Ve ooy

by (Gl Jow Sp s
HAMLET

smsj.sums.ac.ir



O, 5 0 S digy

VWAA 5l oF o,led oY 650 /FYA

JUd L(FY) S o bl g anson 1) lowd ogm )8
Sye el guizmen SYob Sow a4 g5Bgl o
a5 Cenl sdBosalin Dl g0 Jolw o;).&d}i)uliﬁ
slad 4 LC3 lnlr 5 aY 5o (slid b slasSess
3o il e 65beil Jsene slaailis 5l aS Lo JsSyss
HAMLET L oo s b sl sl
oo Sy pSeix el (YY) asladl jlisl
oS e 5l oslizul L HAMLET Ligs saslall
o (5Bgl,S e oS cnl pl Sk (65 g ! S
Wl HAMLET « Fely jo a8 ol (Jol S sl

HAMLET _loys oo p,ls

oaiS pyone Collid adlas pge slocde 5l S
S s Joe ade o coolazsl HAMLET
PEiolejl e 5o Slalllas I (55l 50wl
HAMLET &5 cul oasesls slas (N Vitro)
Oebdze om0 Al andle Slejs 0,5 wilgs e
gsr5 HAMLET Jl>l oo, )5 4 00 2 e
(IN VIVO) ous; Slogzge o 50 Sldllas >l,b a4
(FF-YF) s,

o Glgeas HAMLET ) ooliial edlSin 51 S
G 5l a8 Cel s Tl o ol ol o 5 S 5
oS pyane Sl g oo ST 0z slaenl & Jlasl
aen 50 Lo cpegdl 92 S 25 |, HAMLET
Slge 5l Gl 53 )l 352y Sjgdnd Slule
slodsl 4 053 Jud o3 3 HAMLET o)

et sboglul ooy oleea HAMLET
Tobhw 5 Gy me Slule pleea bl
J&»M_J.Joauafmwsawusbbm
Koo obml wgpg bogol lwg o Cowgsls

Jols g aiien 25U Sleye slean S (YY)

sy S o S HAMLET &, leg,S
Sl sl slo sl 53 TE s Lty e
o costas ooy sly o] slooaiiS lee o byl b
Sl L HAMLET i eslio
OFed SlhoaiS e 4 muly o seedhitul e
Lo@lflee 51 Joko She spein 5 Dlils

(YA) o)l Plawls s slaooss lpe

HAMLET & by 55 (5365319,5bo 9 5934921
Sleogas HAMLET L oo ls sla sl
5O eSS g UK 0 Sl b oolen Signgl
UL PVE I L OIS VI B R CT-X SR g DNA
» HAMLET &5 coil sasosly plas as el
s 2laSsie i el g 008 oo Sl (6,05 s
oo oI L aS sgi e o] slid Jusly o8, s
5 Ssnlon Gl bl Gad Jb € ey St
olyor Joho mhw 55; (e hosland ud el
loonisS s 4ol s azgi b iyl (YAF+) o
I, HAMLET L oo Lo sla ol axiuslys sLuls
laJshe S e Jdo Semnal (nlply wins oo, Spe
Sy & 6,50 Oldllae lawg azs pl (YY) Cud
P53 o5 souisS lee 9 BCI-2 ooslgils glo iy,
Lolaiez g aind 250 sebal Wy, ) (55 eolyls
Gy 0 e cage Lol Gl gl o Slinis Ko
osv il ier slajsle Sy ol HAMLET
» oj)l.c 6)i1° ‘_gl.bwlgn PLY MJGA QLM.J L))‘ 9

Niglse Jobo S e ymie a5 W)l S92 ot
bl paizmes HAMLET L osss Loy (sla sk
@ by 0 a5 el oy lii 1) (g5Bsilg,Se ]

smsj.sums.ac.ir



FYU angdUSY Ll oS 5 Gl yussds pransilSo

ko (K23 pole alone

il oyl yar
Slacdpin 0929 by Coul bt ailie plbpw 2y
Oloed jeo 39290 (Sleys slaan 3 5o abdl Jb 5o
Y ailie olb s fard ol oaile b Slea > ST
Jolis 1) eyl s IS 51 0oy O 5 el a5 Feee o
oy loys lp Yoons a5 Slag s (FY) 598 o
Bacillus Calmette- ol wgs oo osliwl ailie
mitomycin C , epirubicin thiotepa .Guerin

(FF) wily
(N Vitro) aKasle;l lasme o a5 i Slallas
5 o wrge HAMLET &5 wizily 5 ciog: saseloel
Sy slosbo alozsl Jolo slaos, 5l (alisu gl
Sygois HAMLET 31 addllas b (Y) 0gd o0 il
@ ilie olb w4 M 3,0 Lo 4 (g9, INtravesical
cohlews 5l A o as ol el lid lan S Sow
lar 5 Guses8 sladsbs jsuml wzse HAMLET
ol g oegdle el o ol ol 89,9 9 oyl o
2 b Gl Je ooy ol o s
AV0) Wl oaslice lylews 51 @ A o Sl Slogas
Solowr 9 L Cunn b g (59,950 pac 4z 5]
oo Slsisdr (reEign (Sir (9,5 b ool bLS)
Loosdee adlid osllae 69,8hos g5 obml (sl
wle gz eSS o Sles g pp oy
51as wols &ll ) gonlgd anlllas oyl ,o HAMLET
sloo,Slas 4y e Wilgi oo e LSl oy s
@ by sloSleS 5 bagatign ;o Gnlete g dube
b pp oSkl glite Lulul a8 558 L)l

&8Lw ol

0,005 3925 w8lie olay aslas il jo

5 CO2Z 5wl Sl b,sS calin S
g sloslol (TA) aiil oo (Shoime 2o (slag)ls
GBS HAMLET 51 oy sl Joe sl Glseay
2ogy polie pomsye Sloyo by & aS Gllaw 5 s
(YY) o a5 Lk 0 HAMLET 1 asdlas oy
bigkol poe> 2alS el HAMLET adlbas oyl o
ol b aslas jo (Ve 51V ) ohlew slas,o Voo o
5 v(placebo) Lugls 05,5 ollas ,0 o, V0
Llie o HAMLET Gejlys 1 oy b o (Y
50 Sluls seled a5 wl el lis ¢ gwss sleglols
@8, Oy 5l S Jle oo 5l am lles 5l aoys AY

Logiusdygals sloys ;o HAMLET
Shozexr JBb Sluls I (oRKeal 095 b LeglS
5 G 5 355 oo Licia LS55 (slasho 5 a8 aia
Jols 1y e adgl Gl p Jobo laosg 5l ws)s 7
4253 ¥ Wl osllacl (5Tt Yorn 5 igdhos
G ganar s lie 0 &5 Lgdbeds IV
Slee L WHO(World Health Organization)
3 el oa B yme (GBM) doyd Wiz legiwdheS
ole oy ploj bawgie 5 Conl b LogddS (n S
wiboe Jlo G5l S LegddS g5 cnl 4 Die o4
5 St (@linsl Jold wly laple,s (F4)
S ceol oadosls plas (F)) il ol
cel (N Vitro) el buxs ,0 HAMLET
sgie GBM insn sladises jo Jolo 5o Ll
L (N VIVO) ;o lame jo gladlas ;o fuizen (VF)
g sbdse  sla adghal el By
W6 oo slaise e 5o ol logadg s
slagtge p HAMLET 51 cn) b g (cimal picns
ez HAMLET 45wt o0ls olis oy 53 ol oo

(FY) el ool dosmez 50 509 e oS

smsj.sums.ac.ir



O, 5 0 S digy

VYA 50b oF o)leis &V 0,90 /FF-

10.

11.

apoptosis. Proceedings of the National
Academy of Sciences. 2000; 97(8):
4221-6.

Svensson M, Mossberg AK, Pettersson
J, Linse S, Svanborg C. Lipids as
cofactors in

protein folding:

Stereo-specific lipid—protein
interactions are required to form
HAMLET (h uman a-lactaloumin m
ade le thal to t umor cells). Protein

Science. 2003; 12(12):2805-14.

Hill RL, Brew K. Lactose synthetase.
Adv Enzymol Relat Areas Mol Biol.
1975; 43: 411-90.

Pettersson J, Mossberg A-K, Svanborg
C. a-Lactalbumin species variation,
HAMLET formation, and tumor cell
death. Biochemical and biophysical
research communications.

2006;345(1):260-70.

lyer LK, Qasbha PK. Molecular
dynamics simulation of a-lactaloumin
and calcium binding c-type lysozyme.
Protein engineering. 1999; 12(2): 129-
39.

EA, Berliner LJ.
a-Lactalbumin: structure and function.
FEBS letters. 2000; 473(3): 269-74.

Permyakov

Svensson M, HAKANSSON A,
Mossberg A, LINSE C, Svanborg C.

smsj.sums.ac.ir

&b
HAKANssoN A, Zhivotovsky B,
Orrenius S, Sabharwal H, Svanborg C.
Apoptosis induced by a human milk
protein. Proceedings of the National
Academy  of  Sciences.  1995;

92(17):8064-8.

. Svensson M, Sabharwal H, Hekansson

A, Mossberg A-K, Lipniunas P, Leffler
H, et al. Molecular characterization of
o—lactaloumin folding variants that
induce apoptosis in tumor cells. Journal
of Biological Chemistry. 1999;

274(10): 6388-96.

. Svanborg C, !gerstam H, Aronson A,

Bjerkvig R, Diringer C, Fischer W, et
al. HAMLET Kkills tumor cells by an
apoptosis-like ~ mechanism—cellular,
molecular, and therapeutic aspects.
Advances in cancer research. 2003; 88:

1-29.

. Gustafsson L, Hallgren O, Mossberg

A-K, Pettersson J, Fischer W,
Aronsson A, et al. HAMLET Kills
tumor cells by apoptosis: structure,
cellular mechanisms, and therapy. The
Journal of nutrition. 2005; 135(5):
1299-303.

. Svensson M, Hskansson A, Mossberg

A-K, Linse S, Svanborg C. Conversion

of a-lactalbumin to a protein inducing



FEV angdUSY Ll oS 5 Gl yussds pransilSo

| (K sk el

17.

18.

19.

20.

21.

HAMLET (h uman o-lactaloumin m
ade le thal to t umor cells). Protein
Science. 2003; 12(12): 2794-804.

Fast J, Mossberg AK, Svanborg C,
Linse S. Stability of HAMLET—A
kinetically trapped a-lactaloumin oleic
acid complex. Protein Science. 2005;
14(2): 329-40.

Mok KH, Pettersson J, Orrenius S,
HAMLET,

tumor  cell

Svanborg C. protein

folding, and death.
Biochemical and biophysical research

communications. 2007; 354(1): 1-7.

Casbarra A, Birolo L, Infusini G, Dal
Piaz F, Svensson M, Pucci P, et al.
Conformational analysis of HAMLET,
the  folding human

with

variant  of
a-lactalbumin associated
apoptosis. Protein science. 2004; 13(5):

1322-30.

Tolin S, De Franceschi G, Spolaore B,
Frare E, Canton M, de Laureto PP, et
al. The oleic acid complexes of
proteolytic fragments of a-lactalbumin
display apoptotic activity. The FEBS
journal. 2010; 277(1): 163-73.

Brinkmann C, Thiel S, Larsen M,
Petersen T, Jensenius JC, Heegaard C.
Preparation and comparison of
cytotoxic complexes formed between

oleic acid and either bovine or human

smsj.sums.ac.ir

12.

13.

14.

15.

16.

Conversion  of-lactoglobulin  to a
protein inducing apoptosis. Proc Nat

Acad Sci USA. 2000; 97: 42214226.

AK, Mok KH

Morozova-Roche LA, Svanborg C.

Mossberg

Structure and function of human
a-lactaloumin made lethal to tumor
cells (HAMLET)-type complexes. The
FEBS journal. 2010; 277(22): 4614-25.

Lin Y, Sun X, Hou X, Qu B, Gao X, Li
Q. Effects of glucose on lactose
synthesis in mammary epithelial cells
from dairy cow. BMC veterinary

research. 2016 Dec; 12 (1):81.

Pettersson-Kastberg J, Mossberg A-K,
Trulsson M, Yong YJ, Min S, Lim Y,
et al. a-Lactalbumin, engineered to be
nonnative and inactive, Kkills tumor
cells when in complex with oleic acid:
a new biological function resulting
from partial Journal  of
molecular biology. 2009; 394(5): 994-

1010.

unfolding

Kuwajima K. The molten globule state
of alpha-lactaloumin. The FASEB
Journal. 1996; 10(1): 102-9.

Svensson M, Fast J, Mossberg AK,
Duringer C, Gustafsson L, Hallgren O,
et al. a-Lactalbumin unfolding is not
sufficient to cause apoptosis, but is

required for the conversion to



O, 5 0 S digy

VWAA 5l oF o lad Y o508 /FFY

27.

28.

29.

30.

31.

response to HAMLET (human o-
lactalboumin made lethal to tumor cells).
Milk:

Bioactive Components of

Springer; 2008. p. 217-40.

Gustafsson L, Aits S, _=nnerfjord P,
Trulsson M, Storm P, Svanborg C.
Changes in proteasome structure and
function caused by HAMLET in tumor
cells. PLoS One. 2009; 4(4): e5229.

Brest P, Gustafsson M, Mossberg A-K,
Gustafsson L, Duringer C, Hamiche A,
et al. Histone deacetylase inhibitors
promote the tumoricidal effect of
HAMLET. Cancer research. 2007,

67(23): 11327-34.

K::hler C, Gogvadze V, Hekansson A,
Svanborg C, Orrenius S, Zhivotovsky
B. A folding wvariant of human
a-lactalbumin induces mitochondrial

permeability transition in isolated

mitochondria. European journal of

biochemistry. 2001; 268(1): 186-91.

K::hler C, Hekansson A, Svanborg C,
Orrenius S, Zhivotovsky B. Protease
activation

in apoptosis induced by

MAL. Experimental cell research.

1999; 249(2): 260-8.

Hallgren O, Gustafsson L, Irjala H,
Selivanova G, Orrenius S, Svanborg C.
HAMLET triggers apoptosis but tumor

cell death is independent of caspases,

smsj.sums.ac.ir

22.

23.

24.

25.

26.

a-lactaloumin. Journal of dairy science.
2011;94(5):2159-70.

Knyazeva EL, Grishchenko VM,
Fadeev RS, Akatov VS, Permyakov
SE, Permyakov EA. Who is Mr.
HAMLET? Interaction of human o-
lactalbumin with monomeric oleic acid.

Biochemistry. 2008;47(49):13127-37.

Kamijima T, Ohmura A, Sato T,
Akimoto K, Itabashi M, Mizuguchi M,
et al. Heat-treatment method for
producing fatty acid-bound alpha-
lactalbumin that induces tumor cell
death. Biochemical and biophysical
communications.  2008;

376(1): 211-4.

research

Hkansson A, Andréasson J,
Zhivotovsky B, Karpman D, Orrenius
S, Svanborg C. Multimeric a-
lactalbumin from human milk induces
apoptosis through a direct effect on cell
cell research.

nuclei. Experimental

1999; 246(2): 451-60.

Diringer C, Hamiche A, Gustafsson L,
Kimura H, Svanborg C. HAMLET
interacts with histones and chromatin in
tumor cell nuclei. Journal of Biological
Chemistry. 2003; 278(43): 42131.°-

Hallgren O, Aits S, Brest P, Gustafsson
L, Mossberg A-K, Wullt B, et al

Apoptosis and tumor cell death in



FEY angdUSY Ll oS 5 Gl yussds pransilSo

| (K sk el

37.

38.

39.

40.

41.

42.

Gustafsson L,  Leijonhufvud |1,
Aronsson A, Mossberg A-K, Svanborg
C. Treatment of skin papillomas with
topical a-lactaloumin—oleic acid. New
England Journal of Medicine. 2004,

350(26): 2663-72.

Gibbs S, Altman DG, Harvey |,
Stark R.

treatments  for

Sterling J, PapersLocal

cutaneous  warts:
systematic reviewCommentary:
Systematic reviewers face challenges
from varied study designs. Bmj. 2002;

325(7362): 461.

Gundersen S, Lote K, Hannisdal E.
Prognostic factors for glioblastoma
multiforme:  development of a
prognostic

1996; 35(sup8): 123-7.

index. Acta Oncologica.

40. Louis DN, Ohgaki H, Wiestler OD,
Cavenee WK, Burger PC, Jouvet A, et
al. The 2007 WHO classification of
tumours of the central nervous system.
Acta neuropathologica. 2007; 114(2):
97-109.

Wen PY, Schiff D, Kesari S, Drappatz
J, Gigas DC, Doherty L. Medical
management of patients with brain
Journal

tumors. of neuro-oncology.

2006; 80(3): 313-32.

Engebraaten O, GO,
Hirschberg H, Fodstad X. Growth of

Hjortland

smsj.sums.ac.ir

32.

33.

34.

35.

36.

Bcl-2 and p53. Apoptosis. 2006; 11(2):
221-33.

Yorimitsu T, Klionsky DJ. Autophagy:
molecular machinery for self-eating.
Cell death and differentiation. 2005;
12(S2): 1542.

Gozuacik D, Kimchi A. Autophagy and
cell  death.
developmental biology. 2007; 78: 217-
45,

Current  topics in

Fischer W, Gustafsson L, Mossberg A-
K, Gronli J, Mork S, Bjerkvig R ,et al.
Human o-lactaloumin made lethal to
tumor cells (HAMLET) Kkills human
glioblastoma cells in brain xenografts
by an apoptosis-like mechanism and
research.

prolongs survival. Cancer

2004; 64(6): 2105-12.

Mossberg AK, Wullt B, Gustafsson L,
Mensson W, Ljunggren E, Svanborg C.
Bladder cancers respond to intravesical
(HAMLET human

a-lactaloumin made lethal

instillation  of
to tumor
cells). International journal of cancer.
2007; 121(6): 1352-9.

36. Mossberg A-K, Hou Y, Svensson
M, Holmgvist B, Svanborg C
HAMLET treatment delays bladder
cancer development. The Journal of
urology. 2010; 183(4): 1590-7.



O|)K.Am5‘a)ia 4353: YYaA ),».AL: f O)Lo..i) Y o)gd/fff

the Royal Society for the Promotion of precultured human glioma biopsy
Health. 2004; 124(5): 228-9. specimens in nude rat brain. Journal of

neurosurgery. 1999; 90(1): 125-32.
44. 44. Schenkman E, Lamm DL.

Superficial bladder cancer therapy. The 43. Sengupta N, Siddiqui E, Mumtaz FH.
Scientific World Journal. 2004; 4: 387- Cancers of the bladder. The journal of
99.

Cite this article as:

Mokarram P, Behrouj H, Rezayi S, Siri M. The Study of Clinical Application and Anticancer
Mechanism of Alpha-lactaloumin and Oleic Acid Composition. Sadra Med Sci J 2019; 7(4): 433-
444,

smsj.sums.ac.ir



