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MeauuunHckasa rmmkoounonorus

Bone3Hu, cBA3aHHbIE C Aerpagauuen yrneBoaoB




MnkonpoTeunH-pgerpagupyrowime oepmMeHTbI

« Jk3o-rnukosnaasbl (Fuc-, Gal-, NeuSAc- etc.)

« JOHpo-depmeHThl N-uenen (endo-H, endo-F, endo-D, etc.):
[ nmkoamunpgasbl (cBd3b OS-NH->Asn)
GIlcNAc-a3bl (cBa3b GICNAc—> GIcNAc-Asn)
Gal-asbl (cBA3b Gall—>4GIcNAc komnnekcHbix OC)

* O-rnukonpoTtenHasbl (NnenTugHble CBA3M BONU3N 1 mexay
O-uensamn)

o JHpOo-rnmko3uaasbl O-uenen (cBsa3b GalNAc—> Ser/Thr)



Nerpagauusa rMMKkocUHronMnmMaoB:
rmmKko3sunaasbl U rnMKoswp,osbl
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OedeKkTbl gerpagauum rmnMkornpoTenHoOB U 6
MUKONUNNAOB: MMNKO3NA03bl

Disorder

Defect

Glyco-
protein

Clinical symptoms

a-Mannosidosis a-mannosidase major none type I: infantile onset, progressive mental retardation,

(types I and 11) hepatomegaly, death between 3 and 12 years
type II: juvenile/adult onset, milder, slowly progressive

B-Mannosidosis B-mannosidase major none severe quadriplegia, death by 15 months in most severe cases;
mild cases have mental retardation, angiokeratoma, facial
dysmorphism

Aspartylglucosa aspartyl- major none progressive, coarse facies, mental retardation

minuria glucosaminidase

Sialidosis sialidase major minor  progressive, severe mucopolysaccharidosis-like features, mental

(mucolipidosis I) retardation

Schindler (types | a-N-acetyl- yes ? type I: infantile onset, neuroaxonal dystrophy. severe psychomotor

and II) galactosaminidase and mental retardation, cortical blindness, neurodegeneration
type 1l: mild intellectual impairment, angiokeratoma, corpus
diffusum

Galactosialidosis  protective major minor  coarse facies, skeletal dysplasia, early death

protein/cathepsin A

Fucosidosis a-fucosidase major minor  spectrum of severities includes psychomotor retardation, coarse
facies, growth retardation

GM1 B-galactosidase minor major  progressive neurological disease and skeletal dysplasia in severe

gangliosidosis infantile form

GM2 B-hexosaminidase minor major  severe form: neurodegeneration with death by 4 years less severe

gangliosidosis

form: slower onset of symptoms and variable symptoms, all
relating to various parts of the central nervous system




HNedeKkTbl gerpagauum rnMKonunnaoB: 7
rMUKo3naosbl

Disease name

Enzyme or protein

deficiency

Clinical symptoms

Tay—Sachs B-hexosaminidase A severe: neurodegeneration, death by 4 years
less severe: slower onset of symptoms, variable symptoms all relating to parts
of the nervous system

Sandhoff B-hexosaminidase A same as Tay—Sachs

and B

GM1 gangliosidosis

B-galactosidase

see Table 41.1

Sialidosis sialidase see Table 41.1

Fabry a-galactosidase severe pain, angiokeratoma, corneal opacities, death from renal or
cerebrovascular disease

Gaucher’s B-glucoceramidase severe: childhood or infancy onset, hepatosplenomegaly, neurodegeneration
mild: child/adult onset, no neurodegenerative course

Krabbe B-galactoceramidase early onset with progression to severe mental and motor deterioration

Metachromatic arylsulfatase A infantile, juvenile, and adult forms can include mental regression, peripheral

leukodystrophy (cerebroside sulfatase)  neuropathy, seizures, dementia

Saposin deficiency

saposin precursor

similar to Tay—Sachs and Sandhoff




HNedekTbl gerpagauumn rmMKo3aMUHOITIMKAHOB: 8
MyKononucaxapuaosbl

Enzyme deficiency

Glycosa
mino-
glycan
affected

Clinical symptoms

MPS I H Hurler, a-L-iduronidase DS, HS Hurler: corneal clouding, organomegaly, heart disease, mental retardation,
Hurler/Scheie, death in childhood
Scheie Hurler/Scheie and Scheie: less severe, individuals survive longer
MPS I Hunter iduronate-2-sulfatase DS, HS severe: organomegaly, no corneal clouding, mental retardation, death before
15 years
less severe: normal intelligence, short stature, survival age 20—-60
MPS Il A Sanfilippo A heparan N-sulfatase HS profound mental deterioration, hyperactivity, relatively mild somatic
manifestations
MPS III B Sanfilippo B a-N- HS similar to 11l A
acetylglucosaminidase
MPS Il C Sanfilippo C acetyl CoA: a- HS similar to 11l A
glucosaminide
acetyltransferase
MPS 1ll D Sanfilippo D N-acetylglucosamine 6- HS similar to 1l A
sulfatase
MPS IV A Morquio A galactose-6-sulfatase KS, CS distinctive skeletal abnormalities, corneal clouding, odontoid hypoplasia,
milder forms known to exist
MPS IV B Morquio B B-galactosidase KS same as IV A
MPS VI Maroteaux-Lamy  N-acetylgalactosamine DS corneal clouding, normal intelligence, survival to teens in severe form; milder
4-sulfatase forms known to exist
MPS VI Sly B-glucuronidase DS, HS, wide spectrum of severity, including hydrops fetalis and neonatal form
CS
multiple sulfatase modifying all sulfated  hypotonia, retarded psychomotor development, quadriplegia
sulfatase factor converts glycans

deficiency

cysteine—formyl glycine




MeauuunHckasa rmmkoounonorus

YrneBopgHble rfieKapcTBa:
aHTaroHUCTbI yrneBoA-6enKkoBbIX B3aUuMoOOeuCTBUMN




YrneBogHble nnekapcraea
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JlekTUHBLI: cuctema BPpOXA€HHOIro MMMYHUTETA, 11
PpacCcrno3HaBaHUe NatoreHoB U KJieTo4yHasa aare3us
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UHrmbunpoBaHue pocTta akcoHoB curnekom-4 (MAG) L2

Inhibition of axon
outgrowth
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AHTaroHucTbl B3anmogencteusa curneka-4 (MAG) c 14
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MoOununsauma nemKkoumMToB K CanTy BocnaneHusa: 15
y4yacTue cenieKTUHOB
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UHrmbutopsbl E-cenekTuHa — aHanoru Sial eX
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AHTaroHMCTbI CesIeKTUHOB

Table 1 | Small-molecule selectin antagonists in preclinical and clinical trials

Name and structure

=
Cylexin (CY-1503)  HO

-
i

| 4
H'D 2': HH#’_J%;H&RH“’_/’{L;H - {CH}]G ’JH:H%\..-"/LHQJJ\VH COzH

o
e

OH

Bimosiamose (TBC-1269)

CH,NH
N

O)-R9188

JDH

Specificity
E-, P-and

L-selectin

E-, P- and

L-selectin

E-,P- and

L-selectin

Disease Institution  Status
Cardio- Cytel Stopped
vascular injury

Asthma and Revotar Phase lla
psoriasis

Allergic Nippon Preclinical
dermatitis Organon

17

Refs
179

180

181



AHTaroHMCTbI CesIeKTUHOB

;(

CO.H

e e

. = ,rﬂw,rho,t - ﬁh“,NH

—T0
N;OH ,;;ix anﬁ,
x‘ \H
GMI-1070 (0]
CO:H
e .-'L OH

P A E‘_\__.-D
NaD;50 Di (8] DS )

HO| o OH
oH ™ {_ou
OH
HO GSC-150
Hm\_\__.--"!\“«.\;f"' S "\-\._.-"--'H""‘-H'.-':'d; S~ N
OH 0O OH j;}\
O T ,-:.-"" - ,__-;".-"""nH g

OH

Efomycin M

H

_OH

i

~~"NH SOH
T""% ’L“wtl
HOs 8~ ~F ~F
R
CyHyg
L
7 T CyHy
OH 0 OH
. lh_ ,-*“\, P A

T ¢

E-, P-and

L-selectin

P-selectin

E-, P-and

L-selectin

E-and

P-selectin

Sickle cell

crisis

Athero-
thrombotic
and venous
thrombotic
diseases

Metastatic
cancer

Psoriasis

Glyco-
Mimetics

Wyeth

Kanebo

Bayer

18

Phase | 182

Phase | 183

Unknown 184

Preclinical 185



MeauuunHckasa rmmkoounonorus

bakTepunanbHaa agre3us
AHTN-agre3noHHasa aHTU-OaKTepunanbHasa Tepanus
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bakTepunanbHaa agre3us: BapuaHTbI

a) Pili or Fimbriae b) Afimbrial Adhesins

Major Tip
subunit  5qghesin

(pili)

Host extracellular
matrix glycoprotein
(e.g., fibronectin)
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YrneBoAabl NOBEPXHOCTU KIeTOK — CauThbl 21
npucoeguHeHMAa OaKTepuanbHbIX NAaTOreHoB

Organism Target tissue Carbohydrate Structure
E. coli Type 1 Urinary Mana3Mano6Man GP
E. coli P Urinary Galo4Gal GL
E. coli S Neural NeuAc (02-3)Galp3GalNAc GL
E. coli CFA/1 Intestinal NeuAc (02-8) GP
E. coli F1C Urinary GalNAcp4Galp GL
E. coli F17 Urinary GlcNAc GP
E. coli K1 Endothelial GlcNAcp4GlcNAc GP
E. coli K99 Intestinal NeuAc(02-3)Galp4Glc GL
C. jejuni Intestinal Fuco2GalpGlcNAc GP
H. pvlori Stomach NeuAc(02-3)Galp4GlcNAc GP
Fuco2Galp3(Fuco4)Gal GP
K. pneumoniae Respiratory Man GP
N. gonorrhoea Genital GalP4Glc(NAc) GL
N. meningitidis Respiratory [NeuAc(u2-3)] GL
Galp4GlcNAcP3Galp4GlcNAc
F. aeruginosa Respiratory L-Fuc GP
Respiratory Gal ['iSGlc(NAc}[ﬂ}Gal[MGFc GL
S. typhimurium Intestinal Man GP
S. pneumoniae Respiratory NeuAco2-3Galp1-4GleNAcp1- GL
3GalP1-4Glc
S. suis Respiratory Galo4Galp4Gle GL
GP = glycoprotein, GL = glycolipids



CeneKkTnBHOCTb aaresum E. coli
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BACTERIA ADHERE to tissues selectively. Hairlike protrusions called fimbriae on
the bacteria bind exclusively to certain surface carbohydrates. These interactions
determine which tissues are susceptible to bacterial invasion. Rod-shaped Esche-
vichia coli bacteria are shown here on tissue from the urinary tract.
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CeneKkTnBHOCTb OaKkTepuanbHoOu aare3um (cneesa) 23
U MHrIMbnpoBaHue aare3um (cnpasa): E. coli

SELECTIVE EFFECTS of carbohydrates on bacteria are il- can still cling to epithelial tissue (left). A constituent of the
lustrated in these photographs. These E. coli have a lectin P glycolipid binds to the bacteria’s lectin and prevents ad-
for the P glycolipid. Bacteria incubated in the sugar mannose hesion (right).



Y3HaBaHue yrneBoAoB KNeTKU-X03siMHa 24
FIeKTUHOM OaKTepuu — NnepBbIU 3Tan agre3vu

P-®umbpumn — C: ranabunosa
Pumbpuum Tuna 1 — FimH: maHHO3a

/Escherichia coli
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7. Comprehensive Glycoscience. From Chemistry to System Biology, 2007, Ch. 3.28.3.1, p. 636 (2346).
22. Glycoscience and Microbial Adhesion. K. Lindhorst, S. Oscarson (Eds.), 2009, 186 pp.
61. A. Bernardi, et al. Multivalent glycoconjugates as anti-pathogenic agents. Chem. Soc. Rev. 2013, 42, 47009.




UHrmbupoBaHue cBA3bIBaHUA NIeKTUHA bakTepun ¢ 25
yrrneBoaamMum KreTku — aHTU-agreaMmoHHasa tepanus
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MeauuunHckasa rmmkoounonorus

AHTN-agresvMoHHasl Tepanus
(BUpychbl)
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MexaHn3mM NPOHMKHOBEHUSA BUPYCa B KJTIETKY XO35IMHA

c) HIV/AIDS i
Virus

a) Influenza
Viruses

_» Neuraminidase (NA)
~ Hemagglutinin (HA)

HA promotes
binding & entry

NA allows
budding & release

b) Herpes Simplex
Virus

Cell-surface
proteoglycans
(heparan
sulfate)

Glycoproteins
gB & gC of HSV

Membrane fusion
and viral penetration

U gp41
. gp120

CD4 receptor
binding

Conformational

change in gp120;

gp41can initiate
fusion
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HekoTopble AaHHbIe NO peLenTopamM BUPYCOB

Bupyc YrneBoa-peuenTop

REOVIRUSES (gastroenterites, respiratoric diseases, Sialo-oligosaccharides (sialo-OS)
conjunctivite)
ORTOMIXOVIRUSES (influenza): Sialo-OS

A, B Neu5Aca2-6GalB1-4GIcNACB-

C 9-O-Ac-Neu5SAca-
PARAMIXOVIRUSES: SEV, NDV (respiratoric diseases) Sialo-OS
ADENOVIRUSES (gastroenterites, respiratoric diseases, Sialo-OS
conjunctivite)
CORONAVIRUSES (gastroenterites, respiratoric diseases) Neu5Aca2-3Galp1-4Glcp-
PAPOVAVIRUSES (oncology) NeuSAca2-3Galpl-4Glcp-
PHYLOVIRUSES (hemorragic fever) GAGs
HERPESVIRUSES: HSV, EBV, CMV (oncology) GAGs
CALICIVIRUSES: NV (gastroenterites) H (type 1)
RETROVIRUSES: HIV-1, 2 (AIDS) GalCer




[MpuHUMN aHTM-agresMoHHOM Tepanuu rpunna

Inhibitors A/NIB/23/89M A/NIB/26/90M
(H1N1) (H3N2)

Human tracheal 0.1 0.5
mucin

Human nasal mucin --




Accoumnauusa rmmkonenTuga, NPpoMoTupoBaHHas 3]
BUPYCOM

t::,)
| . | ON - | f‘&
Ty Sy

- \ o~

= ~IH

=l ~IH

= ~I=H

BUPYC = - ~I=
=i ~IH

=3 ~I=

= ~IH

= ~IH

= ~IH

. v = ~I=

A )~



Accouuvauua rmmkonentuga, npomMmoTMpoBaHHasa 32
BUpyCcOM
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Bupyc nmmyHogedmuuta dyenoseka: B-GalCer u gp.
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b4 O 0
. @ - Co-receptor
GSLs —p .? - :,:. Y c—p
QL0 0 ,‘.'.............. W
\ \ \ \ [\ Phospholipid

bilayer
.......“..L.“.............

Cholesterol GSL Candidates: GC, SGC, GM3, Gh,
GalCer

Glycosphingolipid

: W
Role in HIV Infection %

Galactosyl ceramide

gp120 receptor on CD4 negative

Galactosyl ceramide

Viral transmission to CD4 T cells i
3

GM3 ganglioside

gp 120 receptor, fusion cofactor

GM3 ganglioside

Resistance to HIV

Gb,

Long chain fatty acid

gp 120 receptor, fusion cofactor

Gb,

Resistance to HIV
Sphingosine

Sugars CERAMIDE
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MHIrMONTOPbLI CBA3bIBaHUA BUpYcCa

C

HIV-1



MeauuunHckasa rmmkoounonorus

OHKkonorusa
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Onyxornb-accoUuMMpoOBaHHbLIN aHTUIeH Sialn

HopmMmanbHbI MyLUH

36

MyLUH OHKOOOSbHbIX

Neu5Aca2-6GalNAca-Ser/Thr

(aHTUreH SiaTn)
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Onyxosnb-accouMMpoBaHHbIe YyrieBogHbIe Lenu

» [Noyemy «accoummpoBaHHbLIEY», @ HE «crneunduyeckme»?

» «OnyxoneBble MapKepbl» — COEANHEHUS1, KOTOPble NPOAYLIMPYHOTCH
OMNyXONeBbIMU KNETKaMn U1 OPraHM3MOM B OTBET Ha pa3BUTUE OMyXOIN.

Onyxonb-cneumcbmqecme dHTUTeHbl 3KCMNMPECCUPYKOTCA TOJIbKO KIeTKaMu Onyxosin.

Onyxornb-accoUnnpoBaHHbIe aHTUreHbl Crabo aKcnpeccupoBaHbl B HOPMarbHbIX
TKaHAX U XapaKTepu3ytoTcs Oonee BbICOKOW CTEMNEHbLI 3KCMNPECCUN B ONyXOneBbIX
KrneTkax Mo CpaBHEHUIO C HOPMarnbHBIMU (UM «HE B TO BPEMS, HE B TOM MECTEY).

» 3a4yeM KNeTKn onyxonn MeHsIIT Npodurb rMMKO3NNNPOBaHNS?

» W3meHeHHOoe MUKo3niinpoBaHme nomMmoraeT yxoamntb oT MMMYHHOIO OTBETA.
HeKOTOpre MEeXaHN3Mbl 3TOIO yxoda.

NepmMaHeHTHas 3KCMNPEeCCUsl HOBbIX aHTUIEHOB (UNU «XOPOLLIO 3a0bIThIX»).

yBENUYEHNe CeKpeLmmn rmmkonpoTENHOB U MMUKOCHUHIONMNNAOB:
PYHKUUN «NOXKHAsA LeNb» U UMMYHOCYNPECCUs.

» ApganTtaums K HOBOMY COCeOCTBY.
» HoBble Lenn cnocobCTBYIOT METACTa3MpPoBaHMIO (NUraHabl ranekTUHOB)
» HoBble Luenn y4yacTByoT B aHrnoreHese (SialeX).

» IameHeHHoe MMKO3NJIiMpoBaHne — NpuU4nNHa Uin cneacrteue?



[Mpumepbl yrneBoAHbIX ONYXOJb- 38
accouuMmpoBaHHbIX aHTUreHOB

OGo3Ha4yeHne CTpykTypa

SiaTn NeuS5Aca2-6GalNAca-Ser/Thr
Tn GalNAca-Ser/Thr
TF(T) GalB1-3GalNAca-Ser/Thr
GD3 NeuS5Aca2-8NeuS5Aca2-3Gal
GD2 GalNAcB1-4(NeuSAca2-8NeuSAca2-3)Gal
GM2 GalNAcB1-4(NeuSAca2-3)Gal
Globo-H Fucal-2GalBl-3GalNAcBl-3Gala
FucGM1 Fucal-2GalB1-3GalNAcB1-4(NeuSAca2-3)Gal
LeY Fucal-2GalB1-4(Fucal-3)GIcNAC
Dimeric Le* GalB1-4GIcNACcB1-3Galpl-4GIcNAc

3 3

| |

Fucal Fucal

Polysialic acid (Neu5Aca2-8),,
Siale? NeubSAca2-3GalBl-4 (Fucal-3)GIcNAC




Mpocdunu aKkcnpeccum yrineBoAHLIX ONMYXOrb- 39
acCcoLMMPOBAHHbIX aHTUIEHOB B Pa3NINYHbIX
onyxonsx/TkaHax/opraHax

Table 3 | Expression profiles of tumour-associated carbohydrate antigens on malignant tissues

Tumour Tumour-associated carbohydrate antigens*
sLex Le* sLe® Le® sin Tn TF Ler GlobcH PSA GD2 GD3 FucosylGM1 GM2

B-cell lymphoma ND ND ND ND ND ND ND ND ND ND v ND ND v
T ND  ND / ND Y Y ND ND ND  ND /
Colon ND ND v ND v ND v ND ND ND ND ND <
Lung v ND ND ND v ND ND v ND ND ND ND <
Melanoma ND ND ND ND ND ND ND ND ND ND 4 7 ND v
Neuroblastoma ND ND ND ND ND ND ND ND ND v v v ND <7
Ovary ND ND ND ND v ND v v ND ND ND ND 7
T ND ND ND ND /s v ~ ND ND ND ND  ND /
Sarcoma ND ND ND ND ND ND ND ND ND ND v v ND 7
Small celllung ND ND v ND ND ND ND ND o v ND ND e 7
Tiron ND v v v VR ND ND ND  ND /

Globo H, globohexaosylceramide; Le, Lewis; ND, not detected at given threshold; PSA, polysialic acid; s, sialyl; TF, Thomsen—Friedenreich; Tn, 2-6-a-N-acetyl-
galactosaminyl. *Antigens present on at least 50% of cancer cells in at least 60% of biopsy specimens based on REFS 191,192,



He3aBeplweHHoOe rnuko3unupoBaHue O-Ueneu: 40
aHTureHsol Tn, SiaTn («TynukoBasa» CTPYKTypa) u T
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BnocuHTe3 HekoTOopbIX O-rnukaHoB ¢ Kopamu 1 n

) polypeptide
Ser/
TZ\r
ab )
ppGalNACT ¢UDP[| o %e:/ Sialyl Tn antigen
]
ST6GalNAc

Tn antigen [ %]e:/ ) )
CMP-@ o6

( a 1S_ﬁr/ o Ser/
C1GalT-1 | " STeGalNAC| Thr
Gl "y Sy

o Ser/ ~ ST3Gall
Core 1 Thr
Tantigen _ /g3 ( uoP{ll )
B3GIcNACT-3 o Ser/ >< >
C2GnT ‘uop. Thr
B3 ~"p3 ( C2GnT

6 )
Core 2 . _?he:/
B3 (

[MGanUDPO

34
6 )

a Ser/
Thr

B

5 41



'Mnepakcnpeccusi raHrMMo3naoB

®" cer —> 0¥ @ ce — iﬁgﬁcﬁ
o3
& M3
B4 ~ B4 o B i
<
B4 o p
o3

Cer

GD3
a8

l

B4 o B
o3

97)0Ac-GD3
o8

q
NH,

34
o3

42

3
[Cer
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'Mnepakcnpeccusa HETUNMYHOU ANA YernoBeKa 43
N-rnmkonunHenpammHoBom Kucnotbl (Neu5Gce)

N-Acetylneuraminic Acid N-Glycolylneuraminic Acid
(Neub5Ac) (Neu5Gc)

» INyTb OuocnHTesza NeuS5Gce y HenoBeka He N3BECTEH:

(MyTauus dpepMeHTa rugpokcmunassl Npu nepexone ot NpMmMaToB
K YerloBEKY)

» VICTOYHUK — XXMBOTHaA nuLla (— BeretapnmaHcTeo?)
» BbipaboTka aHTuten npotne NeubGce

» Cnabblh MMMYHHBIN OTBET BbIrOAEH AS1A ONYXOS1N:
» YCuUnunBaeT XpOHMYEeCKoe BocnarneHue
» YCUNMMBAET aHIMOreHes



YBenuyeHue pasmepoB N-rnmkaHoB npu
oHkoTpaHcdopmaunn: GNT-IIl n GNT-V
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Selectins
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MyuuHbI Npy OHKOTpaHcgopmMmauunu: 45
pacTBOpUMbIE U MEMOpPaHHbIe

NORMAL CANCER

Mucins

\
.....

Secretion of
mucins into the
bloodstream



Bo3mMmoXxHble B3auMmoaeucTBUSA C cerieKTuHaMu

NORMAL PHYSIOLOGY

Activated
platelet

Activated endothelium

INVASIVE CARCINOMA
Secreted

/ mucin

Carcinoma A
cell .

Secreted

/ mucin

oi-Selectin QE-Selectin Q\L-Selectin

Selectin Carcinoma
ligands mucin




Bo3mMoXHble NyTU NCNONb30BaHUA YrneBoOoB

ANs Ie4YeHns paka

Disease pathway

Therapeutic opportunity

47

Examples of carbohydrate-based therapies

Biosynthesis of unnatu-
ral carbohydrates on the
tumor surface

Biosynthesis of unnatu-
ral carbohydrates on the
tumor surface

Biosynthesis of unnatu-
ral carbohydrates on the
tumor surface

Biosynthesis of unnatu-
ral carbohydrates on the
tumor surface

Raise antibodies to the tumor-
associated carbohydrate anti-
gens to develop a vaccination
strategy

Use antibodies generated from
the tumor-associated carbo-
hydrate antigens to deliver
agents to cancer cells

Inhibit the carbohydrate pro-
cessing enzymes

Inhibit the interactions of the
tumor-associated carbohydra-
tes with the lectin receptors,
to minimize metastasis

Carbohydrate antigens on protein carrier for
potential treatment of prostate, colon and breast
cancer; theratope (sialyl-Tn antigen conjugate
vaccine) for metastatic colorectal and breast
cancer

Ligand-targeted liposomal therapeutics

Naturally occurring aza and imino sugars, as well
as synthetic derivatives—inhibition of metastatic
tumors and tumor growth, as well as pulmonary
and colon cancers

Multivalent sialyl-Le* derivatives, as potential
antimetastatic agents



OHKOBaKLUWHbI

@—lﬁeﬂOK-HOCHTeHL + aABIOBAaHT

» BbiaBneHne nogxogdllero aHTureHa
» [In3anH MIMMYHOreHa n CMHTe3 BaKUMHbI
» IMMyHM3aUNA: aHTUTENbHBLIN U T-KMNEeTOYHbIM OTBET

48



MonunBaneHTHbLIN npoToTUN OHKOBAKUUHDLI
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MeauuunHckasa rmmkoounonorus

YrneBoaHble BaKLUUHbI

50



Ha nyTn K yrnesoaAHbIM BaKUMHaAM. aHTUIEeHbI

Bacteria
Neisseria meningitidis serotypes
A ab
P n
3/40Ac 3/40Ac WIS 029
n
B al8 7/8 Ohc 7/8 OAc
" Y ad
i« od a? n
[ 90Ac
90ACc
Fungi

Cryptococcus neoformans

A
P2l B2l B2l o3

O@@@ 0.0+

Parasites

o2

Plasmodium falciparum Trichinella spiralis
o]
1
3 P4 a3
O @ o PN~ p3 Pé]
d ) '

Leishmania

Shigella dysenteriae

ol ol al a4

)

Haemophilus influenzae

{y—oriboltp)s

Candida, Cryptococcus, Candida

Aspergillus fumigatus />
(o7

<0y &

6 W B2
6 B2
B3P B3 P3H P

Schistosoma

&)

a3 (if LDNF)

ad ab 3 ol ad ab
- 6P

4 B4
s VE/ d;gepw

Tumours
Globo H Fucosyl GM1 LeY TF Tn
B3 P3 od P4 a2 B3 ad p4 a2 f4 B3 OHF [
cer B3
a23
sTn 26 PSA a8

O Galactose & Sialic acid

Q© Mannose Tyvelose
Q Glucose

Glucuronic acid [ N-acetyl mannosamine 4\ Fucose
Tt Xylose f Furanose form [ Glucosamine 5 Rhamnose

[ N-acetyl galactosamine @ Ribose
H N-acetyl glucosamine @ Myoinositol 1,2-cyclophosphate
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An3anH rMUKOKOHBLIOraTHOro UMMYHOreHa

Sugar iﬂ o %
Halper T-cell papide + Fam,Cys

! o |

Protain conjgates l} Lipid conju gabas
g -
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CuHTeTnYeCKMe yrneBoaHble MMMYHOrEeHbI — 53
CyLLUEeCTBYHOLLUME UMK NOTEeHUUanbHble BaKUMWHbI

A Hib
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CuHTeTn4eckue yrneBogHble MMMYHOreHbl — 54
cyljecTByHOLWMEe Un noteHunarnbHble BaKUUHbI
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CuHTe3 yrneBoaHOro ranteHa Asns nepBou
cuHTeTn4yeckon Hib-BakumHbl (Kyba, 2003)

55

Scheme 8. Synthesis of Hib Capsular Repeating Unit 50 Used for Conjugation to Human Serum Albumin or Tetanus Toxoid
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JlnyeH3anpoBaHHbIe yrrneBoaHble BakuuHbl (CLUA

Table 1 | Licensed carbohydrate-based vaccines

Indication

Haemophilus influenzae type b (Hib)

Neisseria meningitidis A, C, Y
and W-135

Salmonella typhi

Streptococcus pneumoniae 4, 6B, 9V,
14,18C, 19F and 23F

Streptococcus pneumoniae 1, 2, 3, 4, 5,
6B, 7F 8,9N,9V, 10A, 11A,12F, 14, 15B,
17F 18C, 19F 19A, 20, 22F, 23F and 33F

Vaccine

Glycoconjugugate, polysaccharide with
tetanus toxoid (TT)

Diphtheria toxoid (DT), TT and acellular

pertussis adsorbed, inactivated poliovirus
and Hib—TT conjugate vaccine

Hib conjugate (meningococcal protein
conjugate)

Hib conjugate (meningococcal protein
conjugate) and hepatitis B (recombinant)
vaccine

Glycoconjugate, meningococcal
polysaccharide with DT

Meningococcal polysaccharide

Vicapsular polysaccharide

Pneumococcal polysaccharide
7-valent-CRM197 conjugate

Pneumococcal polysaccharide,
23-valent

)56

Manufacturer
(Trade name)

Sanofi Pasteur (ActHIB);
GlaxoSmithKline Biologicals
(Hiberix)

Sanofi Pasteur
(Pentacel)

Merck &6 Co
(PedvaxHIB)

Merck 6§ Co

(Comvax)

Sanofi Pasteur
(Menactra)

Sanofi Pasteur

(Menomune-A/C/Y/W-135)
Sanofi Pasteur (TYPHIM Vi)

Wyeth Pharmaceuticals
(Prevnar)

Merck 6§ Co

(Pneumovax 23)



YrneBogHble BaKUMHbI B pa3paboTtke

S5/

Table 2 | Examples of carbohydrate-based vaccines in development

Indication

Enterohaemorrhagic Escherichia coli
Group A Streptococcus spp.
Group B Streptococcus spp.

Haemophilus influenzae
(non-typeable)

Pseudomonas aeruginosa
Salmonella typhi

Shigella dysenteriae
Shigella flexneri

Shigella sonnei
Streptococcus pneumoniae
Vibrio cholerae

Aspergillus fumigatus

Candida albicans

Vaccine

O-specific polysaccharide—protein conjugate
Glycoconjugate of Group A polysaccharide with TT

Glycoconjugates of type la, Ib, I, lll and V polysaccharides
linked to carrier proteins

Subunit-detoxified lipooligosaccharide conjugate

Octavalent glycoconjugate of O-polysaccharide with toxin A
rEPA-Vi conjugate vaccine

O-specific polysaccharide—protein conjugate

O-specific polysaccharide—protein conjugate

O-specific polysaccharide—protein conjugate
Glycoconjugates of synthetic 6B polysaccharide motifs
Lipopolysaccharide—protein conjugate

B-Glucan—-CRM197 conjugate

Cell surface oligomannosyl epitope (various conjugates)

B-glucan—CRM197 conjugate

Phase of

development
Phase [**

Preclinical*®*®

Phase I*®*
Preclinical®®

Phase IlI*%®
Phase II[3-1#7
Preclinical*
Phase [[*®®
Phase Il[*%*
Preclinical®*

Phase I**°

Preclinical ®-%®

Preclinical®™®

Preclinical®™®®



YrneBogHble BaKUMHbI B pa3paboTtke

Cryptococcus neoformans

Leishmania spp.

Plasmodium falciparum

HIV-1

Breast cancer

Epithelial cancer

Melanoma

Prostate cancer

Glycoconjugate of capsular polysaccharide with TT
B-glucan—CRM197 conjugate

Lipophosphoglycan

Lipophosphoglycan conjugates
Glycosylphosphotidylinositol-KLH conjugate

Man a(1—2)Man oligomannosyl epitope (various conjugates,

engineered yeast strains and modified glycoproteins)

Unimolecular hexavalent conjugates|

(Globo H-GM2-Lewis*—sTn—TF-Tn-R)
sTn(c)-KLH plus QS-21 as adjuvant
Globo H-GM2-Lewis*-MUC1-32(aa)—sIn(c)-TF(c)-Tnl{c)}-KLH

conjugate vaccine plus Q5-21 as adjuvant
GM3NPhAc—KLH

Unimolecular hexavalent conjugates

(Globo H-GM2-Lewis*—sTn—TF-Tn-R)

TF(c)-KLH plus Q5-21 as adjuvant

Tn(c)-KLH and Tn(c)}-palmitic acid

Globo H-GM2—-Lewis*-MUC1-32(aa)-TF(c)-Tn(c)}-KLH

conjugate vaccine plus Q5-21 as adjuvant

58

Phase |*°
Preclinical®®®
Preclinical®
Preclinical®®
Preclinical®

Preclinical*”
113-118.165

Preclinical**®

Phase ¥

Phase I'¥

Preclinical®*?

Preclinical**®

Phase [**
Phase [***

Phase I1**



MeauuunHckasa rmmkoounonorus

AHTU-TNINKAHOBbLIE «eCTeCTBEHHbIe» aHTUTena
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AHTU-TNINKaHOBbLIE «eCTeCTBEeHHbIe» aHTUTena 60
yerioBeKa

» EcTb Bceraa, He3aBMCUMO OT BHELLHETO MUMMYHOreHa
» Peneptyap B HOpMe y BCeX N0AeN CXoaeH, ctabureH
» HuskoadpuHHbIE, n3otun IgM

» Hag3opHaa porb 3a:
> YYXKUM
» abeppaHTHbIM CBOUM

» Peneptyap n ypoBeHb MEHAETCS NPU NaTONOrUSIX




MnKo4yun — OCHOBHON UHCTPYMEHT 61

Individual glycans
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PenepTyap dHTU-TTIMKAHOBbLIX €CTeCTBEeHHbIX
dHTUTEJ1 YeJioOBeKa

VIHTEHCMBHOCTb donyopecueHunmn
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NMpodunu aHTU-rMUKaHOBbLIX €CTeCTBEHHbIX 03
aHTUTen 340pPOBbLIX JN0AEeN U OHKOOOSNbHbIX
HeMneHTMquI [601 186 31;R2’3587f65a;l;3re§99 301 208]

10° AT1/10 STR FITC (3) vs CD 45 PER CP (5)
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» [JMarHOCTUYECKU «YCUNNTENDBbY. BO3MOXKHA PaHHSIS
ONarHOCTUKa

» [1na anarHoCTukm 3Hadmmbl coBcemM HE xopoluo
N3BECTHbIE OMyX0NbaCcCoUMNPOBaAHHbIE aHTUMEHDI
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AHTuTena (IgM) K «kKopoBbIM» y4acTKaM rMuMKaHoOB

OEeAKH C

GPI-axopem

N- u O-FAHKOHPOTeHHbI

Bo¥,

@ -ci-nAcp

TNHNKOAHUIIHUADBI

@ c-NAca



M'MnoTte3a 06 aHTUTENax K KOPOBbIM Yy4YacTKaM: 65
3TO «HAA30pPHbIe» aHTUTEesa NPOTUB CKPbITbIX B
HOpMe 3MUTONOB

HOPpMaAbHAaA MEME’P‘&H& qTO-TO «HE TaK»



MeauuunHckasa rmmkoounonorus

AyTOMMMYyHHbIe 3aboneBaHus
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6/

MonekynsapHaa muMmukpua Campylobacter jejuni

GM1 ganglioside in nerve cell membrane

| | | |
Gle
Oligosaccharide Ceramide O

Oligosaccharide Lipid A @ Phosphate

Opyrov npumMmep — A3Ba xenyaka
(Helicobacter pylori): LeX, Le"
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AHTUTENna K rmmkonunuaam

Glycolipid

Pathology

Sulfatide

Neolactotetraosylceramide

Galactosylceramide

GalNAc-globotetraosylceramide

Sulfoglucuronylparagloboside
(SGPG)

Gangliosides

chagasic cardiomyopathy

diabetic neuropathy

leprosy

neuropsychiatric systemic lupus erythematosus
paraproteinemic neuropathy

sudden deafness

Guillain-Barré syndrome

primary biliary cirrhosis + neuropathy

chronic inflammatory demyelinating polyneuropathy
transverse myelitis

hepatitis

leukemia/lymphoma

idiopathic thrombocytopenic purpura

mixed connective tissue disease

systemic lupus erythematosus
neuropsychiatric-systemic lupus erythematosus
multiple sclerosis

Guillain-Barré syndrome

rheumatoid and osteoarthritis
leukemia/lymphoma

mixed connective tissue disease

paraproteinemic neuropathy
Guillain-Barré syndrome
chronic inflammatory demyelinating polyneuropathy

Guillain-Barré syndrome
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I'pynna CTpykTypa aHTHreHa Ha HasBanue Hanyume anturen y wenoseka OCOOEHHOCTH
KpPOBH IPUTPONMTAX U TKAHIX AHTHIeHA C JAHHOW IPyNNoi KPoBu KaK JIOHOpa
YHHBepCaJIbHbIH
0D Fucal-2Gal H aHTH-A + anTu-B
JIOHOP
A (1) Gal A antn-B PENNTHIEHTOB
Fucal-2 TOJBKO sl
B (I11) Gal B AaHTH-A pelHIHEeHTOB
Galal-3 T
AB IV 6 COBMECTUM
(1V) 00a HH TeX, HU APYTrux .




33 Cucrtembl

No.

001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
30

31

System name

ABO

MNS

P

Rh

Lutheran

Kell

Lewis

Duffy

Kidd

Diego

Yt

Xg

Scianna
Dombrock
Colton
Landsteiner-Wiener
Chido/Rodgers
H

Kx

Gerbich
Cromer

Knops

Indian

Ok

Raph

John Milton Hagen
|

Globoside

Gill

Rh-associated glycoprotein

Forssman

rpynn KpoBM

System symbol

ABO
MNS
P1
RH
LU
KEL
LE
FY
JK
DI
YT
XG
SC
DO
(6{0)
LW
CH/RG

XK
GE
CROM
KN

OK
RAPH
JMH

GLOB
GIL
RHAG

Fs Fs

Chromosomal location

9q34.2
4q31.21
22gl1.2—qter
1p36.11
19913.32
7934
19p13.3
1g23.2
18g12.3
17921.31
7922.1
Xp22.33
1p34.2
12p12.3
7p14.3
19p13.2
6p21.3
19g13.33
Xp21.1
2q14.3
1932.2
1932.2
11p13
19p13.3
11p15.5
15924.1
6p24.2
3026.1
9p13.3
6p21-qter

CD
numbers

CD235
CD240
CD239
CD238
CD234
CD233
CD99¢t
CD297
CD242
CD173
CD236
CD55

CD35

CD44

CD147

CD151
CD108

CDh241

12
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A(B)-HecoBMecTMMasa TpaHcnnaHTauus

npsimas
TpaHCcNMaHTauma N —_\ TpaHcnNaHTauus
pa3pelueHa 3anpeLieHa

OOHOPCKUN opraH
COAEPXUT aHTUTEHbI
A(B)

Yy peuunueHTa
HeT aHTU-A(B)
aHTUTEenN

y peuunumeHTa
ECTb antn-A(B)
aHTuTena

KOJIOHKa, creundgpunyeckm
yaanswowasn aitn-A(B)
aHTUTesa U3 KpoBMU



YpoBeHb aHTU-B aHTUTen B KpOBM NaLMeHTa C 4
«HemnpaBUIbLHO» NepecaXXeHHbIM cepaLeMm:
ANHaMUKa agcopouuun

o, ]
900_.
800
700
600..
500
400

300

200.L — —
100 accomodation

0 | o " .1 .1 J "
-10 10 30 50 70 90 110
days after heart transplantation

Relative titer (before Tx=100)




KceHoTpaHcnnaHTauusa 75
(nepecaaka opraHoB Mexay pa3HbIMU BUOaMM)
a-Gal anunton (Gala1-3GalB1-4GIcNAc-R)
pepMeHT QHTUTeH | aHTUTena K
aGal-TpaHcpepasa Galal-36al | Galal-36Gal
CBUHbA eCThb eCTb HeT
BLICOKUU
Yenoeek HET HET
YpOBeHb

TpaHCcreHHble CBUHbM
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KceHoTpaHcnNnaHTauusa: He TonbKo a-Gal aHTureH

= e @ @
Anti-xGal natural
antibodies Activated Non-uGal
complement xenoantigen
pathway oGal
| B cell ®
Pig endothelial cell- / ®
‘associated anticoagulant Actwated O Elicited
components (TFPI, TBM) c%z%ﬁ‘l’?:;n B noantibodies
B cell
Mool MR r— = T8
5 4 NKp4d
N / e
_— + % NKG2D ?
o O \r%n ™ ieps
Teell . Macrophage FerR v
+ SIRP-a
v
Galectin-3
Antigen- *
presenting cell CD47
¢ g Acute cellular
xenograft rejection

o A

Porcine endothelial cell g
aGal ('
Non-oGal xenoantigen

Xenogeneic antigenic epitope

Coagulation cascade proteins

Porcine endothelium-associated
anticoagulant molecules

Complement cascade proteins
Xenoantibody
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PekoMOWHaHTHbIE MUKOMNPOTEUHDI 78

Cucrembl aKcnpeccuu:.

* E. coli
* OPOXIXKU
* CHO

[MPOBJIEMbI:

(BO3HMKaOT, ecnu
FMUKO3NNMpPOBaHNE
HenpaBunbHOE, NN BOBCE
OTCYTCTBYET)

NMPUMEPDI:
Llepenasa (GlcCer-rntoko3nagasa)

* GM-CSF (rpaHynounT- makpodbar
KOSTOHNECTUMYNUPYIOLLNIA ddakTop)
* IL (MHTEpPNENKNHLI)

- EPO (3pnTponoaTtumH)

(. HET akTUBHOCTHU A
*HenpaBunbHas
doapMaKkoKUHeTUKa
*HECTabUNbHOCTb
'MMMYHOreHHocTb (aGal)

- J




Generic Designation
Agalsidase alfa
Agalsidase beta

Aldesleukin

Alefacept

Algulcosidase alfa
Alteplase

Anakinra
Anti-hemophilic factor
Antithrombin alfa
Becaplermin
Calcitonin-salmon
Chorionic Gonadotropin

alfa

Darbepoietin alfa

Denileukin diftitox

Dibotermin alfa
Dornase alfa

Drotrecognin alfa
(activated)

Therapeutic Protein
a-galactosidase A
a-galactosidase A
Interleukin 2

The extracellular CD2-binding portion of the human
leukocyte function antigen-3 (LFA-3) linked to the Fc
portion of human 1gG1

Acid glucosidase

Tissue plasminogen activator
Interleukin-1 receptor antagonist (IL-1Ra)
Factor VIII

Antithrombin

Platelet-derived growth factor

Salmon calcitonin
Chorionic Gonadotropin
Engineered erythropoietin with 2 extra N-glycans (long-

acting)

Diphtheria toxin fragments A and B (Met1-Thr387)-His
followed by the sequences for interleukin-2 (IL-2; Alal-
Thr133)

Bone morphogenic protein 2 (BMP-2)

Deoxyribonuclease |

Activated Protein C

CucremMbl 3KCNpPEeCcCUn: rMUKO3UIMpoBaHue?

Expression System
Human cell line
CHO cells

E. coli

CHO cells

CHO cells

CHO cells

E. coli

BHK & CHO cells
Transgenic goat’s milk
S. cerevisiae

E.coli

CHO cells

CHO cells

E.coli

CHO cells

CHO cells

Human kidney cell line (293

cells)

Glycosylation?
N-links [5, 6]
N-links [5, 6]

None

N-links [7]

N-links [8, 9]
N-links [10-13]
None

N-links & O-links [
N-links [16, 17]
None

None

N-links & O-links [

N-links & O-links [

None

N-links

N-links [23]

N-links [24]

79
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http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
http://www.springerlink.com/content/m1r78866g0m12n75/fulltext.html
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WHIrMOUTOPLI HeMpaMuHuaasbl
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CTpoeHue Bupyca rpunna

' [ EMarrmioTHHHH (H)

T HenpamuHwoaia (N)

% Frubonykneonporenn (RMNF)

]ﬁ Benok M2

+ Benok M1

flunnaHas membpaHa



XU3HEeHHbIU UMK BUpYyCca rpunna: MULWeHU aons 82
Tepanuu

Binding to the

X \:arget cell Release /

Zanamivir,
s oseltamivir

Haemagglutinin

g8 NI, Endocytosis Budding .\;':';':. I

9% b
Extracellular *3 ~ )’"Lk WS Sialidase
Cytoplasm :
Amantadine | AssemN
é
J- Feo Formation
(M2) —— of RNP
Protein synthesis
Amantadine

A= s
(r:\:ezhag-glutinin) l Fusion /synth95|s

Replication

cRNA
synthesis  (NSI, NS2, NP, M1)

(RNA polymerase)
x Ribavirg Nucleus A




UHrmbnposaHne HempaMuHnga3bl — OCTaHOBKaA 83
XXM3HEHHOro uMKria Bupyca rpunna

% Neuraminidase activity

B .
v

‘v .
’
llllllll

Release of
Receptor o
containing new virions
sialic acid :

e j,p 2 € W
: / = e S Neuraminidase
o - A Qs inhibitors
P L /D \
containing —— " - </
sialic acid A 2 % Halted
No virion :
C e »  viral
by e replication
Cell

membrane
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Bupyc rpunna: XXu3HeHHbIN LKN U UHTMOUTOPbI




MexaHn3M gencTtBusa HempamMmmHuaasbl BUpyca

rpunna

Enz . Eﬂf
o, e, H
v Co
EI_‘,L‘II[ e
e T T
HO H HO
H._
B
1
Enz
Enz. . ]I'.I'.lz
T~ | B:
e, “
=
H OH
0™ £
Sl A Hx: ___'x__jl_r#_.c:f_‘l;
HO H 1 : ,
HO I,r 0—n
3
1
Enz

' 0
.y -
H OH 9,0} _0o;

HO, . _—7 J' —p
S RL o/ HO—R

HO H HO B

|
Enz

Sialosyl cation

R=MNHAC

I

]nz
Enz
I Il ]!-"
H ff_‘l]] "'_".J—f"} 5
HO, A (:' TC0y
o ; I?...,

I[D H EI'Cl x()—EI

H ||3:

Enz

Glycosyl-enzyme intermediate

!

Enz_ . EI-“!
-~ Il H
g P
H OH a,n N co?
HO A w77
HO "H HO ;0—H
H ]I!- &
Enz
Sialosyl cation
3
C
H OH 0
HO._ ,.xf —/ 07 ~on
oW
HO % HO
1a
i on OH
o, A —7 o7 cof
e = R._.L i
HO H HO

1k




Relenza™ n Tamiflu ™:
«POACTBEHHOCTb» CTPOEHUS

OH OH
O —
Ho-L7 T T
AcHN
HN AcHN
FNH2+
H,N

Relenza™

+H,N

Tamiflu™
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I/IHrM6MTopb| HepaMnHMAas3bI Bupyca roynna

o—'R R
AcHN AcHN

HO OH HO OH
R = oligosaccharide sialic acid
COOH \ Z
AcHN COOH
HO NH AcHN
HoN
H2N
zanamivir (1) oseltamivir carboxylate (2)
|C50="" 1-4 nM |C50="" 1 nM
HZI:L
\ /HuN~ _NHCOOH
AcHN.Z peramivir (3)
| |C50 =~0.1-1nM
H OH




HenpamuHupgasa + nHrmounTopsbl

a
ARG 371
L/ TYR 406
ARG 118
{7‘ Il
‘} ARG 292
GLU 1191+

ARG 156 | *\"U A
O *x o
' ALA 246
ARG 152" | : j»»?(

" ) \SL/ ‘ARG 224
TRP 178 ILE 222
Relenza™ (zanamivir)
(4-guanidino-Neu5Ac2en)

ASN294
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ARG 371

»  TYR 406
ARG 118 /
‘J;T‘\r‘* ARG 292
GLU 119 _, |

.. ASN 24

ARG 156 ‘\Gw 20
GLU ‘o78
%LA 246

SP 151
z « ,L
/ARG 224

TRP 178 H—/LE -

De-esterified Tamiflu™
(oseltamivir)

ARG 152



NMangemua rpynna

89



90

Pe3nUCTeHTHOCTbL BMPYCOB rpumnna K npenaparam

Tabnuua 1. CeBOAHbIe AaHHbIE 0 NpeobnajgaHun YCTOMYMBOCTU K
NPOTUBOBUPYCHbIM NpenapaTtaM y UMPKYJIWMPYOWKWX B HACTosALWee BPEMA BUpycax
Ce30HHOro rpunna B Te4yeHue cesoHa 2008-2009 B ceBepHOM nonyLwapuu,

% YCTOWYMBbLIX K MPOTUBOBUPYCHbIM NpenapaTtaM W30NATOB U3
Yucna NpoTeCcTUPOBAHHBIX BO BCEM MUpe (KONMUYECTBO
NPOTECTUPOBAHHbBIX M30NSATOB)

03enbTaMUBUp 3aHaMUBUP ajamMaHTaHb
Ce30HHbIM

rpyMnn Tuna 96% (3902) 0% (447) 2% (1821)

A (H1N1)

Ce30HHbIN

rpunn Tuna 0% (1027) 0% (724) 100% (1150)
A (H3N2)

Bupyc

rpynna 0% (703) 0% (621) -

TMNa B



YctonumnBocTtb BupycoB rpunna H1N1
K o3enstamuBupy B CLLUA

91

100 = =
e fﬁf
—
E_D_
-2
g 807
[
it
o
g 40
o
201 l
i
Adamantana (H3N2 wn.ﬂ:__}___ﬂ. Oseltamivir (H1N1 virus) 4
.,-'-""-'d_ ___,_d—F'd_'_
0 a— & ® .o
2002-2003 2003-2004 2004-2005 2005-2006 2006-2007 2007-2008 2008-20049
Resistance Among [solates by Influernza Season
Adamantana, MNo.
Hesistant isolates 3 9 Q2 193 MA 524 49
lzolates tested 174 465 B36 2049 395 625 49
Oseftamiar, No.
Hesistant isolatas 0 4 111 264
lsclates tested A oBEB 1020 268



Pesynbrat MmyTauum — pe3aMCTeHTHOCTb:
3aHamMMBMP CBA3LIBAETCS, @ 03eNLTaMUBUP HeT

Neuraminidase activity

Release of

Receptor
containing —
sialic acid

new virions

Nucleus

Neuraminidase

I Q{ inhibitors
rrn? Receptor \

containing —— &4 d

sialic acid

No virion Ha'lted
- -' ----- > vlral
e o replication
Cell
membrane

c Zanamivir D Zanamivir

Oseltamivir

Host cell ‘ Oseltamivir \4

acid acid x

-

\/ \ 4 v
* R292K

Viral H274Y

Virion %
evolution N294S




UHriMbuTopbl, KOBarieHTHO CBA3bIBAlOLLMECH C 03
HepaMnHMAOa30oU («CIIOMaHHbIN KI0Y B 3aMKe»)

\\\' I

Binding via
Hemagglutinin
Sialic acids OH
: Neuraminidase Hemagglutinin H Y (o) 0 /35

0
' . §(Ho HO
| Neuraminidase actlon: | CH
: * Cell surface

Sialic acid ()
hydrolysis ,
Inhibition of neuraminidases || H  o. .OM
H S
ou Nz Lopad "
‘ HO HN
CH, NH
H;N
i Mechanism-based
Release via inhibitor (.' J

Neuraminidase



UHrmbuTopbl, KOBarieHTHO CBA3bIBalOLLMECH C 04
HeﬁpaMMHMnasov’l (“mechanism-based inhibitors”)

A H3C
5+ H3C\l
AcHN-S AcHN-Z AcHN $ AcHN OFEt
HO HO HO HO N®
Cell surface Neuraminidase NHZ
sialic acid transition state Zanamiwr Oseltamivir
B

OH
HO o
Neuraminidase . o O
[—. >
x $ e T AcHNSS s
DFSA (1) : ki HO HG O
F

TRAPPED INTERMEDIATE




WHrmbunTtopbl, KOBaneHTHO CBA3bIBalOLMUECS C 05

HenpamuHuaasoum (“mechanism-based inhibitors”)
B

%

Neuraminidase
+

DFSA (1)
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Kak bopeTca Haw opraHu3am ¢ natoreHamm?

OH
li >’ -
lo] 0 \\OH H/ H
H,OH
H 0O°S
GIcNAc

Hy H LACTO-N-FUCOPENTAOSE |

» MyuuHsl,
onurocaxapubl MONoka,
CEKPETOpHbLIE aHTUTENa
IgA (sIgA) n gp.

» «JloByLLKN»-Makpodharu

CHoOH

H H OH
Glc

(o] OH H H

H

H OH

» OBOMIOLIMOHHbIE
N3MEHEHMNA YrNeBOOHbIX
Lenemn:

B YaCTHOCTU, aHTUIrEHOB
ABO u” KceHo-aHTUreHoB;
nosiBNeHue
COOTBETCTBYHOLLMNX
aHTuTen.

LACTO-N-FUCOPENTAOSE Il

LACTO-N-FUCOPENTAOSE IlI



Pa3sHoOOpa3ue Kak 3BONOLUOHHbLIN NYTb 08
BbDKMBaHUSA YenoBeKa, UM 3a4eM HYXHb
rpynnbl KpoBu?

» MexxBupgoBble pa3nnyus:

» AHTUTENa K KceHo-aHTureHy Galal-3Gal — ato bapbep ans
BUPYCHOW MHAQDEKL MU XXNBOTHOE — YEeroBeK
(BUPYC NCMNOSb3YET MUKO3UMMPYIOLWLUIA annapart KNeTKu-
X0341Ha)

» BHyTpuUBUAOOBbIE pa3NNYus:

» AHTUreHbl rpynn Kposu (Hanpumep, cuctemol ABH) kak
peuenTopbl aare3uun, AensaTcs bapbepom Ans
BHYTPUBUOOBOIro MHOULMPOBAHUS.



FEHbI, OTBETCTBEHHbIE 3a rpyrnny Kpoeu

A-TpaHcdpepasa:
aoHop - GalNAc-UDP

B-TpaHcdepa3sa:
aoHop - Gal-UDP

®eHo- | Arrnio- AMWHOKUCNOTHaA 3aMeHa B
TMN | TUHaAUMA depmeHTe
A, A .
A, 156(Pro->Leu)
A, 291(Asp—>Asn)
Ay 216(Phe->lle)
cis-AB 156(Pro—>Leu), 268(Gly->Ala)
B(A) 176(Arg->Gly), 266(Leu->Met),
268(Gly->Ala)
= B 176(Arg->Gly), 235(Gly->Ser),
266(Leu—>Met), 268(Gly->Ala)
0 CABUI PaMKU CUMTbIBaHUA
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KoHeu nekuumn 7

https://lyrneBoabl.su



Cnucok pekomeHAyeMou nutepaTtypbl 101
Bce pannbl — Ha canTe yrnesoabl.su [laponb: ****

IN ENGLISH:

6. Essentials of glycobiology, A. Varki et al. (Eds.), 39 edn., 2017.
OTKpbITbIN AoCcTyn K KHUre (https://www.ncbi.nlm.nih.gov/books/NBK310274).
[octyneH dgoann 1-ro nusganma (1999).

7. Comprehensive Glycoscience. From Chemistry to System Biology, 2007.

9. Handbook of Chemical Glycosylation: Advances in Stereoselectivity and

Therapeutic Relevance, 2008. [nasa 1: Chl_General Aspects.

42. 1. Robina, et al. Glycosylation Methods in Oligosaccharide Synthesis. Curr.
Org. Synth., 2008. JocTtyneH cdann obobLatowero ob3opa (2005; 75 c1p.).

MO-PYCCKMU:

3. T.C. Opeukasi n gp., MoHo- u ducaxapuosi, 2010, TT. 1 n 2.
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15. A. ®. boukoB n ap., Yenesoos:. 1980.
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