bnoapmaueBTUKa, 3aHATHNE 7
[TonunenTuaHbIe TOPMOHbI.

MHCYNWH, rmioKaroH,
COMAaTOTPOMUH, FTOHAAOTPOMUHDI

UBaH U. BopobbeB, K.X.H.
ptichman@gmail.com




[ ODMOHBI

* [OPMOHbI — OMONOrMYECKN akTUBHbIE BELLIECTBA,
BblpabaTtbiBaloLLMECS B CrieLnanm3npoBaHHbIX KIeTKax
XKenes3 BHYTPEHHeN cekpeunmn, nocTynarLime B KPOBb U
OoKasblBatoLlme perynupytoLiee BrnssHMe Ha obmeH
BELLEeCTB U ousnonornvyeckne pyHKLnu.

« [OpMOHbI Crny>kaTt rymopanbHbIMU (MEPEHOCUMbIMU C
KPOBbIO) perynsaropamu onpeaenéHHbIX NpoLeccoB B
pPa3nNYHbIX OpraHax u cMctemax.

* [lonunenTuaHblie rOPMOHbI — Oenku 1 NoNUNenTUabl,
BbIMOMNHSAOLLNE YHKLMIO FTOPMOHaA.
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CaxapHbin anabet Tun |

Bbi3biBaeTCA ayTOMMMYHHbIM NOpaXeHnem beTa-
KNEeToK Noa)kenyngoyHou xeneabl, MPUYnHbI
Pa3BUTUA ayTOUMMYHHOU peakLUnn HEACHLI, eCTb
reHeTmyeckas npegpacnorio)KeHHOCTb,
CBsi3aHHaA C MHOMMMW HECBA3aHHbIMWN MeXay
coboun mapkepamu

OObIYHO BO3HUKAET B AeTcTBe, YacTtoTta 0,1-0,3%

TpebyeT NOCTOAHHOMN 3aMECTUTENBLHON Tepanun
npenapartamu MHCyNnHa

MKB-9 250.01



CaxapHbin gnabet Tmn 2

MHCYNH Nnpon3BoanTcAa B HOPpManbHbIX
KOnmyecTBax, HapyLlaeTca MexaHu3m

B3aMMOAENCTBUA MHCYNMHA C KNeTKkamMu
opraHm3ma (MHCYNMMHOPE3NCTEHTHOCTD).

EcTb reHeTU4ecKasi npenpacnorioXeHHOCTb,
OCHOBHOW baKTop NpeapacrnorioXXeHHOCTU -
OXXNpPEHMe

OObIYHO BO3HUKAET nocne 40 neT, YyacTtoTta 2-12%
B 3@aBUCUMOCTM OT nonynsauum

MNHCYNH ncnonb3yeTcs Kak NoCnegHAs NMHUs
Tepanum

MKB-9 250.02



John McLeod Frederick Sanger
Nobel Prize 1923 Nobel Prize 1958

* Polypeptide hormone, 7700 Da.

* Produced by B-cells in pancreas.

* Discovered in 1921 by the group of
John McLeod.

* Successfully used for human
therapy in 1922, manufactured at
large scale in 1923.

e Structure determined by Frederick
Sanger in 1955.

* First recombinant protein drug (Eli

Asn_ Gin _ His Lilly, Genentech).




CTpyKTypa MOMEKYrbl MHCYIIMHA
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KOMMNMeKC MHCYMNHa C
peLEenToOpoOM

FRONT Fn, SIDE

-

Insulin

ABOVE Site2 Site 1

ACTIVATION SCHEME

"

site " Site 17 Py A
Ue \

1 Site 1 Site 2’ . ®
b JAY Inactive receptor "
¢ 4 conformation 2

Receptor molecules in
'®-) doi: 10.1038/msb.2008.78 site 1 Site 2’ the active state




|_|yTI/I nepenadn CurHasa ot peuenTtopa MHCyYJrinHa

Ligand ’\‘
a » IGF-IR/IR

MAP kinase pathway Pl 3-kinase pathway

Bl (B

S
5D .
h
IRS1-4Y'{p8
c.
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IRS1-4 Sy \ g
'/’ ;' r \\
* 227 M7 Giycogen A 1V
synthesis p T
/ \?7? Gsk3 gL\ N
c:flo?;on Glucose . H ‘
pro transport \ Apoptosis
(GLUT4) ' ‘ )

Protein Cellular
synthesis  proliferation
(S6 kinase)

Y \J

~- Cellular proliferation
e Apoptosis DOI:10.1159/000063469

Common transduction cascades activated by the IGF-I and insulin receptors (IGF-IR and IR, respectively). Activation of the IR or IGF-IR kinase results in receptor autophosphorylation and tyrosine
phosphorylation of several substrates such as insulin receptor substrate (IRS) proteins and the protein, Shc. Once activated, IRS and Shc serve as docking proteins for Src homology 2
(SH2)-domain containing molecules such as Grb2, the p85 subunit of phosphatidyl-inositol-3"-kinase (Pl 3-kinase), Nck, Syp and Fyn. Grb2 via Sos stimulates the activity of the Ras and
mitogen-activated protein (MAP) kinase pathway which involves Raf-1 and extracellular signal-related kinase (ERK)-1/2. The binding of the p85 and p110 subunit of Pl 3-kinase to the IRS family
generates phospholipids that participate in activation of 3-phosphoinositide-dependent kinase (PDK) 1 and PDK2 and promote membrane translocation of AKt. PDK1 and PDK2 phosphorylate
AKt at Ser473 and Thr308 resulting in its activation. Downstream targets of AKt include glycogen synthase kinase (GSK) 3, p70S6 kinase, glucose transporter protein (GLUT) 4, Bad and nuclear
targets. AKt activation is regulated by several lipid phosphatases such as the protein tyrosine phosphatase, PTEN, or 5' lipid phosphatases. JNK = Jun kinase; MEK and SEK1 = MAP kinase (MAPK)



Table 11.2  Selected genes whose rate of transcription is altered by binding of insulin to
its receptor. In virtually all instances, the ultimate effect is to promote anabolic events
characteristic of insulin action. Two-dimensional gel electrophoresis has also pinpointed
dozens of proteins of unknown function whose cellular level is altered by insulin

Protein class

Gene product

Insulin effect (T or
in transcription rate)

Integral membrane
proteins

Enzymes

Hormones

Transcription factors

Insulin receptor
GH receptor
Glucose transporters

Fatty acid synthetase

Glutamine synthetase

Pyruvate kinase

Fructose 1,6-bis-phosphatase

Phosphoenolpyruvate
carboxykinase

Glucokinase

IGF-1
Glucagon
GH

C-Myc
C-Fos
egr-1

N
T
T

DD e D e




VicTopus npon3BoaCcTBa
MHCYINHA

AicxoaHbIM cnocob Npon3goacTBa — 3KCTPaKLUA 13
NOKESNYOO0UHbIX Xenes3 ObIKOB U CBUHEN,
XpomaTorpadguyeckasa o4ncTka, Kpucrtannmsauus,
CMeLInBaHue

[TonycnMHTETUYECKNUN NHCYNUH — oTAeneHune Ala30 oT B-
Llenn CBMHOIO UHCYNNHA U npucoeguHeHmne Thr

VHCYNWH crb — pasgenbHas akcnpeccus Lenen nHeynmHa
B E.coli, ouMCTKa ueneun, cMmewnmBaHne n pedonguHr

NHCYnuH prb — akcnpeccusa NpouHCYnuHa, yaaneHune C-
nenTnga npoTemHasamm

Tekywmn ypoBeHb NOTpebneHnsa NHCynnHa — okono 5000
Kr B roq



Cxema nNpoun3BoacTBa UHCYIKMHA prb

Fermentation

Cell recovery,
homogenization,
refolding of proinsulin

V

Crude proinsulin

Primary purification,
e.g. crystallization

V Enzymatic

Partially purified proteolysis

Highly pure insulin

N
RP-HPLC

Purified insulin

and gel filtration

A

Ion exchange

>

proinsulin

Crude insulin
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ObpalleHHoda3oBas KOMOHHA
nponssoactea NovaSep ans puHuwHoOn
OYNCTKM MHcynuHa. O6bem 180 N, eMKOCTb
—1200r.

Linkn paboTbl BKMOYaeT 3arpysky
nonynpoaykTa B KUCNOM BOLHOM pacTBope
N rpagueHTHYIO 3NHOLMI0 PaCTBOPOM
aueToOHUTPUIAa N YKCYCHOW KUCNOTHI.
Bpemsa umkna — okono 1 4. OCHoBHble
oTaensiemMble NpuMecu —
Ae3amMmanpoBaHHbIM U OKUCTEHHbIV
NHCyNuH, Beixog ctagun bonee 95%,
cTeneHb OYUCTKM OKOSo 5.



BapunaHTbl NeKkapCTBEHHbLIX POPM
MHCYNNHa

Table 11.4 Some pharmacokinetic characteristics of short, intermediate and long-acting insulin
preparations

Onset (hours after Peak activity (hours
Category administration) after administration) Duration (h)
Short-acting 0.5-1 2-5 6-8
Intermediate-action 2 4-12 up to 24
Long-acting 4 10-20 up to 36

« KopoTkogencTtByoLne NHCYNNHBI — pacTBOp A4 n/K nnn B/Mm BBeAeHUS

» [lonro gencreyoLLNE UHCYNUHBI — CYCMEH3NS KpUCTanfoB ¢ MOHaMM LMHKA
NN KOMMMEKChI C WeNOoYHbIMUY nonunenTunaamm: NpoTaMuH-Zn-UHCYNUH U
MHCYNWH-n3ogaH



Insulin variants

Recombinant DNA insulin analogue preparations (EU)

Insulin aspart NovoRapid Novo Nordisk Rapid-acting
Insulin glulisine Apidra Sanofi-Aventis Rapid-acting
Insulin lispro Humalog Eli Lilly Rapid-acting
Insulin detemir Levemir Novo Nordisk Long-acting
Insulin glargine Lantus Sanofi-Aventis Long-acting
Aspart/protaminated NovoMix Novo Nordisk Pre-mixed
aspart

Lispro/protaminated Humalog Mix Eli Lilly Pre-mixed
lispro

S. Heller, P. Kozlovski, P. Kurtzhals, Diabetes Research and Clinical Practice, 78 (2007) 149-158



MoagndpnuymnpoBaHHbIE BapUaHTh
MHCVYINNHa

L3
C1d-FA Dy C

Fast-acting analogues Long-acting analogues
Insufin lispro . Insulin aspart Insulin glargine ‘ Detemir insulin

Nature Reviews | Drug Discovery

Nature Reviews Drug Discovery 1, 529-540 (July 2002) doi:10.1038/nrd836



[ noKkaroH

[lenTuaHbI FOPMOH 29 akK,
CEeKpeTupyemMbiv anb@a-KneTkamu
noa)kenyngovHou Xxernessbl

AHTaroHUCT MHCYNMHA — Bbl3blBaeT
yBeNnnyeHme ypoBHS IMHOKO3bI
[Toka3zaHunsa — Taxenas rmnornnkeMums,
nosa-—1 mrn/k, B/m unu 8/B.
PekoMOWHaHTHbIW rMoKaroH Npon3BoaaT
Npuv NOMOLLM OPOXKKEWN S.cerevisae,
nekapcTBeHHasa doopma — nmodoununsar no
1 Mr C 49 MI NakTo3bl




Figure 4 The role of glucagon and the glucagon receptor in the liver.
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[ OPMOH pOCTa YenoBeka

If\f\l\ AT /AT V\/A\T14al I\

Puc. 2. lNpocTtpaHcTBeHHasa cTpykTypa ['PY. Lindopamm ykazaHbl HOMepa OCHOBHbIX
anbda-cnmpanbHbIX ydacTkoB. Cant 1 n cant 2 — COOTBETCTBYHOLLIME CaNThl
B3ammogencteuna ['PY c peuentopamun.



rPEJIVH

COMATOCTATWH
GHRH
GHRP-1 rmnoouns

GHRP-2

[armian

GHRP-6

TUMYC ?

3

N3LO0N I9HOE 31980.100d

SN~ 8 [ 7
MOMKENYLOYHAS A
KENE3A MOYKY ‘ %’m””oumb'

Puc. 3. Cxema ceTn ropMmoHanbHOW perynaummn, ceasaHHon ¢ ['PY. AkTnBauus
CeKkpeLum COOTBETCTBYIOLLIMX TOPMOHOB 0603Ha4YeHa KPY>XXKOM, MHIIMbupoBaHmne —
BEPTUKASIbHOW YepPTON.



Puc. 4.
[MpocTpaHCcTBEHHASA
CTPYKTypa KOMMJiekca
PY-TPYP 1:2.

A — npoekKuus,
NpmMbnmxeHHas K puc. 2,
C-KoHUeBble JOMEHbI
BHEKITETOYHbIX Y4aCTKOB
['PYP yoaneHsl.
Ob6o3HayeHbl N- n C-
KOHUbI PY. b —
NpoeKkunsa BOOMb OCU
ny4yka anbda-cnmpanen
['PY. N- n C- koHub! 'PY
yaareHbl oT
HabnopaTens, cant 1
HaxoguTcsa crnpasa.




AHTaroHMUCTbl COMaTOTPONMHA

* [lerBucomaHT (ComaBepT) — aHTAroHUCT
peuenTtopa [ PYH gna tepanun
akpomeranumn, nunodpununsat 10, 15, 20 mr

Amino Acid Sequence of Pegvnsomant Protein
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MeTabonunyeckne apdeKkThbl
COMaTOTPONuHa



TepaneBTn4yeckoe NpuMeHeHune

coMaToTpOnMHa

* OCHOBHbIE NoOKa3aHuda — runodounsapHbIn
HaHM3M (~1:5000), cnHgpom
LLlepeLueBckoro-TepHepa, XxpoHn4eckasd
noyeyHasa HeOOCTATOYHOCTb

* [lppmeHeHune — 1-2 mr/m2/0 oo
OOCTUXEHUA HOPMAanbHOIo pocTa.

 JlekapcTBeHHble OpMbI — NIMOPUNU3aT
UNM pacTBop Ana B/M Unun n/K UHbEKLUMNW.

» CnocoObl nony4yeHunsa — E.coli, S.cerevisae,
CHO



[ OPMOH pocTa YenoBeka — «PactaH»

NpuMeHeHHbIe

MeToAbl

CUHTETNYECKNN TeH,
ONTUMU3NPOBAHHbIN
ans E.coli Bu
nrasmMuUaHbIN BEKTOP C
npomMoTopoM T7lac

MHoronapameTpudeckn
N aHanus npouecca
pedonguHra

depmeHTaTnBHOE
otaeneHne N-KOHLUEBOro
ocTaTka MeTUOHWHa

TpexcTagnnHas
XpomaTtorpadunyeckas
O4nCTKa

HocTurHyTtble
nokasaTtenu

NPOAYKTUBHOCTb
BGuocuHTesa >0,3 r/n npu
KyNbTUBMPOBaHUM B
konbax, >1r/nB
doepmeHTEpPE

BbIxog ctagun >70%

<0,5% ocTaTto4yHOoro
Met[-1]PY

Bbixog rotoBoro
npoaykta >40%; <3 Hr/Mmr
ocTaToYHbIX 6enkoB
E.coli

1 4
r =

| 2
-

3
-~

AHanuns B 12% ACH-NAATI 6uocuHTesa, BbiaeneHNs U OYUCTKU
plPY. dopoxkn 1, 2 — TotanbHbii 6enok E.coli BL21(DE3)/pES1-6
nocne Aaeyx YyacoB nHaykuum 1 mM UMTT npu nepBom n Wwectom
nocnegoBaTerbHbIX Naccaxax Kynstypbl. [lopoxka 3 — OYULLEHHbIE
TenbLa BKNOYeHUs; gopoxka 4 — [Met-1]pl'PY nocne pedgonantra;
nopoxka 5 - [Met-1]pl"PY nocne aHnoHoobmeHHON XxpomaTtorpaduu;
OOpOoXKa 6 — NONMHOCTLI0 oumLeHHbIN plrPY. Okpacka Kymaccu cuHmm.

o)
Pactau®




MHCcynnHonoao0bHbIN dpaKkTop
pocTa

NDP-1, comaTtomeanH. 70 ak B OAHOWU LUENN C TPEMSA
OUCynbMUOHbIMU CBA3AMMU, 7,6 K[la

OCHOBHOWN 9HOOKPUHHBLIVM NOCPEeaHUK COMATOTPONMHA

CUHTE3upyeTCcs renatounTamMmm B OTBET Ha aKTMBALMIO
peuenTopa comaTtoTponuHa, obecneymBaet
donsnonornyeckme ap@eKkTsl comaToTponnHa B
OOSIbLUMHCTBE TKaHEN

ObecneunBaeTt 0bpaTHYO CBA3b C rMnoTanamMycom u
rmnousom — Hegoctatok MOP-1 ctumynupyet
BbIpabOTKy COMaTOTPOMUH-PUSTUSUHT-TOPMOHA, U3BObITOK -
comartocTaTuHa



Peuentop NOP-1

TProtein Synthesis

TGene Expression

491 Wig1la | ¥isg i

TCell Proliferation
Nucleus

Source: Endocr Pract @ 2010 American Association of Clinical Endocrinologists




INlekapcTBEHHbIE CpeacTBa
NOP-1

2 BapuaHTa NNPP-1 — Myotrophin U Increlex

* Increlex — MHOrogo30BbLIN (PJTAKOH C
pacTBOpPOM AN N/K npuMeHeHuns, 10 mr/mn

 [lokaszaHna — 3agepkka poctay Aeten c
nedpunumtom NOP-1, neneunsa reHa
COMaTOTPONMHA U HEUTpPanuayoLwne
aHTUTENa K CoMaToTPONUHY

 [lo3npoBka — 40-80 MKI/Kr ABa pa3a B ieHb
00 JOCTMXEHUA HOPMaribHOro pocTa



NPP-1 cBa3biBarOLLME Oenkn

* IGFBP (Insulin-like growth factor-binding protein), 7
reHoB, OCHOBHOW — IGFBP-3, oT 24 00 45 k[la

« CBs3bIBatoT npaktnyecku secb MOP-1 n NOP-II, B
TOM 4YUMCIEe B NeYeHun

 Komnnekc MOP-1 co cBa3biBaOWMM OENKOM
ny4ylle y3HaeTcsa peLuenTopoM, B pasHbIX TKAHAX
aKTUBHbI pa3fnyHblie IGFBP

 JlekapcTBeHHOE cpeacTBO Mecasermin rinfabate
(IPLEX) — komninekc NPP-1 n IGFBP-3

 [lo3BondeT yMeHbLWNTb M’MNorinkeMmyeckmne
npossneHns NPP-1, nokasaHus -
aMUOTPOdOUYECKUN NaTepanbHbIX CKIIepPo3



CeMencTBo roHagoTPONMHbIX

rOpMOHOB
e OONNUKYNOCTUMYINPYHOLWLUN TOPMOH —
PCr, FSH
* JltotenHmnanpyrowmm ropmoH — J1I, LH
« XopuoHunyecknuun roHagotponuH —XI, CG

« PaHee k roHagoTponuHam Npu4nCisnu
NPONakTuH

« OCI nJII BbIpabaTtbiBalOTCSA rmnodoun3om,
XI" - nnaueHTOM
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OonnuKynocTUMynupyroLmnin

rOpMOH

OCI, Il n XTI —retepoanmepsbl, cogepkar oLyt
anbda-uenb 92 ak n cneyndunyeckne beta-uenm okosno
110 ak, o6e uenu N-rnmko3nnmpoBaHbl, no 2
onurocaxapuga Ha uenb

PekombuHaHTHbIN ®CI nonyyatoT B KneTkax CHO, nytem
aKcnpeccumn AByX OTAESbHbIX FreHOB

JlekapcTBeHHbIe cpeacTBa — PONNUTPONUH anbda,
doonnutponuH beta

JlekapcTBeHHbIE POPMbI — MMODUNN3AT N KApPTPUOKM ANg
LLUNPUL-pYyYeK C pacTBOpPOM 80 MKr/Mn A4ns n/K unu B/m
BBeEHUS

TUNMYHBIN KypC Tepanun Npyu CTUMyNAUumM OBynAUumn —
5-20 003 MO 15-25 MKr e)KeAHEBHO
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Fig. 3. Separation of the N-glycans of r-hFSH by HPAEC. Evidences of differences in sialylation levels for two r-hFSH batches
with different biospecific activities: (A) r-hFSH batch with a high biospecific activity; (B) r-hFSH batch with a low biospecific
activity. Triangles.sialic acid; closed circles.galactose; closed squares.N-acetylgalactosamine; open

squares.N-acetylglucosamine; open circles.mannose. The attribution of the
glycan structures to the peaks is deduced from MALDI-TOF mass spectra.

DOI: 10.1093/glycob/cwg020



IHOeKc 3apana rmmkaHoB

e 7=A *0+A no)*1+A(di)*2+A(tri)*3

(neutral) (mo

+A,  FA+A *5.

(tetra) (penta)

e [1Nna PCI o4eHb BbICOKUN Z — HN3KAS
O1OaKTUBHOCTb, DOSbLLOE BPEMS
NonyBbIBEOEHUS

* CpeaHun Z — BblcOKasa bO1MoakTUBHOCTb, Marioe
BpeMSs NonyBbIBEAEHUS

e HU3KMN Z — HNU3Kasa bMoakTUBHOCTb, Masoe
BEPMS NOSTyBbIBEAEHUS
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Plasma concentrations of immunoreactive follicle stimulating hormone (FSH; 1U/1) in Beagle dogs
(n = 2) after single i.m. injection of rFSH isohormone fractions with pi's ranging from 4.27-5.49 and
starting material at a dose level of 20 IU/kg in terms of FSH immunoreactivity determined by

FSH'enZyme Immunoassay. Molecular Human Reproduction vol.2 no.5 pp. 361-369, 1996
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Cneaytoulee 3aHATME 8

benku cuctembl remocTtasa u
TepaneBTuyeckmne doepMeHTHl.

Kackag ceBepTbiBaHUS KpOBU, 6enkoBble dakTopbl CBEPTbIBAHUS
KpoBu, remodounus, ButamunH K-saBmucumble 6enku, MeToabl BUPYC-
NHaKTUBaL MK BMonorndecknx cyoctaHuum.

Kackag donbpuHonunaa, rmpyauH, AT-lll, TKaHEBOW akTUBaTOpP
nrasMMHOreHa, CTpenToKnHasa, ypokuHasa.

Kackag cBepTbiBaHUSI KPOBU U OCTPOE BOCMarieHune,
aKTUBMpoBaHHbIN 6enok C

BpoxaeHHbIn gedpuunTt epMeHTOB U OCTPble COCTOAHUS,
Tpebyowme Tepanum pepmMmeHTamu, acnaparmiasa, [JHKasa |,
rnokouepebposngasa, ranakrosngasa, ypatokcmuaasa, Cyrnepokcma
oucMyTasa, nakrasa



