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TMA: Ha4yano nayyeHuma

XIX Bek

34BUH Knebc, no-
BUAMMOMY, Obla MEPBbLIM,
KTO  onucan  Haaun4yue
TpomboB B MENKNX
cocygax npu  OBLIMPHbIX
OXKOrax.

Klebs: Handb. d. path. Anat.
Berlin, 2:114, 1868-1880

B 1875 roay, Leonard Landois
OOHApPYKUA, 4YTO WHBEKUMA
YYXKOM  KPOBW  Bbi3blBaeT
MHOEeCTBEHHbI M
KanuanspHas Tpomb603.

Landois: Die Tranfusion des Blutes,
Leipzig, 1875, p. 225.

1900-1910rr.

BakTtepunanbHbie MHEKUUU SBNAIOTCA

NPUYMHAMM pacnpocTpaHeHHoro
Tpomb03a MeNIKUX BHYTPUOPFraHHbIX
COCYAoB;

JKCNepUMeEHTaNbHbIN Tpomb603
BbiI3BaH C MOMOLLbO  XOJNEPHOrO
BMOPUOHa, MHEBMOKOKKA 7
cTadUNOKOKKaA.

Boxmeyer: J. M. Res. 9:146, 1903.

1. Two sorts of lesions are present. One is due to the
plugging of the capillaries by large mononuclear cells, and
probably, also, to the direct action of a toxin upon the liver

cells. The other is due to the plugging of the smaller veins
and capillaries by hyalin thrombi.

2. Early in the disease there is a marked proliferation of
the endothelial cells of the blood and lymph vessels and
serous surfaces. This proliferation is especially active in the
lymph spaces of the spleen. The cells produced have but a
low vitality, and possess, to a certain degree, phagocytic
powers.
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NepBOe KAUHUKO-
natosnorMyeckoe onucaHue
TMA
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Dr. Eli Moschcowitz

Moschcowitz E. Hyaline thrombosis of the terminal arterioles and

capillaries: a hitherto undescribed disease

AN ACUTE FEBRILE PLEIOCHROMIC ANLEMIA WITH
HYALINE THROMBOSIS OF THE TERMINAIL
ARTERIOLES AND CATPILLARIIEES

AN UNDESCRIBED DISEASE *

ELI MOSCHCOWITZ, M.D.

NEW YORK

This case is remarkable, clinically and anatomically.

REPORT OF CASE

History —K. Z., a girl, aged 16 ycars, was an c¢lementary school graduate,
had gone to business school, and had been employed for ecight mounths pre-
ceding the illness, There were three other children, two younger and one
older ; all apparently were perfectly normal, There were no home difficulties,
and poverty was not extreme. She had spent September 4 and 5 at Rockaway
Beach, where she appearcd in perfect health and spirits. She had returned
home on the evening of September 5 and slept welll On the morning of
September 6, she complained of weakness in the upper extremities and had
pain on moving the wrists and elbows; she already bad marked pallor and
was slightly constipated. The «symptoms increased in severity until she was
acdmitted to the Beth Israel Hospital, September 15, While at home, she
had a constant fever, the temperature rising once to 104 F. and staying at
other times between 101 and 102, F.

Physical Examination—The patient was a pale girl with ‘“café aun lait”
tinge. A few petechiae were present on the left arm. The lungs and heart
revealed nothing abnormal. The spleen and liver were not enlarged. The
ahdomen was lax and not tender. September 18, the red blood count was
1,330,600; the hemoglobin, 40 per cent.; the lcukocytes, 12,600, of which 65

per cent. were polymorphonuclears.  The red cells revealed a central pallor,
Hhut there were no nucleated elements. A fragility test showed hemolysis to
begin at 0.8, and to be complete at .19 (?). No platelet count was made.
September 19, the red blood count was 1,120,000; the hemoglobin was 40 per
cent., and the leukocytes were 19,000. A blood culture remained sterile.

The urine showed marked traces of albumin with hyaline and granular casts.

The blood chemistry, September 16, showed: urea, 21.2 mg. per hundred
cuhbic centimeters; nonprotein nitrogen, 31.25 mg. per hundred cubic centi-
mceters, and creatinin, 1.1 mg. per hundred cubic centimeters. The feces and
gastric contents gave a marked rcaction for occult blood.

Roentgen-ray examination of the chest showed nothing abnormal. The
clectrocardiogram showed inversion of the T wave in L.ead III. The tempera-
ture, on admission, was 101.8 F. During the week the patient was in the
hospital, it ranged between 100 and 102 F. The pulse varied Detween 100 and
130. The respiration was around 20. The systolic blood pressure was 130,
and the diastolic, 60.

September 19, there was partial paresis of the left arm and leg; also, a
slight facial paralysis. The following day, a double Kernig reflex was noted.
That night there was pulmonary cdema, which responded to treatment. Soon
after, the patient went into coma; respirations Decame irregular, and she died,
September 20. Dr. IZ. Libman, who saw this patient in consultation, recognized
the condition as a new disease.

* Read before the New York Pathological Society, Feh., 7, 1924,

Proc N Y Pathol Soc. 1924;24:21—24

b-a 16ner, C TeMONNTUYECKON aHeMUewn,
TpombounToneHmewn, GYNbMUHAHTHBIM
pPa3BUTHMEM NOJINOPraHHOro nopaxKeHus
(ronoBHOM MO3T, cepAaLie, NOYKK).

JleTanbHbIN Ucxon, 4yepe3s 6 AHen OT Ha4vana
6onesHu. MpuunHa cmepTn — NOAMOPraHHas
HeJOoCTaTOYHOCTb (Mo3roBad KOMa, OCTpas
noyeyHana n cepaeyHas HeJo0CTaTOYHOCTD).
MmcTonornyeckaa KapTuHa: pPacnpoCTPaHeHHbIN
Tpomb03 TEPMUHANBHbIX apTepuon 7
Kanuanapos
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THROMBOTIC THROMBOCYTOPENIC PURPURA: HEMORRHAGIC
DIATHESIS WITH GENERALIZED PLATELET THROMBOSES

KARL SINGER, FREDERICK P. BORNSTEIN and SIMON A. WILE

THROMBOTIC THROMBOCYTOPENIC PURPURA

HeMorRHAGIC DiaTHEsIs with GENERAL1ZED PLATELET THROMBOSES*

By KarL SinGger, M.D., Freperick P. BornstEIN, M.D.,
AnD Simon A. Wice, M.D.

HROMBOCYTOPENIC purpura is a syndrome of relatively common occur-
rence. However, thrombocytopenic purpura associated wicth multiple platelec
thromhi is sufficientlv rare to warrant the renort of an additional case and a detailed
We have been able to find only eleven

CASE

sc of weakness, fever and hemorrhagic tendency.
:r respiratory infection with a low grade fever.
was extremely tired and listless. However, she
aperature. There was loss of appetite and weighe
| many black and blue spots on the extremities.
y was excellent. Simultancously with the occur-
‘did not vomit. There was no change in bowel
~ wwm cs. With the exception of aspirin, no drugs had
sase in the pasc hiscory.
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THROMBOTIC MICROANGIOPATHY
HISTOLOGICAL DIAGNOSIS DURING LIFE

W. St. C. SyMMERS
M.ID. Belf., Ph.D. Birm., M.R.C.P.

PROFESSOR OF MORBID ANATOMY IN THIX UNIVERSITY OF
LONDON AT CHARING CROSS HOSPITAL MEDICAL SCHOOL

THROMBOTIC microangiopathy (thrombotic thrombo-
cytopenic purpura) is a well-established entity. Including
Moschecowitz’s (1924, 1925) original case and the 3
described here, at least 85 indisputable cases have been
recorded (59 from the United States, 15 from Britain,
and others from Cuba, (‘zechoslovakia, I"inland, Germany,
Hungary, Italy, and Switzerland). In addition, I know
of over 30 unpublished cases, most of which I have seen
through the kindness of colleagues in Britain and oversea.
Only 35 of the 85 published cases had been reported by
the end of 1951 : of the 35 all but 3 British cases (Pagel
1949 [case 4 -see Symmers 1952], Symmers and Barrow-
cliff 1951, Symmers and Gillett 1951) were from the
United States, whereas 23 of the 50 more recent cases
were reported from other countries. Of these 50 cases 17
were diagnosed during life, in contrast with only 4 of the
35 earlier cases. These figures reflect a greater awareness
of the features of thrombotic microangiopathy, enabling
it to be recognised oftener, both during life and post
mortem.

THROMBOTIC MICROANGIOPATHIC
HAEMOLYTIC ANAEMIA
(THROMBOTIC MICROANGIOPATHY)

BY

W. St. C. SYMMERS, MD, MRCP.

(From the Departments of Pathology of the General
Hospital and of the University, Birmingham)

The condition described in this paper as thrombotic
microangiopathy has attracted little attention outside
the United States of America, where it is ‘commonly
known as thrombotic thrombocytopenic purpura, Clinic-

Fi1G. 1.—Case 1. Irregular dilatation and Fic. 2.—Case 2. Thrombosis of many
partial or complete thrombotic occlusion smallest-calibre vessels in myocardium.




[-p KoHpapa ¢oH Maccep

Von GASSER C. et al.
Hamolytischuramische Syndrome:
Bilaterale Nierenrindennekrosen
beiakuten erworbenen

hamolytischen Anamien
Schweiz Med Woch. 1955;85:905-909

tanbl n3yvyeHnsa TMA: I'YC v atnnmnyHbin ['YC

B Hauyane 1970x rogoB Bnepsble 6bisla YyCTaHOBAEHA CBA3b MEXAY
aKTMBaLMEN anbTepHATUBHOIO NyTM KomnaemeHTa (Hu3knii C3) n alyC

1981r. Thompson and Winterborn
onucanu nepsbin cnydam alYCy

6onbHoro ¢ agepuuymtom CFH

1998r.: Warwicker et al.
naeHTUdnumpoBanm 3 cembu, B KOTOPbIX
AoOKa3zaHa ceA3b alYC ¢ myTtaymamm CFH

Multipaint lod score

YcTtaHoBNeHa cBA3b mexXay noKycom RCA Ha
xpomocome 132 (knactep perynstopos
KomnnemeHTa, BkatoYaa CFH) n ryc

Thompson and Winterborn Clin. Exp. Immunol 1981; Warwicker et al Kidney International 1998
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TpaagnuMoHHAA KAaccnPuKkauma TPoMBOTNYECKNX MUKPOaHrnonatum (TMA)

STEC-TYC = [

Shiga-Toxin npogyuupytowas Esherihia Coli n Sh.
Disenteriae

coctasnset 90% cnyyaes ['YC y geteit n sBnsercs
camow yacTton npuymHon OMNMH B ’
[eTCKOM BO3pacTe

% \ 3
AHomanum ADAMTS13 \ \ )’f

(akTmBHOCTbL MeHee 10%)
[‘eHeTUyeckne
[MprobpeTeHHble

* AytoaHtuTENa
 JlekapctBeHHble npenapathbl

1T

ATMNUYHBIN FeMONIUTUKO-YpeMmnyeckum cuippom (alrycC)

MyTaLlVIVI KOMMNOHEHTOB KOMMNJIEMEHTA.
CFH (cpakTop H)

MCP (MeMbpaHHbIN KOGhaKTOPHBbI NPOTENH)

CFI (cpakTop )

THBD (Tpom6omoaynuH)

CFB (¢paktop B)

C3

Axtutena k CFH

BepemeHHOCTb

Onyxonu

/ JlekapCTBEHHbIE Npenaparbl
3nokayecTBEHHas apTepuarnbHas rMnepToHUS
WHdpekumm (rpunn HINT, BAY)

TpaHcnnaHTauus

| AyTOMMMYHHblE 3aboneBaHus

BropnyHbie TMA

*ADAMTS13 (a disintegrin and metalloprotease with thrombospondin-1-like domains, member 13) TTI1 — mpombomuyeckas mpomboyumoneHu4YecKas nypnypa
1.Ko3nosckas H./1. U coaem. KnuHu4eckue pekomeHOauuu rno 0uaz2HoOCMuKe U Ae4eHur0 amunu4yHo20 2eMoUMUKO-ypemuyeckozo cuHopoma. HayyHoe obuwecmeo Hegponozos. Hegpponoaus u ouanus. 2014z




OTAnYnTeNnbHble 0COBEHHOCTM MUKPOAHFMORATMYECKOro remosinsa (MATA), TMA ,

aTUNMNYHOrO [YCun TTTI

m D,ECI)MHMU,MM n KAIMHN4YeCKune rnposassieHuUA

MATA
TMA

LI

MexaHW4ecKkmMn remonuns Bcneactene pparmeHTaLnm spuTPoLNTOB

Mopdonormiyeckmum anarHo3s, BKAOYAOLLNINA:
- [oBpexaeHune aHaoTenus: otek K, oTcnoiKa, HeKpo3. Pacwmnperme cybaHgoTenua
- Tpomb03bl B y4aCTKax NOBPEXAEHMA SHA0TENNA
-| HecmoTtpa Ha 1o, 4yto alYC n TTIN — peagkmne 3aboneBaHmnAa, mopdonormyeckasn
[ KapTuHa xpoHudeckom TMA BcTpedaeTca B GMonTtatax noyek A0BOJ/IBHO 4acTo ]

3abonesaHue, obycnoBneHHoe npeapacnonoXXeHHocTbio K TMA BcnencTBme HapyLueHUs peryasaumm anbTepHaTUBHOIO
NyTM KOMNAEeMeHTa

- AKTUBHbIN:

* [loyeyHaa HegocTaTo4yHOCTb, MATA 1 TpombouuToneHus

* Henonublie popmbi (MH n MATA; nporpeccupoaHue ao TMH; Ar: NH+ MATA+ TU-neHuA)

- HeakTtusHbI: BeccCMMNTOMHbIW, € HOPMaJibHbIM Yncaom Tpombouurtos, 6e3 MATA, ctabunbHaa pyHKLUA NOYEK

3aboneBaHue, 06ycnoBaeHHOEe CKAOHHOCTbIO K TpoMm603am cocyaos MLP BcheacTtBue reHeTUHECKOU UM ayTOMMMYHHOM
npupopabl aeduuymnta ADAMTS 13
-AKTMBHbIN TpOoMb603: ADAMTS 13<10% (opraHHble nopaxkeHusa, MATA, TpomboumToneHms)
* HenonHble popmbl (6eccumntTomHblid TpOMO03 63 MATA 1 TpombouutToneHunu; Tonobko TpombouyutoneHus; OHMK ,
TUA unu OUM; TpombouumTtos u MATA)
- HeaKkTuBHbIN: KAMHUKO-NabopaTopHaa pemunccua, ADAMTS 13 HopmaneH unm cHuxeH (<10%)
Tsai HM Transfusion Medicine Reviews 2014



Aednunt ADAMTS 13: TTN

[ucperynaumsa KOMNJemMeHTa: KOMNJAEMEHT-
onocpeaoBaHHana TMA (al'YC, BTopu4Hbin T'YC)

TMA, accoummnpoBaHHasa ¢ UHPeKLMEN
NBC-cuHapom

bepemeHHOCTb

CncrtemHas KpacHasa BO/IYaHKa
AHTUPOCPONMNNAHBIA CUHAPOM

CuctemHas cknepoaepmus
BackynnTbl/rnomepyioHedpuTbl
3N0Ka4yecTBEHHAA apTepuanbHan rMNepToHua

Gavriilaki E Front Immunol 2019;10, article 337

MHoroobpasue TpoMmboTUYECKUX MUKPOAHFMOMNATNI
= _ _

AN NN e =

JleKkapcTtBa:

XWUHWH, KOKaWH

NHrmbutopbl KanbumHeBpmHa nam mTOR
cTporeHbl/nporectepoH
femuntabuH/mmtommumH C
NHTepdepoH

NHrmbutopbl VEGF 1 TMPO3MHKMHA3bI

MeTtabonnyeckme/ KNeTo4YHOro CMrHana
HapyLweHUA: MeTUIMAJIOHOBaA aunaemMus,
myTaumn reHa DGKE

3/10KQYeCTBEHHble onyxoaun

TpaHCI'Il'IaHTaLI,Mﬂ KOCTHOro mo3ra " Co/inaHbiX
OopraHos




[TpnumHbl TMA, accoumMmMpoBaHHON C UHPEKLNAMMU

e E. Coli, npoayuupyrowasn LUnra-tokcnH, Hanbonee 4yactaa npmumHa TMA. dpyrue
b6akTepun: Shigella dysenteriae, Campylobacter jejuni, Moraxella osloensis

e BupycHble MHPEKLUUU: LMTOMEraoBUpYC, Bupyc AnwtenHa-bapp, smpyc varicella
zoster, napsosupyc B19, BUY, supycol rpmnna

e Bos3byautenu nHdpeKumin abixatenbHobix nytei: Bordetella pertussis (KokntoLw),
Streptococcus pneumoniae, Mycoplasma Pneumoniae

e [IpoTo3oiHaa nHpekyua: Toxoplasma gondii

e Pepkune undekuum : Erlichiosis, Capnocytophaga canimorsus, Plasmodium vivax
(manapwus), ykyc 3meun (Bothrops jararaca), amxopasaka [leHre, imxopaaka 3anagHoro
Huna, nnxopaaka YMKyHryHbsa

<« SARS-CoV-2 (COVID 19>

Palma LMP, Sridharan M, Sethi S Kidney Int Rep (2021) 6, 11-23; https://doi.org/10.1016/j.ekir.2020.10.009



Hanbonee yactble KANMHUYECKME npoasaeHnsa TMA

TpomboTnyeckass MUKpoaHrmonaTums

!

i

!

TpombouutoneHusa < 150000/mKkn nnm MATA: cHuXXeHue remornobuHa, nosbiweHue J14r,
YMeHbLleHue 2 25% ot ncxogHoro ypoBHA LM30LMUTO3, CHUXKEHME ranTornobuHa
h 4
NopakeHne opraHoB l

:

$

MNMoparkeHune LUHC: cyaoporu,
HapyLleHue CO3HAHUA,
OHMK

MopaXkeHne NErknx: oabILKa, NMopaxkeHune CCC: OUMM, OCH, 3aTyMaHUBaHUe, He4yeTKue
KpOBOXapKaHbe, OTEK NErKUX AKM, AT, cteHO3bl apTepuii KOHTYpPbl, OKK/1l03UN COCYA,0B

NMopakeHue XKKT: anapes, B T.u.
KpoBaBaf, TOWHOTA, pBoTa, 602mn
B YXMBOTE, NaHKpeaTut

Mopa)keHne noyekK: nosbiweHue CKp,
cHuXeHue CK®P, moueBoit cuHgpom,
apTepuanbHan rMNepToHusA

#
HapyweHue 3peHua: gsoeHue,

CeTYATKUN

R. Raina et al. Int J Nephrol Renovasc Dis 2019 Sep 4;12:183-204.



Mop@onormnyeckme nameHeHmnsa npu TMA Hecneun@uUHbI

Palma MPL, Sridharan M, Sethi S Kidney Int Rep (2021) 6, 11-23; https://doi.org/10.1016/].ekir.2020.10.009



OcTtpaa TMA Kak npnynHa Ol y nauneHTa, ymeplwero ot COVID-19

Ocmpelii KaHanbyesolli HeKpo3. MNoAHOKPosUEe MUKPOYUPKYAAMOPHO20 pycaa. besnKoesvie maccol
8 11os10CMuU Kancynol u pubpuH 8 KanuaaapHoIX nemanax Knybouykos. PubpuH e npoceeme apmepuon.

[MATO/IOTMYECKAA AHATOMMWA COVID-19. AT/IAC o0 obuweli pedakyueli O.B.3alipamesaHya A3 Mockssl, 2020



TpomboTnyecKkaa MUKPOAHIMoNaTnA :

Mopoonoruyeckue npusHaku TMA

e | I

_____ B D D

=" . PV

Kny6ouku: Tpomb6bl, oTek nnm otcnoiika  Knyb6ouku: aABonHbIe KOHTYpbl BMK,

. 9K, dparmeHTUPOBaHHbIE SPUTPOLUTDI, NHTEPNOo3nUMA Me3aHrus, npu M

Ocmpaa TMA Me3aHIMMONN3NC , MUKPOAHEBPU3MBbI paclwmpeHue cybsHaoTenus,
obpa3oBaHune HoBon MK B
cybanpoTenmu

ApTepuonbl: TPOMObI, OTEK UM OTCNI0MKa APTEpUONabl: FTMaZIMHOBbIE AEMO3UTHI
IK, otnoxeHua ¢pubpuHa B cTEHKE,

dparmeHTMPOBaHHbIE 3PUTPOLIUTDI, OTEK

MHTUMbI, HEKPO3 MUOLIUTOB

ApTtepun: Tpombbl, MyKonagHoe Habyxa-  Aptepuun: prubposHada runepniasms
HWE UHTUMbI, OT/IOXKeHUA pubpuHa B MHTUMbl KOHLEHTPUYECKOIO
CTeHKe, pparmeHTauUmnaA SpUTPOLIUTOB XapakTepa (nyKoBUYHan wesnyxa)

Xp OHu4YecKasa TMA Goodship T et al. Atypical HUS and C3GN: conclusion from KDIGO Controversies Conference Kidney Int 2016



B ocHoBe ntobon TMA neXut nospekaeHmne sHaoTennsa, oAHAKO

MEXdHN3MbI €ro pas3/indHbl U B PAAE C/ZAIYyHaeB MOTIYyT COYETATbCA

CHU)XXeHune aKTUBHOCTU
‘ - MukpoaHrmonartuyeckas

ADAMTS13
reMmo/inTnyeCKad aHemMmumAa.
HemmmyHHaa Kymbc-HeratusHas

Tn

alycC ‘-"') AKTUBaLMA KOMNJIEMEHTa MoebiwweH yposeHb AT
CHMU)KeH ypoBeHb rantornobumHa
Wnsouuntos > 1%

Stec-TYC ‘—) LLnra TOKCUH
TpombouutoneHua noTpebaeHna
KADC H AntndochonmnugHblie AT Huskoe uncno TpombounTOB MAK NX
CHUXKXeHue > 25% ot ncxogHoro
KoJInyecTtBa

Npeaknamncus/HELLP H AHTN-VEGF mexaHu3m

OpraHHaa anchyHKUuUA:
Mwemunueckoe nopaxkeHme opraHoB
Bcaeancreue OKKAKO3NUU coCyaos
opraHHoro MUP — nouku, LUHC, cepaue,
HKKT

R AV TP TN

3noKkavyectseHHas Al =2  shear-stress mexaHusm

4k 4 5 5 R ok N |

P ¥ W 1T TV T W@ T WSl

NekapctBeHHaa TMA —_> MexaHu3mMbl pa3HO06pa3HbI




AKTMBaALMA KOMNAEMEHTA KaK OOLWUN MAaTOreHETUYECKN mexaHn3am TMA

(Dease  Cause: Bt
R R,

ahUS  Gene Defecti»’? L
mutation  complement
AntiCFH - regulation

e /’

ADAMT813 ULVWF
men&a@e e

Noris, M. et al. (2012) STEC-HUS, atypical HUS and TTP are all diseases of complement activation Nat. Rev. Nephrol. doi:10.1038/nrneph.2012.195



Baanmoaencreme paktopa ¢.BnanebpaHga n KomnaemeHTa

In NORMAL SUBJECTS:

=>l HOMEOSTASIS
o
w platelet
activation

coagulation
pathway

In cTTP PATIENTS with ADAMTS13 deficiency:

vascular permeability

endothelial injury

complement

amplification v
4B (—3 THROMmBOsIS ||

a7

- P .'!.'x\\A inflammation
alile €D

neutrophil
chemotaxis

3\ Platelet
N\e A aggregation

2

Bettoni S et al. J Immunol 2017 Aug 1;199(3):1021-1040. doi: 10.4049/jimmunol.1601121. Epub 2017 Jun 26.



Bromapkepbl KomnaemeHTa y 60sbHbIX TTI 1 allyYC

[lnarHos ®-p Bb C5b-9 C3a
(240.3-960.8) | (287.5-1845.9) (33.9-238.2) (18.6-47.9) (6.9-242.3)
AyToummyHHasa 2153 3534 585 75 777
TTN (n=38) (343-5448) (458-7450) (210-1924) (29-210) (128-4782)
alyC 7386 2914 1098 115 1237
(n=19) (603-30610) (1394-15210) (422-4840) (55-280) (79-13730)
p 0.063 0.706 <0.0001 0.004 0.031

Cataland SR et al. Biomarkers of terminal complement activation confirm the diagnosis of aHUS and differentiate aHUS from TTP Blood 2014;123:3733-38
DOI: 10.1182/blood-2013-12-547067



Yactota TTI1 n I'YC cpean B3pocabix nauneHToB ¢ TMA

n=219 n=13

Adult patients A Paediatric patients B
TTP, n=31(14%)

Other, n = 44 (20%)

STEC-HUS, n = 6 (3%) aHUS, n = 4 (31%)

STEC-HUS, n=9 (69%)

aHUS, n = 138 (63%)

Schénermarck U, Ries W, Schréppel B, et al. Relative incidence of thrombotic thrombocytopenic purpura and haemolytic uraemic syndrome in
clinically suspected cases of thrombotic microangiopathy. Clin Kidney J. 2019;13(2):208-216. Published 2019 Jun 18. doi:10.1093/ckj/sfz066



HacneactBeHHbIe U I'IpMO6p€T€HHbIe dHOMAJIMN RKOMTIJIEMEHTA,

accounmnpoBaHHble c al YC

AHOMannMmn KoMmnaemeHTa

PerynsatopHbie GpaKkTopbl
KOMMAEMEHTa

AKTUBUMpYoWmMe GaKTopb!
KOMMJIEMEHTA

@aKTOpbl, CBA3AHHbIE C
Koarynauuemn

Yacrota (%)

CFH 20-30%
CFH/CFHR hybrid

CFI 4-8%
MCP 8-10%

AHTU-CFH-aHTUTENa 5-20%

C3 4-8%
CFB <1-4%
THBD 3-5%
DGKE 8%
PLG ?

OcHOBHOM 3pPeKT MyTauum UM aHTUTEN

HapyweHue cesasbiBaHma CFH ¢ C3b nau AT Ha NoBEepPXHOCTM KNETOK
CHMKeHWe KOPaKTOPHOM aKTUBHOCTM

HapyweHue cBsazbiBaHma CFH ¢ C3b nnu FAl Ha NOBEepPXHOCTU KNEeToK
KoHKypeHTHOoe B3aumopgeiicteune ¢ CFH

HapyweHHaa cekpeuna CFl
YMeHbleHMe NPOTEONIUTUYECKON aKTUBHOCTH

HapyweHune skcnpeccun MCP
YMeHbLeHunA cBA3biBaHUA C3b 1 KOPaKTOPHOM aKTUBHOCTH

NHrmbunuma perynupytowero gencrsmsa CFH Ha AMNK

YcrtoumsocTb K CFl-onocpeaoBaHHOM MHaKTUBaumMmn C3b
Obpa3oBaHue runepakTMBHon C3-KOHBEPTA3bI

Pe3ncrteHTHOCTb KOHBEpPTa3bl K pacwenneHuto CFH
dopmunpoBaHue runepaktnsHon C3-koHBepTa3bl

YMmeHbleHMe KOPaKTOPHOM aKTUBHOCTH
CHUXKeHHaA akTuBHOCTb TAFI

MMnepaKkTMBaLma NPOTPOMBOTUYECKUX PAKTOPOB 1 TPOMBOUUTOB
YMmeHblueHne GUBPUHONINTUYECKOM aKTUBHOCTU

MexaHu3m He onuncaH

Yoshida Y et al. J Atheroscler Thromb 2019;26:99-110



BropunuHbin [YC: nantocTpauma MeXaHM3Ma « ABOMHOIO YyAapa»

BTropuuHbiii IYC
e OTcyTCcTBME rEeHEeTUYECKUX aedeKToB
*  OrtcytctBme aHTU-CFH-aHTUTEN

[ Complement system j

n Classical Lectin Alternative
PUinHbI pathway pathway pathway

* JlekapcTBa

*  UNHPpeKkunmn

*  AyTOMMMYHHble 3aboneBaHUA

* [nomepynonaTtumm

* 3/10Ka4yecTBEHHblEe ONYXOU

* TpaHcnaaHTaumA CTBONOBbIX K/1ETOK
MexaHusmbl

* [lpamoe nospexaeHune K

* JlekapCTBEHHO onocpesoBaHHble aHTUTENA

HepBMqum ryc
[eHeTUYecKkme nau
NPMOBpPETEHHbBIE
aHOManuu, Beayume K

\ Aucperynauum
KOMM/IEMEHTa

npoTtus K .“S
* Onyxonesble TPOMbblI §
* [poBonanutenbHble/ P Th b
= rombus Activated procoagulant
NpoKoaryNAHTF Y ey W QR formation and proinflammatory
P telets EC phenotype

M.Praga, S. Rodriguez de Cérdoba Kidney Int. 2019; 95 (6): 1298-1300D0I: 10.1016/].kint.2019.01.043



KON\I'II'IGN\EHT-OI'IOCpe,EI,OBaHHaFI TpON\6OTI/I‘—IeCKaFI MUNKPOJHIMOIMNaTnA

KomnnemeHT-onocpenoBaHHaa TPOMOOTUYECKAsA MUKPOaHrMonaTua
npeacrasnaeT cobon reteporeHHyo rpynny 3abonesaHui ¢
Pa3HO00bpa3HbiMU PpaKTOpPaMK PUCKA U NPOBOLMUPYIOLLUMHU

TpUrrepamu, XoTa BCE OHU XapaKTepusyoTca
aucperynaumein TepMMHaNbHOTO NYTU aKTUBaAL MU KOMMAEMEHTA

A 4 A 4

ATUNUYHDbIW FEMO/IUTUKO- BTOpPUYHbIW reMO/IUTUKO-
YPEeMUYECKNIA CUHAPOM YpeMU4YeCcKMin CUHAPOM

Olson SR et al. Am J Nephrol 2018,48,96-107



KAnHnYyecknn noaxoa K naumeHTy ¢ deHoTmnnyeckon KaptuHon al'YC nocae nckntoveHma STEC-

['YCwn TTTI

|| KnuHuueckaa kaptuHa alYC

KomnnemeHT-onocpenoBaHHbIN I He cBA3aHHbIN ¢ aKTUBaLUEe KOMNAeMeHTa

NMepBuyHaa agucperynauuma: - * DGKE
. Myraumn BTopuyHaa gucperynauyma: .« KoBanamuh C

° J
e AuTuTena KomnnemeHTapHbI WTOpM
MoAumopdusmbl * T[oBpexaeHune sHO0TENUA

* CocTtaBHble (XmepHble) 6enku

* PeaKkuma «TpaHcNAaHTAT NPOTUB XO3AUHAY
* JleKapcTBa

* 3/10Ka4yeCTBEHHble ONyX0/u

* T[nomepynapHble 6one3Hu

*  ApTepuanbHada rmnepToHnA

* Cucremnble 3abonesanua (CKB, A®C)
MepsuuHbIi al'yYC |<- _———

OXFORD

UNIVERSITY PRESS

Berger BE. Clinical Kidney Journal, Volume 12, Issue 3, June 2019, Pages 338-347, https://doi.orq/10.1093/ckj/sfy066
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XapaKTepuUcTtnka ocCHOBHbIX OpM TIMA (Olson SR et al. Am J Nephrol 2018;48;96-107)

3abonesaHune/ocH.
XapPaKTePUCTUKHU

3aboneBaemocCTb
Bo3pacT aebtoTa

MexaHusm

TpombounToneHums

HapyweHune ¢p-umnmn
noyek

JKcTpapeHasnbHble
NPoAB/IEHUSA

KomnanemeHT

OcHOBHOW Anar-
HOCTUYECKUMN TecCT

JleyeHune

MporHo3 (ectecTs.
TeyeHue)

T

1/1mnH./rop,
B3pocnabie (npnobp.)

Aednunt ADAMTS13

O6bI4HO < 30TbIC.

YmepeHHoe, 06bI4HO
CKp < 2mr/an

Hesponornyeckue:
Cynoporu, OHMK

He BoB/ieYeH (-)
ADAMTS13< 10%

MO, UCT: TKC £ RTX

CmepTHOCTb 10-20%,
peunamsbl y 50% 6-x

STEC-TYC

2/1007bIC./rop,
Netn <5 net

LLInra-TokcuH onocpenos.

nospexaeHune 3K

O6bI4HO > 40TbIC

M.B. Taxenoe, 50% 6-x
TpebytoTt 3MT B aebtote

Hesponornyeckmne -40%
RenyaoyHo-KuweyHble

4+

LLinra-TOKCUH B cTyNE Unm
KpOBMU

Moapepxunsatowee; MO,
baoKaga komnnemeHTa

CmepTHOCTb < 5%, XBIy
30% 6-x

KomnnemeHnT-onocpeanosaHHaa TMA

ATunuuHbin INYC

2/1mnH./ropn,
Jirobow

KomnaemeHT-onocpea.
nospexaeHune 3K

O6bI4HO > 40 ThIC.

M.6. Taxkenoe

Y 20% 6-X, BO3MOXHbI
ntobblie, Bceraa Al

+++

Cneunduyeckue TecTbl
OTCYTCTBYIOT

bnokaga komnsiemeHTa

3aBuUCUT OT
BbISIB/IEHHbIX MyTaLUM

Bropuurbiin IYC

BapunabenbHa
JTrobon

NekapctBa, 6epeMeHHOCTb,
AyTOMMMYHHble 6-HK, onyxonu,
TpaHcNAaHTauuMAa n ap.

BapunabenbHa

Pa3HOW BblpaXKEHHOCTH

Pa3nunyHble, 3aBUCUT OT
OCHOBHOWM NMPUNYNHDbLI

++

3aBUCUT OT OCHOBHOM
NPUYUHDI

Tepanua oCHOBH. 3a6-1,
bnoKkaga komnnemeHTa

3aBUCUT OT OCHOBHOM
NPUYMHbI




CoBpeMeHHada KnaccupuKkauma TPOMDOOTUYECKUX MUKPOAHIMONATUI

| [NepBUYHbIE MepBUYHbIE
HacneacTBeHHble e npuobpeTéHHble

AccouunnpoBaHHble €
BTopuiHble o
nHpekumnen

Brocklebank V et al. Thrombotic microangiopathy and the Kidney Clin J Am Soc Nephrol 2018




CoBpemeHHas Knaccnpumrkaumsa TMA (ogHa n3s moanpuKaLmn)

Thrombotic microangiopathy

Primary Secondary
]
I I — | Malignant hypertension
Hereditary Acquired
— | Drugs
aHUS* | TTp*
—— | Autoimmune diseases
TR — | aHUS*
— | Infections, including STEC-HUS
Cobalamin C
— | Malignancy, including
DGKE monoclonal gammopathy
— | Transplant
INF2

Palma MPL, Sridharan M, Sethi S. Kidney Int Rep (2021) 6, 11-23; https://doi.org/10.1016/j.ekir.2020.10.009



YactoTa pa3inydHbix popm 'YC B 3aBUCMMOCTU OT TpUIrepa

Renal
disease aHUS
n=4(3%)

MHT aHUS

n=>5(3%) Unspecified TMA

n=3(2%)

Autoimmune aHUS
n=6(3%)

Drug-induced aHU
n=12 (6%)

BMT aHUS

n =14 (8%)

Infection aHUS
n=4(2%)

Solid tumour aHUS
n=20(11%

TTP
n=31(17%)

STEC-HUS
n =6 (3%)

Primary aHUS
n=51(27%)

Post-transplant aHUS
n=23(12%)

Schénermarck U, Ries W, Schréppel B, et al. Relative incidence of thrombotic thrombocytopenic purpura and haemolytic uraemic syndrome in clinically
suspected cases of thrombotic microangiopathy. Clin Kidney J. 2019;13(2):208-216. Published 2019 Jun 18. doi:10.1093/ckj/sfz066

Pregnancy aHUS
n=7(4%)



[lpegnaraemad HoOBaA 3TUONOrMYecKas

NAIANTACFH C—

variars TRAA Knaccupukauma cnHapoma TMA

Glomerular
disease TNVMA

Hereditary TMA
YL pointny

* BblAENATb HACNEACTBEHHYIO U

pyp— | npuobpeterHHyo TMA, KoTopble
| MOTYT UMETb NepeKpecTbl. Tak, AnA
pa3BuTUA HacnepcTeeHHoU TMA
Sl MmoryT notpebosartbca TpUrrepsl, a
TR ! npuobpeteHHaa TMA MOXeT UMeTb

reHeTU4eCKyo OCHOBY
. * KnaccupuuumposaTtb TMA B
3aBUMCMMOCTM OT OTBETa Ha Tepanuio

PLG-variant /
y 4u mm | V4 a
—responsive ThMZ

Aigner C et al. Clinical Kidney Journal, Volume 12, Issue 3, June 2019, P. 333-337,

https.//doi.orq/10.1093/ckj/sfz040 OX_F O RD

UNIVERSITY PRESS

THEBD-variant
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[eHeTnyeckne aHoMaanun KoMmnaemeHTa Npu NepBUYHbIX U BTOPUYHbIX TIVIA

Geneticabnormalities
in complement proteins

Primary Secondary
aHUS Malignant Autoimmune
hypertension diseases

Palma MPL, Sridharan M, Sethi S. Kidney Int Rep (2021) 6, 11-23; https://doi.org/10.1016/j.ekir.2020.10.009



CoBpeMEHHbIE METOAbl NCCAEA0BaHMA KOMMIEMEHTA B AnarHocTmnKe alyYC

Control

Creatinine
Proteinuria

oepl

mbe

|
Qclober

Eculizumab
|
v

y

]
November

=300

Creatinine (mg/dL)
. Proteinuria (mg/day)

WNoD 19eeld

= Platelet count (x10ESL)

MaumeHT 52 net, amnarHos Cr pancreas (T1cNOMO)

JleyeHue: xupypruyeckoe, remumntabuH B Te4eHue 6 mec.

Yepes 2 mec. — HC, MATA, TpombouutoneHus, 6bicTpo
HapacTatoLee NOoBbIWEeHNE KpeaTUHMHA

Buoncus noykn: KapTnHa octpont TMA B KnybouKax n aptepuonax
NckntoveHobl TTM (ADAMTS13 87%), STEC-TYC, nHdbekuunn,
ayTOMMMYHHble 3abo/1eBaHMUSA

Nccneposanbl C3, C4, CH50 and C5b-9 B KpoBM — HOpMa

[eno3unuma MAK (C5b-9) B KynbType aHAOTENNANbHBIX KNETOK (A)
NckntoueHbl peumans onyxonu (M3T-KT), nekapcteeHHas TMA
OwnarHo3s: alYC (meToaom ucknoueHus)

Hauato neuenune C31, npoBeaeHo 18 ceaHcoB naa3moobmeHa

B TeyeHue 4 Hep 6e3 apdekTa

Mepcuctnposanm HC, MATA, TpomboumnToneHma, coxpaHanaco MNH
NHayuupoBaHa Tepanua dKyamsymabom

Yepes 2 Hea. HOpMaNM30BanNaCb KapPTUHA KPOBK, Yepes 4Hea. -
BOCCTaHOBM/IACb QYHKLMA NoYeK, perpeccnposan HC

Mpn NOBTOPHOM UCCAeA0BaHMKN OTCYTCTBYIOT Aeno3nTbl MAK Ha 3K (B)
[eHeTn4ecKkoe uccnegoBaHmMe: naToreHHaA retepo3nrotHasa mytauma CFl
B aAnHamumKe yepes 29 mec.: npoaoKaeTca Tepanma IKyAn3ymabom,
coxpaHaeTtca pemuccua al'yC

Blasco M et al Clin Kidney J 2020 Nov 6;14(4):1055-1066. doi: 10.1093/ckj/sfaa195.




Bunabl nccnegoBaHunAa KOMMNJAeMeHTa

e OnpepeneHue cogepkaHnUa B KPOBM KOMNoHeHTOB komnaemeHTa (C3,C4, C38, C5a) n
benkoB-perynatopos komnnemeHta (CFH, CFl, FB)

e OnpepeneHune B KpoBu membpaHo-atakytowero komnaekca C5a-Co (MAK)

e OnpepeneHune akcnpeccnn MAK Ha saHOOTE/IMANbHbIX KNeTKax

e OnpepeneHue yaenbHOM akTUBHOCTU PAKTOPOB KOMM/IEMEHTA

e OnpepeneHune aHTUTEN: K C3 KOHBepPTa3e a/ibTePHATUBHOrO Nyt KomnsemeHTa (C3Nef),
K KomnoHeHTam C3 KoHBepTa3bl, paktopam H u B

e OnpeaeneHne sKCKpPeLunm ¢ MoYoih KOMMNOHEHTOB KOMMIEMEHTA U PEryisTOPHbIX
NPOTEUHOB

e [eHeTnyecKoe uccaeaoBaHMe CUCTEMbI KOMNAEMEHTA: NAEHTUPUKALNA TEHETUYECKUX
BAapPUaHTOB PeryiaTopHbIXx 6enkosB n KomnoHeHToB KomnaemeHTa (CFH, CFI, FB, C3, MCP,
THBD, CFHR1-5, DGKE)

> MOpd)OI'IOFMHECKMG nccnegosaHuaA © BbiaBneHmne Aerno3nToBs KomMmnaiemeHTa B TKaHU NMOYKH



[lnarHocTnyeckmm aaropmtm npmn TMA

||
W HIGH Nk
TMA SIGNS LDH RS S
Plateiet Reticulocytes LEisffsaarmAaLsl
|
| ) | | |
ADAMTS-13 v . Exclusion of
activity STEC screening Differential screening other TMAs

o 1(11)({::;;1; uma 10

N

TREAT
s Plasma;herapy SN Supportive therapy
@ :s. Supportive therapy Early <tart of etiological treatment (if availablo)
) ) High soluble C5b-o0 and/or
ABSENCE OF RESPONSE + high C5B-9 deposits on EC 2o e

Blasco M et al Clin Kidney J 2020 Nov 6;14(4):1055-1066. doi: 10.1093/ckj/sfaa195.



[logxona K nevyeHunto BTopudHoro alyC

BropuuHbiit alYC
(yeTKo ycTaHOBNEHA NPUUYMHA)
MATA
Tpomb6ouutoneHums
onn
ADAMTS 13 > 10%
STEC-TYC uckniouyeH

[ JleueHue NepBONPUUUHDI ]

MNepcuctuposaHme TMA u/mnu ) é
nporpeccupyiolLee yxyaweHue GyHKLUM Paspewenue TMA
nouek > 7 AHeili nocne Hayana neyeHus LBOCCTaHOBne””e $yHKUMM NoYeK
OCHOBHOW 601€3HM v

v

*  BakuyuHauua OT MEHUHIUTa
*  AHTM6MOTMKONPOPUNAKTUKA

[aHHble 0 HEOOXOAUMOCTN ANUTENBHOTO NeYeHns BTopuyHoro alyC
3Kynnsymabom otcyTtcTBytoT. Ecam TMA paspelunnach, a GyHKLUA NoYeK

* 3abop maTepmana Ha reHeTU4eCKoe OCTAeTCA CHUKEHHOM, MOKa3aHa Hedppobumoncuma ¢ Lenbio
ucchenosatue anddpepeHumpoBaHmsa octpont TMA OT XpOHUYECKUX U3MEHEHUI ANA
‘1’ BbiOOpa oNTMMasIbHOM TePANEBTUYECKON TAaKTUKU

{ dKynusymab 4-8 Hep, }
Caravaca-Fontan F, Praga M. Kidney International 2019;96:826-835




KomnaemeHT-610KMpytowaa tepanua byayllero

Achillion ACH-4471

( Omeros
7 i §‘: >c;:m _)m oms721
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cavas | cabcan

Apellis  ApL.2 < @ Csa |
Amyndas Amy 101 c3b
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Alnylam Cemdisiran csb <€— Avacopan
Morphosys LFG-316 _ w - Chemocentryx
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. Market
Phase Ill
Phase Il
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Zipfel PF et al. Frontiers in Immunology 2019 Sep 27;10:2166. doi: 10.3389/fimmu.2019.02166



3aKA4YeHue

TMA — reTeporeHHas rpynna 3aboneBaHni, 3HAYUTENIbHYIO YAaCTb KOTOPbIX, KaK HU
napaoKca/ibHO, COCTaBAAOT BTOpUYHbie TMA no obuienpnHATOM KnaccupuKaumm

B 6onbwinHcTBE Cciyvyaes BTopuyHble TMA npeactaBaeHbl NPUOOPETEHHbIMMK
KoMnaemMeHT-onocpeoBaHHbIMU COCTOAHUAMU, KOTOPble ceroaHA MMEHYIOT
BTOPUYHbIM reMONUTUKO-YPEMUYECKUM CUHAPOMOM

Hannume reHeTtnyeckoro gedekrta B CUCTEME KOMMNJIEMEHTA AJeT OCHOBAHMUeE
yCTaHaBamBaTb AnarHo3 al YC. B aTom cnyyae KomnaemeHT-onocpeaosaHHaa TMA
pacCMaTpMBaETCA KaK NnepBUYHanA

Ouncperynaumsa cuctembol KOMNAEMEHTa MOXKET ObITb 006yCn0BIEHA HA/IMYNEM
KOMMNNEMEHT-aKTUBUPYIOLMX COCTOAHUN (K KOMNAEMEHTAPHbIN LLTOPMY») WU
NoOBpeXAeHUA 3HA0TENNA Y NALMEHTA, HE UMEIOLLLErO rEHETUYECKOM OCHOBbI. B 3TnX
cny4vyaax KomnsaemeHTt-onocpeaoBaHHaa TMA paccmaTpuBaeTCcAa Kak BTOpPUYHaA
(BTOpMYHbLIN al'YC)



3aKA4YeHue

e 1na neyeHma obomnx BnaoB al YC noKa3aHO NPMMEHEHMNE KOMMNJIEMEHT-
6noKMpyroLwen Tepanun, ogHako npm nepsmndyHom alYC 3To eAUHCTBEHHASA

naToreHeTU4YecKaa Tepanua, a Npu BTOPUYHOM ee HeobxoaAMMOo coveTaTb C
Tepanuen 3aboneBaHuA, Bbi3BaBLLero pa3sutme TMA

e OtcyTcTBUE reHeTn4Yeckom ocHoBbl al'YC no3BoasAeT oTMeHATb IKY/IM3ymab no
OOCTUXKEHUU NONOKUTENBHOTO 3ddEKTA



Cnacunbo 3a BHMMaHue!



