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Distribution of clinical diagnoses in 1026 patients with a serum
monoclonal protein detected at the Mayo Clinic in 1992.
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_=_Movopepéc, TOAUHEPEC A THAKA TOU HOPioU THG
avooooaipivng.

= IgG: AvayvwpiCouv dolIkd oToIXEid Kal HIKpoPIakd
mapdywya S.aureus, Leptospira, Brucella. =

= Tpavopeppivn

= AyvWoTNG €10IKOTNTAC
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—mvmn TIPWTEIVN GTOV.0p0 (ouvnewg > 39/ dL) - e
= MovokAwyVIKA TPWTEIVN 0TA oUpd
- AUTIKEC PAAPEC
- KAvikd oupmtwparta cuvodd/ouppard pe moAAamAoUv puéAwpa

R

- CRAB : YmepaoPpeoTmiaipia, Neppikn avemtdpkeia, Avaipia, Autikéc BAapeg
OoTWwyv

-

Smoldermg Myeloma ATIO Td napanavw amouaid{ouv Ta KAIVIKA .

eupnuara p 1‘—*

: a HOVOKAWVIKNG TPWTEIVNG oToV,0p0:< 3g/dL, apiBuog
TTAAOUATOKUTTAdpwY oToV HUEAS <10%, amouadia KAIVIKWY CUNTTTWHATWY
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2. UvOeon avoooowaipivwy

HEAVY CHAIN GENES
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~ "Properties — igM— IgD IgGl lgG2 1gG3 1gG4 I1gAl IgA2 IgE
Adult levelrange 0.25- 003 5 26 05 02- 14- 0.2- 0.0001-
(age 16-60) in 31 -04 12 1 1 42 0.5 0.0002
serum (mg/ml)®
Approximate % 10 0.2 45 11- 36 14 eddumiede Q0045

total Ig in adult 53 15 14
serum
Synthetic rate 3.3 0.2  33cnmBlmmws33 33 19- 3 3— 0.002 <
— — ‘ 29
[ e - -‘-

-—Eﬂ~’§1— 5-7 46 15
- 24 24 24

Molecular 000 150 150 150 150 150 150- 150- 190 |
weightt KD 600 600



Blood (physiological pH)

Serum NG
protein

IgG dissociates
at physiological pH

Recycling @
Endocytic endosome

vesicle

Acidified
endosome

FcRn binds Sorting of

IgG in %8 FCRn-1gG Non-receptor bound proteins
acidified complexes are degraded in the lysosome
endosome Se

Monocyte or
ondothelal ce

Lysosome




IO BEAEIPOKUTTAP O OUVEETE g;ffgrr ¢ -‘.‘J'.C‘J
~ eAdQpIEC aAumﬁsg—oe OXEON HE TIC ap OTEP: Qr"“
TTdpdywyn TWV K, aAAa ETTAVAppoOPdTal e 6|1TAao|o pUBLIO.
- Xxéon k/A-aTaBepn.

= Ymdpxel pualoAoyikd avixveuaoipo TTooo eAsUBepwy
eAdppiwyv aAucidowy K Kai A aAAd 0x1 oTa oupd.

= > UYyKEVTpwaon avdAoyn Tou 1colUyiou Tapaywync/
VEPPIKNG kKABapong.

‘-;'i-epvoov Tlo@mﬂ_gﬂéywwmavMou

= ‘Evrovn doknon/veppikn PAAPn: avénon Twy eAa@pIwy
aAugidowy .

<4

T ——



MeTaPoAIGHOG EAGPPIWY. AAUGIOWY.

/
/’ Distal tubule

Cast
injury

oo Thick ascending lmb
& —— Light chains + Tamm-Horsfall
0 protein produces casts




oV, Ny GsEe ayagagmeigiyze grg rro\\eriNaOy Lyt

- = Ig's mAdoparoc . Emimtwon? Zuvumapén Bence-Jones
:e___i__ TTPWTEWVOUPLAG 75

= Ig6 50 60

= IgA 25 /70

= MONO Kk n A {0 100 —

= Igb 2 100

= IgM 1 : 100

= IgE , 0.1




[l dogdiooigtoe (fotycztyi)y gy god

HAektpopopnon o mnKtwpa ayapolnc
Awkplon oc 5 dlaKpLtéC TEPLOXES
MovokAwviko KAa'raua awxvsdatuo ano a2 Ewg y meploxn .

[Togotika HETPNOYO WS TOOOTTO TOU GUVOAOU, TG TTEPOXHC
TWV oPalpWWyY omoU eviomi(eTal.




Serum Protein Electrophoresis

Separation in an electric field on agarose gel
pH of buffer
Isoelectric point of protein

Stained with Amido Black




Quantitation of Serum Paraprotein

Fraction
Albumin
ARlpha 1
Alpha

Camma

Total G/dL :

G/dL
4.18
Q.26
@.o8
.86 +
Q.S

R/G: 1.6€@




Serum Protein Electrophoresis

Polyclonal increase in gamma qalobulins

_‘ﬁ_ Normal
!_'J. Abnormal

Hypogammaglobulinemia

"“ ‘ Normal
" ‘ Abnormal

Moncclonal gammopathy (paraprotein)

2al . Normal
.f . Abnormal

Qi1 IgG kivouvtal atn y-meptoxi AAAA o1 IgA , IgM kai free
- K,A utopei va KPYBONTAL péoa oe augnuéveg p- opaipives -



;'—_-:_._AvooonAeKrppspopnan

Aev xpnauuomnelml wA€ov av Kai Oivel oToixeia yid To maBoAoyiko
N 0X! TOU KAQoHATOG.

= Capillary electrophoresis -

2.uvdUaoHOC NAEKTPOYOPNONG OE TPIXOEIDEC Kal avoookadidnong.
Ox1 1600 euaioOnTn, Hn emapkwe agioAoynpevn

KaenAwan(Immuno Fixation Electrophoresis, IFE)

ononc / avTidpaonG avi yovdu*mmlm_

H TTAEON ENAEAEITMENH ZTHN TAYTOTTIOIHXZH TOY
MONOKASINIKOY KAAZMATOZ KAI 2THN
TTAPAKOAOYOHXZH THZ OEPATIEIAZ-AEN E'TNATI
TTOZOTIKH!



Multiple Myeloma

Serum
~ Electrophoresis

Immunofixation G 1
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Waldenstroms Macroglobulinemia

Serum Immunofixation electrophoresis

1
- -
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SPE IgG IgA




- ——‘Z'Um%vuma-uvnvovoumvnowpmg ﬂt"fpwVTC(l HE paon Tnv avaKAadrﬁmu TPOKAAOUV. OE
= TpOoTiTTOV YWG opyavou. TloooTikomoinon He paon mpoTumn KapmUAn.

“ EXEL THN METAAYTEPH EYATZOHEIA KAT EIATKOTHTA
AINEI ATIOTEAEEMATA ZE AETITA
AIAXQPIZET OAEE TIZ TASEIZ ANOZOZTAIPINON
ANIXNEYEI EAEYOEPEZ k kai A AAYZIAEX

AEN TIPOZATOPIZET IgD.

IETNAT H TIIO AKPIBHS MEOOAOE AAAAL ERGIEYATHO
HN ANG HTH s

= KYKAOTEPHZ ANOXOATAXYZH ( TIPOXAIOPIZMOX IgD)
AkpIPng, €181kn, awoTeAéopara oc 2 nuépeg. Teivel va eyKaTaAeipOei.
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NEeEa 1eBoodoAoyia:
‘Bradwell. _AR_et. al Clin Chem
2001:47: 4: 680.

= Bradwell AR, et al. Serum
test for assessment

Previously

ofpatients with Bence Jones S RORen ] i
myeloma. Lancet 2003; 361: ., Target

489.

= TlIpoodiopilel eAcUOepeC
EAAPPIEG aAUTIOEG OE 0pO KAl
~_oUpa.

= JiloAUKAWVIKA aviioWwidTa Tou

L OEV! OIVOUV O1a0TAUPOUEVEG
avTiopaoceEIC




ZOyrolar) zudlgdnglde yzdadoNgy i)y

chains

-kappa Lambda Diagnostic
requirement
SPE 500 - 2,000mg/L | 500-2,000mg/L | Monoclonal bana
IFE 150-500mg/L | 150-500mg/L | Monoclonal band
Free light 1.5mg/L 3.0mg/L Abnormal k/A ratio
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Djsoznsizei zi dl,
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TToikiAia peTaél d1aWopeETIKWY
TapTidwv avridpaoTnpiwy

10-20%

Tepioocia avriyovou

MeyaAa mooooTa HeIiwoNG

YVWPIGIHOI ETTiTOMO!

AouUvnOec

AouvnBec (yeudne avtnon X10)




KatzZmannaJir~
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= Normal FLC k/ A: 0.26-1.65

- HOVOKAWVIKA K TTapampwTEivaipia
- HOVOKAWVIKA A TTapampwTelvaiyia

MOPAOTOZ. TTAPAMENET ZTAG% ZTI-Z—-—

AOEIEL
IV=HEH TON ATIOAYT.QN APTOMON

= $UCI0AOYIKO oce 5-10% TWV TEPIMTWOEWV
moAAamAoU pueAwparoc kai o 40% Twv MGUS
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. " MaCi pe enimteda P2-pikpoowaipivng Kai aApoupivnc a€ioAoyeitai
w¢ OtikTNG emiPpiwong oe woAAamwAoUv HUEAWHA.

= 2uvaéloloyeiTal wg apdywv KivdUVoU HETATTWONG HN EKKPITIKOU -
HUEAWHATOC O0€ HUEAWNA

=  A€loAoyeiTal wg deiKTNG avranokpionc oTn Oepaneia oTnv

m&:wwoﬂ e (]

0. TAaoHATOKUTTWHA .




Avieyzuar) roweETyouoie

||pw'r givoupia —‘._-»_ ae—— e
‘-.—"—"A‘ll’Ol}OAﬂ-TtQWTSIVHQ >150mg NHEPNTIWG.

- 15-20 mg Tou ouvoAou mou amoPaAAeTal YuaioAoyika givai
aAPoupivn

PuoioAoyika oTa oUpa dinBouvTal ot HiIkpa rood MONO ol
eAappECc aAuoideg Aoyw HIKpoU peyEBoucg. Ymrepmapaywyn Toug
ouverdayeTal avénpévn amoPoAn.

el

mauan TOU TANPOUG HOpiou avoooowdipivinG: avixveueTalsMONGL.
£ Gﬂ&lﬁaw =

TToooTikog mpoodiopiopoc Asukwpatoc oUpwv AEN ATAKPINEI
TPWTEIVOUPia HOVOKAWVIKAC Yappaowdipivorddeiac ano
Neppwoiko oUvdpopo
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= EWQ akuoideg = sy L E—
. omoio avuéveusl akPouyivn 6Tav amoPAaAAeTal oe To0d

- ““'—BOOmgf ay.

= H d16TnTa Twv K/A aAugidwy ’ va
avixvetovrtal ge paon tn mpokAnon GoAepoTnNTAC O OIAPOPETIKEG
Ocpokpaciec Exel

= TloooTikog mpoodiopiondc oe deiypa oUpwy 24Wpou avixveUel oAIKO
UKwHa oupmTepiAaupavopévwy Kai Twy. K/A aAucidwyv —

T ————
J‘PGM\/PQN SE

= TTIPOZAIOPIZMOZ EAEYOEPQIN AAYZIAQIN OYPQIN ZE
AEITMA OYPOIN 240POY.




Urine, Protein Electropheresis
J’,")J’}fﬂ] HOYORAWYIIG dY/og0gwad]o Wlf‘ grd )J,)_! 2=/

. — —

Glomerular - ‘

Nonselective

Tubular & M-protein
Albumin
Albumin

Negative
Glomerular 'l =

FIGURE 17 Several urine protein electrophoretic patterns are /__/\_\/J L__
A

shown from concentrated urine samples. The arrow indicates the
M protein in the third sample.

ollows: MFLC/24 h = (total protein concentration [mg/

ml]) X (ml/24 h) X (% MFLC b‘}r densitometry).
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—_;Iﬁcm-am_&mpapmn Blavvwan |.l1talV8I n apuAocidwon Kkai ol

OIayYVWOTIKEC OOKIHAGIEC OTOV 0pO €ival PUOIOAOYIKEG.

« Eav umapxel ndn Tautomoinpévn vooog Twv Papeiwv aAucidwv
emipePpaiwvel Tn diayvwon =

« Eav Tautomoin®ci HOVOKAWVIKA TPWTEIVN OTOV 0p0, N mapoucia TG
oc oUpa 24wpovu cival xpnoipog deikTng aloAoynongc TnG VEWPIKNG

- —- I T —




MSpike = 26 9/24 hr

FIGURE 3 Light-chain multiple myeloma serum (left) and urine (right) tested by PEL and IFE.




FIGURE 4 Primary amyloid tested by serum (left) and urine (right) PEL and IFE.




MeBoodoAoyiec umo acioAoynen- MALDI-TOFE

A B
§ SPEP IFE 2 Totallg
& }: o A v x L g Quantitation Ref. Interval
§ ol S 1g6:5080 767-1590 mg/dL
- - L
£ 1 e - & IgA19 61-356 mgldL
2 -n » Z M7 37-286 maldL
W pspike: 44 giL , oM 4

(4.4g/dL)
C D

Heavy

2 HLCIgG Ref. Interval chain e g FLC Ref. Interval
s ,
E 1965780 4341080 mglel \ / ¥ \ k781  0.33-1.94 mgldL
k-, Light 3¢, € \}
S 161606 177531 mgidl  chan ||| bauysn (E,;,Lf,,e 3:0.1190 0.57-2.63 mgldL
§ OxGL:955 106446 L3 %‘m Kfh 1656 0.26-165

E F

£ | : ‘
g -A | 4 ~IgA | z|
{ 3 I 3 { 0
0 | &) | ) 8 c |
= 2 & 2 v g | 2|
- G -6 | 7| —IgG G | 4
Q c | ~ lgM c | ~ IgM ° | =1
o 2 g € | o |
Qc | - E | Al 21
m !; 1: JV ( | E :
" i S | : il g ;
0 e ] . 1IVTS 0 O O e I O
© 11,200 11,400 1,800 11,800 12000 12200 2.4 . 11200 19,400 11500 11 500 12,000 1200 12 40 1000 1200 1400 1A00 10 2000 2200 240 a5 Fali (g 250 N ee
= Mass/charge Mass/charge Mass/charge Mass (Da)

MALDI-TOF LC-ESI-Q-TOF MS
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“_-—‘-’— | , ::--~ —- zh_> e —
= AvoooKkaBHAwat] o€ CUUTTUKVWHEVO OElypa oUpwy.

f—

= H moootikn HEB0do¢ avixveuonc eAcUBepwv aAucidwy K
N A ota oUpa elval PIKTN e VEPEAOUETPLa,
Xphoylomoleltal otnv mapakoAouBnon Bespamelog.

= SYMOAHPONEL aAdd AEN ANTIKAOGIZTA tnv -

" ANOZOKAGHAQZH. T —




AAMHAOYXTA ATAS2ZTIKOIN AOKIMAZTON [[TA ATATNSIZH
MOINGASCINIKAYINNANVIVIABOAIINGIIACSIAEIN!

S —— e
——

~ = TIPATO: HAEKTPOZOPHZH OPOY. ZE AFAPOZH
" Eav aviXVeUeTal HoVOKAWVIKO KAdopa Tautomoinon He ANOXOKAGHAQZH

Eav 10 povokAwviko kAdopa eivai >1.5g/dl/ akoAouOei
nAekTpowopnon/avoooka®nAweon oupwyv n sFLC.

= AEYTEPO: TToooTikOC mpoodIopIGHOC avooooWaipIvVWyV HE VEQPEAOHETpPIA.

= __OTAN, YITAPXEL

i

— Ymoyapuaogaipivaigia, e ——
‘augnon {Iac TacNciavooooya vn KaraoToAn Twyv
WY, dKOINTKAITEVTOC TWYV QUOIOAOYIKWY Opiwv

IBAAAETAT ANOZOKAOHANEZH AKOMA KAT OTAN AEN
EINAT ATAKPTTH KOPYZH =THN HAEKTPOZOPHEH OPOY.



A=IOAONHZH ATAINQZTIKOIN AOKIMAZIIN ZE AZOENEIZ ME
MYEASIMA KAT ZYNASEIZ AIATAPAXEZ

Dispensierietial, leucemiarz009, zs:zis=International myeloma
worsirlel grotle,

LV' . y R — 7» . . a;’;)— — -

" HAEKTpOYOPNON OpoU, avoookaBnAwon, SELC

— ..I:IAeKTpocpopnan/avoooKaenAwan oUpwv TTANTA o€ non
TauTonoINOEV KAdopa.

= sFLC éxouv Tnv peyaAUtepn mpoyvwoTikA onpacia oe OAEZ Tig
TAQOHATOKUTTAPIKEC OUOKPATIEG.

= sFLC ouviorarai yia mapakoAoUOnon aoOevwyv |E
wAdOUATOKUTTAPIKEG dUOKPACIEC 181AiTEPA OE AUTOUG HE
apuAocidwon N oAIYOEKKPITIKO HUEAWHA.

g.c AENIANTE YN, Tnv.nAcKTBEBEoRon otpwy g
W&-ﬂ KAdoja, APAKOAOYOHZH (=
POPHZH ZE A

EITMA 24wpou.

= pFLC ATTAPAITHTO kpitnpio mAnpoug avranokpionc otn Oepancia

= s: serum r:ratio



11. Detecting and Following Monoclonal Gammopathies W 121

TABLE 4 Response criteria for FLC determination?

FLC level and/or response or recommendation

Disease o :
Minimal Partial response  Complete response Stringent complete
measurable response

AL without measurable serum  iFLC = 10 mg/dl  50% reduction Normal fFLCand ND 50% increase of
or urine M protein bone marrow, iFLC to >10
complete re- mg/dl
sponse by IFE
MM without measurable serum iFLC 10 mg/dl 50% reductionof ~ ND Normal rFLC, 50% increase of
or urine M protein dFLC complete dFLC
response by
IFE, and bone

marrow

MM with measurable disease Donottest FLC ~ Donottest LC  Donottest FLC ~ Normal tFLCand Do not test FLC
bone marrow,
complete re-
sponse by IFE

4FLC, involved free light chain; rFLC, ratio of free kappa/free lambda light chain; dFLC, difference between involved FLC types and uninvolved FLC types; ND,
not determined. This table was modified from reference 66.

Progression




TABLE 5  International Myeloma Working Group criteria for response to therapy

Response IMWG criteria

Stringent complete response  Complete response, normal rFLC, and absence of clonal cells in bone
marrow by immunohistochemistry or immunofluorescence

Complete response Negative serum and urine IFE, disappearance of any soft tissue plasma-
cytomas, and <5% plasma cells in bone marrow

Very good partial response ~ Serum and urine M protein seen by IFE but not by electrophoresis or
=90% reduction in serum M protein plus a urine M protein level of

<100 mg/24 h

Partial response 250% reduction of serum M protein and reduction in 24-h urinary M
protein by 290% or to <200 mg/24 h




NOZHMA

Nooog¢ eAa@piwv aAugidwv
Apulogidwon

Mn €KKPITIKO JUEAWMA
MuéAwpa (TTARPES HOPI0)

MGUS

EYAIZOHZIA
100%
90-95%
60-70%

90-95%
40%




Ka‘ﬂ'ﬂ‘ia u’B’BEAowa_KaT dTOKAEIOTIKOTNTA Eev exel Tnv =
_dndiToUHeEVN evaioBnoia yia olayvwon, oTaodlomoinon, mpoyvwon.

.

= O karaAAnAoTepog ouvduaopog HeBodoAoyiwy avaAoya pe Thv
OUYKEKPIHEVN KAIVIKA €1KOva Eival aAnGela ToU
81'rC(V(15IC(1'tpaY|.IC(T£U8TC(I HE TEPICOOTEPEC HEAETEC Kal
peTaavaAuoeIG.

=  AmdpdiTnTn N EKTiHNon oAwv TwWv €pyacTnpiakwy gupnpaTwy padi.

‘Wﬂ}'a’hmn n oUyKpion pe mponyoUpeva auOTeAéaugLa,’*“‘

w IOTIKOC EAEYXOC TOU spyaampiou.




