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Sazetak

Uvod: Urodena bisalbuminemija je rijetka bolest, najcesce prisutna u benig-
nom obliku, dosad opisivana u nekoliko patoloskih stanja. Ve¢ su opisane dvi-
je genske varijante kod dvije hrvatske obitelji. U ovom radu izvjeStavamo o
novom slucaju bisalbuminemije kod bolesnika iz Hrvatske sa sarkoidozom.

Metode: Bolesnik je, od strane lije¢nika opce prakse, upucen u KB ,Sestre mi-
losrdnice” na dijagnosticki pregled pod sumnjom na sarkoidozu. Napravljena
je kapilarna elektroforeza proteina u serumu s automatiziranim uredajem za
kapilarnu elektroforezu.

Rezultati: Temeljem laboratorijskih i patoloskih nalaza potvrdena je sarkoi-
doza. Elektroforezom u serumu otkrivene su dvije razlicite frakcije albumi-
na. Dodatna frakcija albumina bila je sporo migrirajuca. Ta sporo migrirajuca
frakcija Cinila je 0,48, a normalna 0,51 ukupnog albumina. Sestra bolesnika
takoder je imala bisalbuminemiju.

Zakljucak: Ovo je novi slucaj urodene bisalbuminemije kod bolesnika sa sar-
koidozom. Ima li bisalbuminemija ikakve veze sa sarkoidozom, potrebno je
tek razjasniti. Svaki slucaj pojave urodenih ili stecenih frakcija albumina tre-
bao bi probuditi paznju medicinskih biokemicara i klinicara, jer bi mogao pru-
Ziti uvid u evoluciju proteina kao i u fizicke, kemijske i molekularne karakte-
ristike albumina.

Kljucne rijeci: bisalbuminemija; kapilarna zonska elektroforeza; geneticka
heterogenost; sarkoidoza; albumin u serumu
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Abstract

Background: Inherited bisalbuminemia is rare, mostly benign state, which
has so far been described in several pathological conditions. Two genetic va-
riants have already been described in two Croatian families. Herein we report
a new case of bisalbuminemia in a Croatian male patient with sarcoidosis.

Methods: The patient was referred by a general practitioner to our hospital
for a diagnostic work up for suspected sarcoidosis. Serum capillary protein
electrophoresis was performed with automated capillary electrophoresis sy-
stem.

Results: Based on laboratory and pathologic findings, diagnosis of sarcoi-
dosis was confirmed. Serum electrophoresis revealed two distinct albumin
bands. Additional albumin variant was slow-migrating. The slow and a nor-
mal band made up for 0.48 and 0.51 of the total albumin, respectively. The
patient’s sister was also bisalbuminemic.

Conclusions: This is a new case of inherited bisalbuminemia in a patient wi-
th sarcoidosis. Whether bisalbuminemia has any relevance to sarcoidosis, re-
mains to be elucidated. Clinical chemists and clinicians should be alerted by
every case of either inherited or acquired albumin variant, because it could
provide insight into the protein evolution as well as the physical, chemical
and molecular characteristics of albumin.

Key words: bisalbuminemia; capillary zone electrophoresis; genetic hetero-
geneity; sarcoidosis; serum albumin
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Uvod

Bisalbuminemija predstavlja rijedak poremecaj karakteri-
ziran pojavom dviju vrpci u albuminskoj frakciji prilikom
elektroforeze proteina u serumu. (1). Taj poremecaj albu-
mina moze biti uroden ili ste¢en. Albumin u serumu nije
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Introduction

Bisalbuminemia represents a rarely encountered abnor-
mality, characterised by the occurrence of bicuspid elec-
trophoretic pattern in the albumin fraction detected on
serum electrophoresis (1). This albumin abnormality may
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glikoliziran, negativnog je naboja i ¢ini najvedi dio plaz-
matskih proteina. Minchiottii sur. nedavno su iscrpno izvi-
jestili o mutacijama i polimorfizmima na genu za albumin
(2). Dosad je poznato 77 mutacija, od kojih 65 rezultira bi-
salbuminemijom u serumu, a 12 analbuminemijom (sta-
nje koncentracije albumina u serumu nize od 1 g/L). Uro-
dena bisalbuminemija je autosomno dominantno stanje
(3) koje se pojavljuje s ucestalos¢u od 1:1.000 do 1:10.000
(4). Steceni oblici bisalbuminemije opisani su u bolesnika
koji su primili visoke doze penicilina (5,6) te u bolesnika s
ascitesom i pseudicistom gusterace (7).

lako je u vedini slucajeva benigna, bisalbuminemija se
opisuje u nekoliko patoloskih stanja, kao $to su nefroticki
sindrom (8,9), kroni¢na bolest bubrega (10), Alzheimerova
bolest (11) i benigna monoklonska gamapatija (12). Dvije
genske varijante vec¢ su opisane kod dvije hrvatske obite-
lji: sporo migrirajuci albumin Zagreb i brzo migrirajudi al-
bumin Krapina (13, 14).

U ovom ¢lanku izvjeStavamo o bisalbuminemiji kod ¢etr-
deset3estogodisnjaka iz Hrvatske, koji boluje od sarkoido-
ze. Koliko nam je poznato bisalbuminemija jos$ nije opisa-
na u bolesnika s sarkoidozom.

Materijali i metode

Prikaz slucaja

Cetrdesetdestogodiinjak iz Hrvatske (M.L.), nepusaé, upu-
¢en je od strane lije¢nika opce prakse na Kliniku za unu-
tarnje bolesti Klinicke bolnice “Sestre milosrdnice” (Zag-
reb, Hrvatska) na dijagnosticki pregled sa simptomima
erytheme nodosum donjih ekstremiteta i bilateralne hilar-
ne limfadenopatije. Bolesnik nije imao temperaturu, nije-
kao je umor i bilo kakve probleme u dishom sustavu. Nje-
gova je anamneza ukljucivala hiperlipidemiju u posljed-
njih 15 godina i povecano konzumiranje alkohola (1 litra
vina dnevno) tijekom posljednje dvije godine. Bolesnik je,
prema svojim rije¢ima, tijekom prethodnog tjedna 3 da-
na preventivno uzimao azitromicin zbog moguce bolesti
prenosive ubodom kukca. Tijekom dva tjedna prije dolas-
ka u nasu Kliniku, bolesnik je bio na pretragama u drugim
ustanovama i dobiveni rezultati bili su sljedeci: scintig-
rafija kostiju donjeg dijela noge bila je uredna, rendgen
donjeg dijela noge pokazao je osteoidni osteom u lijevoj
potkoljenici, rendgen prsa otkrio je bilateralnu hilarnu
limfadenopatiju, urinokultura je bila negativna, ultrazvuk
bubrega pokazao je dvije male ciste na lijevom bubregu.
Broj eritrocita, broj leukocita, C-reaktivni protein, mokrac¢-
na kiselina i reumatoidni faktor su takoder bili unutar gra-
nica referentnog raspona. Bolesnik je imao normalnu tje-
lesnu tezinu i inace se dobro osjecao. Bolesnik je primljen
u nasu kliniku na daljnji dijagnosticki pregled.

Bolesnik je dao informirani pismeni pristanak za objavlji-
vanje ovog prikaza.
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be both genetic and acquired. Serum albumin is non-
glycosylated, negatively charged, most abundant plasma
protein and its mutations and polymorphisms have re-
cently been extensively reviewed by Minchiotti et al. (2).
So far, there are 77 known mutations of the serum albu-
min gene, with 65 of them resulting in bisalbuminemia
and 12 in analbuminemia (state of serum albumin con-
centration less than 1 g/L). Inherited bisalouminemia is
an autosomal dominant condition (3) which occurs with
the cumulative frequency of 1:1000 to 1:10,000 (4). Acqui-
red forms of bisalbuminemia are described in patients re-
ceiving high penicillin doses (5,6) and in patients with as-
cites or pancreatic pseudocyst (7).

Though being mostly benign, bisalbuminemia has been
described in several pathological conditions such as nep-
hrotic syndrome (8,9), chronic kidney disease (10), Alzhei-
mer disease (11) and benign monoclonal gammopathy
(12). Two genetic variants have already been described in
two Croatian families i.e. slow-migrating albumin Zagreb
and fast-migrating albumin Krapina (13,14).

In this article we report a case of bisalbuminemia in a 46-
year-old Croatian male patient with sarcoidosis. To the
best of our knowledge, bisalbuminemia in sarcoidosis
has not yet been reported.

Materials and methods

Case history

A 46-year-old non-smoking male Croatian (M. L.) was re-
ferred by a general practitioner to the University Depar-
tment of Internal Medicine, Sestre milosrdnice University
Hospital (Zagreb, Croatia) for a diagnostic work-up with
symptoms of erythema nodosum of lower extremities and
bilateral hilar lymphadenopathy. The patient was afebri-
le, denied fatigue and any respiratory symptoms. His pa-
st medical history included hyperlipidemia for the last 15
years and excessive alcohol consumption (1 liter of wine
daily) for the last two years. The patient claimed he had
received a three-day prophylactic course of azythromicin
during the previous week for diseases transmitted by in-
sect bite. Prior to his visit to our Department, the patie-
nt had during a two-week period undergone some exa-
minations elsewhere and obtained the following results:
bone scintigraphic examination of the lower leg showed
no abnormalities, radiograph of the lower leg showed
osteoid osteoma in the left tibia, chest radiograph revea-
led enlarged bilateral pulmonary hila, urine culture was
negative, kidney ultrasound showed two small cysts on
the left kidney. Red blood cell count (RBC), white blood
cell count (WBC), C-reactive protein, uric acid, rheumat-
hoid factor were also within referent interval. The patient
was of normal body weight and otherwise well. He was
admitted to our Department for further diagnostic wor-
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Metode

Nas$ standardni dijagnosticki pregled u slu¢aju sumnje na
sarkoidozu ukljucuje standardni elektrokardiogram (EKG)
te rendgen pluca. Bolesnika je pregledao pulmolog. Nap-
ravljena je i spirometrija, kako bi se procijenio forsirani vi-
talni kapacitet (engl. forced vital capacity, FVC), forsirani
ekspiracijski volumen u prvoj sekundi (engl. forced expira-
tory volume in 1 second, FEV1) te omjer FEV1/FVC.

Od bioloskih uzoraka, uzeti su mokraca, serum i plazma
(EDTA i citrat), kako bi se nacinile rutinske laboratorijske
pretrage. Biokemijski parametri odredeni su na automati-
ziranom biokemijskom analizatoru Olympus AU2700 (Ol-
ympus, Hamburg, Njemacka). Hematoloski i koagulacij-
ski parametri odredeni su automatiziranim analizatorima
Cell-Dyn Sapphire (Abbott Laboratories, Abbott Park, IL,
SAD), odnosno BCS Coagulation Analyzer (Dade Behring,
Marburg, Njemacka).

Koncentracije imunoglobulina IgA, IgG i IgM odredene
su nefelometrijom na automatiziranom analizatoru BN I
(Dade Behring, Marburg, Njemacka).

Kapilarna elektroforeza proteina u serumu napravljena je
automatiziranim sustavom za kapilarnu elektroforezu Ca-
pillarys System (Sebia, Issy-les-Moulinaux, Francuska) pre-
ma uputama proizvodaca reagensa Capillarys protein(E)
6 (Sebia, Issy-les-Moulinaux, Francuska). Ukratko, uzorci
se razrjeduju u analizatoru u omjeru (1:10) i zatim se injek-
tiraju na anodnom kraju silikonskih kapilara. Molekule s
nabojem odvajaju se u bazi¢cnom puferu (pH 9,9) prema
elektroforetskoj pokretljivosti na 300 V. Odvajanje protei-
na odvija se u kapilarama, a proteini se detektiraju na ka-
todnom kraju kapilara pri 200 nm.

Dijagnoza sarkoidoze postavljena je na osnovi bolesniko-
ve anamneze, klini¢kih simptoma i laboratorijskih i pato-
loskih nalaza.

Rezultati

Medicinskim pregledom otkriveno je slijedece: rendgen
bolesnikovih pluca potvrdio je prethodno primije¢enu bi-
lateralnu hilarnu limfadenopatiju, bez ikakvih promjena
u intersticiju. Spirometrija je pokazala normalnu pluénu
funkciju: forsirani ekspiracijski volumen u prvoj sekundi
(FEV1) od 4,491 (118%)) i forsirani vitalni kapacitet (FVC) od
5,221 (115%); omjer FEV1/FVC bio je 0,95.

Hematoloski, koagulacijski te vec¢ina biokemijskih para-
metara bili su unutar granica referentnog raspona, s iz-
nimkom koncentracije ukupnog kolesterola (7,7 mmol/L;
preporucena vrijednost <5,0 mmol/L), koncentracije LDL-
kolesterola (5,3 mmol/L; preporuéena vrijednost <3,0
mmol/L) i aktivnosti angiotenzin-konvertiraju¢eg enzima
(engl. angiotensin-converting enzyme, ACE) (64,5 U/L; refe-
rentni raspon <52 U/L) koje su bile povisene. Koncentraci-
ja imunoglobulina IgM, IgA i IgG u serumu bila je unutar
granica referentnog raspona.

Bisalbuminemia in a patient with sarcoidosis

k-up. Written consent was obtained from the patient to
publish this report.

Methods

Our standard diagnostic work-up for suspected sarcoido-
sis included: standard 12-lead electrocardiogram (EKG),
chest X-ray radiography. The patient was seen by a pul-
monologist. He underwent spirometry examination to
assess the forced vital capacity (FVC), forced expiratory
volume in 1 second (FEV1) and the FEV1/FVC ratio.

Urine, serum and plasma (EDTA and citrate) were collec-
ted for routine laboratory tests. Biochemistry paramete-
rs were assayed on automated Olympus AU2700 clinical
chemistry analyzer (Olympus, Hamburg, Germany). Hae-
matology and coagulation parameters were determined
with automated analyzers Cell-Dyn Sapphire (Abbott
Laboratories, Abbott Park, IL, USA) and BCS Coagulation
Analyzer (Dade Behring, Marburg, Germany), respecti-
vely.

Immunoglobulin IgA, IgG and IgM concentrations were
determined by nephelometry using the automated BN Il
analyzer (Dade Behring, Marburg, Germany).

Serum capillary protein electrophoresis was performed
with automated capillary electrophoresis Capillarys Sys-
tem (Sebia, Issy-les-Moulinaux, France) according to ma-
nufacturer’s instruction for Capillarys protein(E) 6 kit (Se-
bia, Issy-les-Moulinaux, France). Briefly, the samples, au-
tomatically diluted with buffer (1:10), were injected at the
anodic end of silica capillaries. Charged molecules were
separated by their electrophoretic mobility in an alkali-
ne buffer (pH 9.9) at 300 V. Protein separation was per-
formed in capillaries and direct detection of proteins was
made at 200 nm at the cathodic end of the capillary.
Diagnosis of sarcoidosis was made based on patient his-
tory, compatible clinical features along with laboratory
and pathologic findings (15).

Results

Medical examination revealed the following: patient che-
st radiography confirmed previously observed enlarged
bilateral pulmonary hila, without any interstitial changes.
Spirometry revealed normal ventilation: forced expirato-
ry volume in one second (FEV1) of 4.94| (118%), and for-
ced vital capacity (FVC) of 5.221 (115%); FEV1/FVC ratio
was 0.95.

Haematological, coagulation and most of the biochemi-
cal parameters were within the normal range with the
exception of total cholesterol (7.7 mmol/L; recommen-
ded value <5.0 mmol/L), LDL-cholesterol concentration
(5.3 mmol/L; recommended value <3.0 mmol/L) and an-
giotensin-converting enzyme (ACE) activity (64.5 U/L; re-
ferent range <52 U/L) which were elevated. The patient
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Elektroforeza serumskih proteina otkrila je dvije razlici-
te frakcije albumina na anodnom kraju (Slika 1.). Frakcije
su bile nejednakih relativnih koli¢ina. Nova vrsta albumi-
na bila je sporije migriraju¢a nego standardni albumin.
Ukupna koncentracija proteina bila je 65 g/L, s omjerom
albumina prema globulinu 1,63 (referentni raspon 0,80-
2,00). Udjeli sporo migriraju¢eg i normalnog albumina bi-
le su 0,48, odnosno 0,51 od ukupnog albumina. Tri, od-
nosno Sest mjeseci nakon prvog posjeta klinici ponovno
smo ispitali serum bolesnika, koji je jo3 uvijek imao bisal-
buminemiju.

Bolesnikova najbliza rodakinja (sestra, D.L.) takoder je
pristala dati uzorak krvi. Elfelogram serumskih proteina
njenog uzorka bio je identican slici naseg bolesnika s bi-
salbuminemijom (M.L.), $to je ukazalo na nasljednu priro-
du te vrste albumina.

Rasprava

Prije viSe od 50 godina vise je autora opazilo bisalbumi-
nemiju (1,16,17) i od tada je taj poremedcaj intenzivno is-
pitivalo nekoliko istrazivackih skupina. Dosad je velika
vecina promjena molekule albumina opsezno okarakte-
rizirana (2). Ta su saznanja ¢vrsta osnova za daljnja istra-
Zivanja o svojstvima vezanja liganda na molekule albu-
mina (18,19,14). lako su opisane frakcije s promijenjenim
afinitetom prema trijodtironinu (T) i tiroksinu (T,) (20),
te masnim kiselinama (21), izgleda da je ukupan ucinak
promjene sekvence aminokiseline na karakteristike ve-
zanja liganda zanemariv i od manjega klinickog znacaja.
Nadalje, o bisalbuminemiji se dosad najcesce izvjestavalo
kao o benignom stanju, zapazenom kao popratna poja-

Bisalbuminemia in a patient with sarcoidosis

had serum IgM, IgA and IgG immunoglobulin concentra-
tions within the normal range.

Serum electrophoresis revealed two distinct albumin
bands at anodic end (Figure 1). The bands were of un-
equal relative amounts. New albumin variant band had
slower mobility compared to normal albumin. Total pro-
tein concentration was 65 g/L, with the albumin to globu-
lin ratio of 1.63 (reference range: 0.80-2.00). Slow-migra-
ting and normal band concentrations were 0.48 and 0.51
of the total albumin, respectively. The patient’s serum
was re-examined and remained bisalbuminemic three
and six months after his first visit.

The patient’s first degree relative (sister, D. L.) also con-
sented to give blood sample. Her serum electrophoretic
pattern was identical to our bisalbuminemic patient (M.
L.), which indicated the inheritable nature of the aloumin
variant.

Discussion

Bisalbuminemia was observed by several authors more
than 50 years ago (1,16,17) and it has been under inten-
se investigation by several research groups ever since.
So far, vast majority of albumin molecular defects have
been extensively characterized (2). Those data have pro-
vided solid basis for further studies on the ligand binding
properties of the albumin molecule (14,18,19). Although
variants with altered affinity to triiodothyronine (T,) and
thyroxine (T,) (20), fatty-acids (21) have been described,
the overall effect of the amino-acid sequence change on
the ligand-binding properties is supposed to be negli-
gible and of minor clinical significance. Furthermore, bi-
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SLIKA 1. Kapilarna elektroforeza proteina u serumu od bolesnika sa
sarkoidozom. Proteini u serumu odijeljeni su u sljedece frakcije: Albg
(novopronadena frakcija albumina spore migracije), Alby (standardni
albumin), a,, a,, B,, B, i y globulini.

Biochemia Medica 2008;19(1):95-100

FIGURE 1. Capillary electrophoresis of serum proteins from a pa-
tient with sarcoidosis. Serum proteins are separated into following
fractions: Albg (newly encountered slow-migrating albumin varia-
nt), Alby (normal albumin), a;, a,, B;, B, and y globulins.
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va osnovnoj bolesti ili patoloskom stanju. Jedinu iznimku
predstavlja obiteljska bisalbuminemijska hipertrijodotiro-
ninemija o kojoj su prvi put izvijestili Sunthornthepvara-
kul i sur. (22) kod ¢lanova obitelji s Tajlanda s klini¢ki nor-
malnom funkcijom gusterace i visokom koncentracijom
ukupnog T u serumu. Nakamura i sur. (23) pruZili su dalj-
nje dokaze o ulozi frakcija albumina kao uzroka hipertri-
jodotironinemije u podlozi kod 56-godiSnje Japanke. Kli-
nicki bi endokrinolozi uvijek trebali uzeti u obzir mogucu
prisutnost frakcija albumina kod bolesnika s povisenom
koncentracijom T, i T, ako ne postoje drugi ocigledni raz-
lozi za to povecanje. Vise je autora prikazalo nadmocénost
kapilarne zonske elektroforeze (engl. capillary zone elec-
trophoresis, CZE) u usporedbi s elektroforezom u agaroz-
nom gelu (engl. agarose gel electrophoresis), zbog bitno
poboljsanog razdvajanja albumina, a, i a, frakcija (1,12).
Stoga, ako se sumnja na prisutnost frakcija albumina, tre-
ba provesti kapilarnu zonsku elektroforezu, bududi da je
to metoda prvog izbora za takve slucajeve.

U ovom smo radu prikazali jedan novi slucaj urodene bi-
salbuminemije kod bolesnika sa sarkoidozom. Prema na-
$im spoznajama bisalbuminemija do sada nije opisana u
bolesnika sa sarkoidozom. Sarkoidoza je bolest nepozna-
te etiologije, koja zahvaca vise organa s visestrukim klini-
¢kim manifestacijama i patoloskim nalazima. Ima li pojava
bisalbuminemije ikakve vaZznosti za etiopatofizioloski me-
hanizam ove bolesti jest pitanje koje tek treba razjasniti.
Mi, nazalost, trenutno nismo bili u moguénosti dalje istra-
Ziti sekvencu DNA, kao niti strukturne i funkcionalne oso-
bine ove frakcije albumina. Nas je cilj takvu analizu napra-
viti u suradnji s drugim istraZivackim skupinama.

I medicinski biokemicari i lije¢nici bi uvijek trebali biti na
oprezu kod svakog novog sluc¢aja pojave urodenih i ste-
¢enih frakcija albumina, jer bi to moglo pruziti nove po-
datke o evoluciji proteina kao i o fizickim, kemijskim i mo-
lekularnim karakteristikama molekule albumina, $to moze
dovesti do otkric¢a i razvoja novih potencijalnih pristupa
terapiji. Ako se, pak, dokaze da je stecena, slucaj bisalbu-
minemije moze ukazati na neko osnovno patofiziolosko
stanje, kao npr. pseudocistu gusterace, pruzajuci lije¢ni-
ku dodatne klinicke informacije koje mogu pomoci pri
postavljanu diferencijalne dijagnoze.
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salbuminemia has so far most commonly been reported
as benign condition, found as a concomitant phenome-
non, secondary to the underlying disease or pathologi-
cal condition. The only exception is familial dysalbumine-
mic hypertriiodothyroninemia, first reported by Sunthor-
nthepvarakul et al. (22) in a clinically euthyroid members
of a Thai family that presented with high serum total T,
concentration. Further evidence on the role of albumin
variant as the underlying cause of hypertriiodothyronine-
mia was provided by Nakamura et al. (23) in a report on
a 56-year-old Japanese female. Clinical endocrinologists
should always consider the presence of possible albumin
variant in a patient with elevated T, and T, when there
are no other obvious reasons for this increase. Capillary
zone electrophoresis (CZE) has been shown by some aut-
hors to be superior to agarose gel electrophoresis becau-
se of the substantially improved separation of albumin,
a, and a, fractions (12,24). Therefore, when the presen-
ce of albumin variant is suspected, CZE should be perfor-
med since it is the electrophoretic method of choice for
this purpose.

In this study, we present a new case of inherited bisalbu-
minemia in a patient with sarcoidosis. To the best of our
knowledge, bisalbuminemia has never been previously
reported in sarcoidosis. Sarcoidosis is a multisystem di-
sease of unknown aetiology with multiple clinical mani-
festations and pathological findings. Whether the occur-
rence of bisalbuminemia has any relevance to the etio-
pathophysiological mechanism of this disease remains
to be elucidated. At this moment we were unfortunately
not able to further explore the nucleic acid sequence as
well as the structural and functional characteristics of this
albumin variant. It is our aim to perform such analysis in
collaboration with some other research groups.

Both clinical chemists and medical doctors should always
be alerted by every new case of either inherited or acqui-
red albumin variant because it could provide some new
data on the protein evolution as well as the physical, che-
mical and molecular characteristics of the albumin mole-
cule, which may lead to the discovery and development
of some new potential therapeutic approaches. If pro-
ven to be acquired, bisalbuminemia finding may point to
some underlying pathophysiological condition such as
pancreatic pseudocysts, offering the physician some ad-
ditional clinical information which may help in differen-
tial diagnosis.
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