e

Dextran hypersensitivity

s Today, vol. 30 Na. T

v

brei it

'

N

A. W. Richter and H. I. Hedin

Department of Biomedical Research, Pharmacia AB, Uppsala, Sweden

Dextran, a common plasma substitute, somelimes induces life- threatening hypersensilivi

reactions. In this article

Walfgang Richter and Harriet Hedin discuss recent evidence that these Type L anaphyluciic reactions, caused by
natural antibodies, can be abolished i by pretreatment of fratienis with monovalent hapten dextran.

The search for more efficient and safer plasma volume
expanders led to the introduciion of ')amml\,
hydrolyzed and purified dextrans into wedicine in
1947 (Ref. 1). Clinical dextrans have a molceular size
range comparable to that of plasma proteins and
arc prepared from native dextrans which are
polysaccharides of mol. wt 10-100 millions. The latter
are proc luced from  sucrose by enzymes, mainly
('(rl‘«(’(: from bacteria of Leuconosior spp (fm review see
Ref. 2). The dexivan molecules consist of more or less
bramhed chains of glucose units connected by a 16
bonds. The first generation of clinical dextrans had a
moderate degree of branching and hequcnth caused
immediate-type: allergic reactions involving the skin,
ratory tract and circulation. However, clinical
dextrans from European and American manufacturers
had varying incidence of reactions and it was found
that the conditions of?manufacrur i.e. the Leuconosioc
strain, degree of hydrolysxs, ;
high: mnleculax weight constituents were important in
diminishing reactions Smu‘ 19:),, B 512 dextran -
linear dextran catsing a minimum of allergie reac u«wx
and pmfi 19 ed by [cumﬂortocammen&mzdm strain NRRL
dwide. Until 96‘5 only a

few . cases: oi, dt‘xtrdn«md weed anaph )I wtotd/ana-
Uuwmu

>hylact1c ez ‘m)f)x ted.

s’ lr d (GRS
. ‘Smw wme of (h €se

thcm This mclur‘icd research on the i mxmnnowmmy
of dextran, sczoiugwa studles on normal tndividhals,
rmd on Lho:c pcop e »\ho r ac“ to dexiran, develop-
‘ahapixyl xS, haptm
ical multicenter trials to
ARs and the efficacy of
Apten pm‘)hylaxm work was done by "W,
Richter, H. Hedin, K. (}ranath, B. Ingelman and 1.
Renck (Rcsmrch ]')1v1510n "Phdrrnam ‘\H Uppsala,
Swed), Ko Messimer, L Ring, Nwdler and HL
L‘xulicmlml (Institute fur burmcd J\z':sf’u:'x.‘.h Univer-

& Blwevier Bioaedicnd Press 1992
L6711 9/8 2700000000/ 32.75

. extent of xcmu\/dl of

. humoml
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sity of Munich, FRG), K.-G. Ljungstrom (Danderyds
i‘lospm Danderyd, Sweden), K. Peter U. Gruher
(antonspital, Basel, Switzerland, Klinikum Gross-
hadern, University of Munich, FRG). D. Kraft, O.
Scheiner-and H. Rumpold (Institute for General and
Fxperimental Pathology, University of Vienna,
Austria), M. Devey (Institute of Tropical Medicine,
University of London), G. Stalenheim and J. Sjoqvi
(lnsuture of Medical Chemistry, Umversl
Uppsala, Sweden); H. J. Muller- Rberhard (5(;1‘ 5
(.lmxr and Research Foundation, La Jolla, Califor nn,)
and others.

Immunology of dextran
The antige y. of dextran was disclosed by its
510 ogxcal re ~with antibodies.to Leuconostor and

-pneumococci of types 11 and XX (for review sce Ref,

6). Later the.immunogenicity of native dextrans of
va1ymg structure. was  demonstrated in man’. e
immunogenicity of. B.512 dextran has been shc»\m to
be de )enc_knt on. its mmemiaz wc;mt i marn’ and
raouse®. “The choice  of - . enic mol. wi
range of 40,000~ 75,000 for elinical dexirans has been
influenced by these hndmg@ Tt inust be pointed oul
hcn‘ that the amaount o clinic I,@dv\tmn given {o
patients, pcr mfusxon (30 ~100- arans; npu\m.x
uv::w)w mlm dn ¢ ; chy

sl
Qs Known to be
by l:UQ

’mve atruct\

n‘txgcm h» wml« nl
coupling to protein’.. Such conjugates elicit « s
[gG - antidextran rcspon:c{ upon nmnumm(\m;
Clinical dextran docs not induce mltogvmc stimnula-

The anii detent nrmnt@ of different. dextrans
veflect their si nple.structure,. I"h(y ake constitured by
ollgosac charides contammg al~0, 1-2, 1-3 and 1ot
linked glucosyl residues in varying proportions?. §'he
clinically used B 512 dextran contains.about 9”"/0 al-06

linkages'. Inkibition studies indicated that cor.
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lucose residues, also suggesting the size range
cenic determinants’ A\xmdcxtmn combin-
g sttes may react with terminal or non- terminal
determinants’. The minimal size of the immimogentic
determvinants of B 512 dextran corresponds to two,
and exceptionally  single, ol-6 lLinked glucosyl
residues”. In mice, the imniune responses to the al-3
and wl=6 determinants of dextran'’!” have been
shown to be under separate genetic control. Thus,
high responder strains to the former may be low
vesponders to the latter, and vice versa. In man, high
andd low responders to B 512 dextran can also be dist-
dhmnnh(d‘“ imt the gcnctlc background has not been
stliod. Antidextrans in humans may belong to the
1( 1. IuA and Ig,M classes. Within the IgG class, the
tely, subgroup has been found to be p.cdommam‘ ?as
an expression of a restricted response.

Most people have patural dextran-reactive anti-
hodics (DRA)NM2021.2223 "They may be induced by
dexiran iiself or by cross-reactive microbial poly-
saccharides. Native dextran is ingested as a regular

fut

i

contaminant of sucrose®. Dextran is also a component

of dental plague, may occur in food, and is produced
by microorganisms of the gastrointestinal tract (cited
in Ref. 29). Recently, a ubiquitous antigen found in
the tissues and sera of human being 3 1dLm1ﬁcd as
native dextran. In e me n'\ with  gastrointestinal
disease, high levels of 40-260 ng/m serum  were
demonstrable®d, Tt i also <‘{ interest that in guinea pigs
the permic ability of the gastric mucosa to ingested
dextran is increased by acetylsalicylic acid in thera-
peutic doses; the influx of dextran into the civeulation
was  sulficient (o induce passive cutancous ana-
phylaxis?'. Thus, ample opportunity exists for dextran
to induce DRA in random human populations. On th
other hand, hyperimimune animal sera to prneumo-
coccd, streptococcd, Salmonella, and teichoic acids cross-
react with dextran (cited in Refl 20), so theoretically
DRA counld be induced by cross-immunization. In the
case of cross-reactive pneumococcal polysaccharides,
results of ;ni)s‘or]nion tests on human sera did not
support such a view?? (Table I).
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Feeriving subouianeous in

\nti-
Subicet Narive destran Bieeding . — before absorpuion
No. Code piceding CROSIT SXU with pneur i
polysaccharie
21 CEC-N 279 Pre-imraunization 0.3 I 0.9 1.0 1 1.8
Post- N 1.2 1.4 0.7 1.o 5.9 0.0
34 Pre- 09 05 09 05 ol 1.5
Post- b 1.0 1.3 0.4 0.6 14.9 [6.2
44 NRRL-B 742 Pre- . 1.5 0.0 0.6 0.6 3.0 5.1
Post- . 1.3 0.0 1.6 1.2 G.35 6.3
49 RRL-B 1254 Pre- " 0.7 2.8 0.0 0.0 0.8 0.5
Post- s 0.5 2.9 0.4 G.7 4.1 4
51 Pre- 600 12 03 27 A
Post. . 1.2 10 0.0 1.5 16,4 {71
T s Cpolysaccharide Froimn type I pucumococcus SN = v he for type X1
SIT = pacumocoecad polysaccharide s specific for type 11 SXX = pneumococcal polysac for type XX
From Ref. 22
Pathogenetic mechanisms
bt development of clinical sic
T . phylaxis has also been

the drug iself, s
Hics may be elicitors. With
rhe molecule itsell was incriminated
i "0 rather than impm"iii&ts““” but the
vole of macromelecular contaminants in pros oking
mild reactio be ruled out sirice trd( es of such
material ace den m«lmbk in the ma}oruy of clinical
dextran preparations®. 'The removal of impurities is
therelore wsu.l‘/lo “ml one manufacturer has recently
achieved this™ Denefits 1 may bc expectcd'b‘ut demnons-
trating thern difficult, for techoical and bio-

MELrIe reasons,

o ac
mneiahoi
ard to desiran
osevere ARs

e Cal

will be
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<=2" dextran infusion in
cof ¢ ,*'"(uuumq DRA were
34 A few years later, Kabar
stween

in"u with

soired oul m,f. :
ot al’ demonstrated a positive ‘*Plntmmlu )
skin tests to’ natve ckau high specific.precipitin
levels and a prope o systemic allerygic reactions
uponinfusion of vom B 510 and' B 512 clinical
d*‘*'u,ms into 101 volunteers
that DRA participate in (:llm,itmn of such'reactions:
However, Jacebsson?!, concluded that PIRA have no
pathogenic irnportance, since
volunicers \wtl high Dl\/\ levels® tolerate B~ 51?
doxtran infusmn Despite the many pubhbmn case
orts of ARs Immuniological obwr vations are rare
and give no clear picture ofcthe underly ‘ing
mu,ham sms. We thetefore studied the levels and

u)mp(ndmw of DRAIn sera frommany patients who

had experienced Alts of vavying severity and from nor-
mal individuals! Sera were (011(’( teel over 12 yes
from different countries. S

Fvanaphylactic shock in husans, sp‘cciﬁc gk
antibodies are often considerec responsible for the

the ‘great majority of .

The resultstindicated

class could be found be
cutaneous JLu[)h} vie i
bent technique, wnd
Flinked  antigen-antipiobuiin reaction®®. ‘Lhus
*\Rs do not conform 1o the concept of Igh-mediate d
anaph ylavw
Sera of dextran reactors were also examined o
DRA by passive hemagglutization?. In this way, total
activity of the Ig-clas: Ao Moand 13 is determined.
It is apparent from Fig. | that the tite )
positively related to the degree of severity of ARs.
patients with- severe reaciions bave high titers. [t
hasized that these results, have been

]

odified m(hum tive red-

should be
obtained from serum samples fortuitously  collected
from patients shortly before ARs occurred. If sera
drawn svon afrer ANs nic examined, erroneously
fow titers are found, die to neatralization of DRA by
the infused dextran.

A comparison bepwern DAt disuibutions in
patients witlt severe ARs and in a rancdom population
shows that 76% of the dexiran reactors and only 4% of
normals had high diters of 512 or more (Fig. 2).
Clearly, e group at risk is stnall <ubpu sulation of

high n,xpnnc‘m to dextran. Howev u)mp eisor of
the incidence of severe (

; UW 30%h) (m( the frequency
‘of high titers of DRA in norma people shows thatonly
a small proport ion of those with high titers (le‘vclnp
ARs. This is in accord with Jucobsson’s results?! and
may be explained by several sets of fadtors'. Sorne of
these aves lg-class and sobgioup composition, alfinity
‘and concentration of F)!.Ei,\ platelet™ fragility - and
responsiveness of the paticot’s vasenlar system.
For further an: x[\'w\ of DRA, the madified red-cell-

linked antiger-antiglobulin reaction was employed 1o
determine - To-class - and  subgroup - r,‘mnp\wum.“’.
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Grade of severity of AR

Fig. 1 Relationship between serum titers of he glutinating
DRA and grade of severity in patients with ARs.
Samples were collected prior to the dextran infusion (n = 84).
+ = [atal outcome.

(irom Hedin and Richrer, in press)
Dextran-reactive TeG antibodics of high titer were
regularly found in patients with scvere reactions. 1gG-
titer strongly corrclated with grade of severity; four

lethal cases all belonged to the highest titer range of

16,384 to 32.768. This corresponds to 0.1 mg DRA per
rum. In addition, high IgA-titers we
found. whereas T levels were Jow and lgl) anti-
bodies were absent. Al four subgonps of 1eG were
demonsirable but the contribution of 196G, we
sideredthe most imipertant.

Skin tests with clinical B 512 dextran were positive
in 32% of dextran reactors and often correlated with
high titers of liernagglutinaring DRAM™,

The best prediciive dingnostic test for dextran
hypersensitivity 15 determination of dextran reactive
TeGs. However, such a test can only delincate a risk
group of a few pe

re sometimes

m

S CO-

o4

ntin a random population, and
cannot predict individual predisposition,

Compienwnt

Sinee native dexiran can activate the alternative
patliway of complement fu viteo, it was suggested that
ARs might be i cd ina similar way (for review
see Refl A1), Complement profites were established for
dextran reactors 1o study this possibility. In addition,
serwmn carboxvpeptidase B levels were determined,
since Tow levels might lead to hich concentrations of
anaphylatoxin with  potential producing
activity. The most important finding was a significant

shock

the classical pathw
an reactors by immine complexes and accosd

s being

i

with the presence of high titers of DRA in patients
with severe reactions.
favour the ivation of the alternative pathws

infusion of clinical dextran.

Avatlable evidence does pot
y by

Lung histopathology
Histological examination of sections of hung tissue

1

from patients with fatal ARs showed occlusion of
£ 3 N - T

pulmonary vessels (Ref. 36 and unpublished data).

The occluding material consisied of platelets, Truko-

cytes and hyaline globull with the staining propertics

of Aibrin. These findings arc interpreted to suggest that
D l 7?)
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Titer of hermaggluticating DRA

Fig, 2 Distribution of serum titers of hemagglutinating DIRA
in individuals with no history of ARs, n = [,408 (upper
graph) and in patients with AKs of grades I to IV, 0 - 46
(lower graph).

(Froes Hedinand Richier in press)




have been

le antigen—antibody compl
deposited in the lungs and hoord
platelets by an interaction bet
cells and Fe-pieces of DR deposits
appearing as globular microthrambi are thought 1o be
due to activation of the coagulation system via its con-
nection with other plasma enzyme systems, e.g. the
complement system.
o
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corecoptors on

!

Conelusion

All these findings taken toge
immune complex (Type 1
nechanism of severe ARs. M
body-dependent or not. The scquence of events
leading to antﬂ)od) (!(‘pw)ugul ‘(‘.un.ms may  be
envisaged as follows. In a wm)»'-rnjf\n of
individuals with high titers of ; o5
class, infusion of clinical dextran
immune complexes. They activate complermnent and
aggregation of Ieukoc)t(‘ and platelets occurs. The
egated material is sequesiorod in e ling and
release of vasoactive medintors lea de 1o ania-
phylactic symptems. Since antiges
pioxes are of TR
ference with ¢
proposed as a nwans of },n-w!:tir'za'

ther strongly support
anaphylaxis as the
reactions may be anti-
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Fig, 3 Hlustration of the he apten inhibiten pr
Monovalent haptendexiran, be. Degtran.] (aH nde corppaetivine
to combiniag sites {4). of [RA (1) thus mr voriiroe Daronntion
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Hapten inhihition

A hap(c‘n is a substance capable
bodies with correspondi )
carmot induce antibody formation. Hapte )
pmvv'-(lcm or monovalent with regard to the number
of antigenic determinants. A no!walo
form complexes with antibodi as oan Arati ;
but a monovalent hapten can bind only to in
combining sites of antibodies g, 3 iilus?ralcs the
inhibition of immune complex formation by a
monevalent hapten.

Linding ro -
inding to

SpeC

L hapten m

In-vitro studies
Hapten inhibition of precipitation in the ¢dextran-
antidextran system has been extensively investiviged

by Fabat and co-wor

1

¢ (for review see
Only inhibition studies with B 312 desir
sidered here. Lsornalto-oligosaccharides comx%tmy of

al=6 Tinked glucosyl residucs were found mos
51\L Their inhibitory powcr increased strikingly from
mealms" to isomaltopentaose v‘ith jit further
1ncrease for isomalto- hg\amc‘ M‘rf HOSTRESE
TH were confirmed by micue of
‘imiilr st single racial ‘nnmuwoui
a destran fragment of ¢ glacose units fnnﬂ wi ‘)UH}
was found suitable as a mmm\uﬁi"n; hapten pre Spata-
tion for in-civo EXPCrINents.

Animal models

Hapten inhibition has been shown to preveni lethal
cytotropic dextran anaphvlaxis in guinen pigs.
Dextran cross-reactive rabbit antipnowmococeal type
I1 sera®® and rabbit antisera to B 512

dextran®® were
used for sensitization. The following inf hﬂ”"“lt"l on
the molecular mechanism was obieined 5
dextran fractions of varving size for
amount of sensitizing antibody ic eritics
dextran may clicit ar mphylrmx I strong
as mrmls‘, but not in weakly  sensitizec
fons always oxeried

3.0

inhibiig

Jiciting dexiean .
when  given r(tgci"\er with™ eliniting fractions. The
molecular weight of such prates tive isomalio-oiios

saccharides or desiran fracions ransed Som abong
FO00=10,000 (Ret 49,4 1), Inhibition of anapindaxis
was achww(l by a moderate’ molar excess of wnon.

(lxmmm/umimq fractions (1.9-7.6). With maxinu
sensitization,  the smAHest dextran fragment with
clicitor. adtion in pAsSSive ~ cutaneous '\mpl‘.yhxiq
proved to be isomaltodecacse (mol, wi 1,60 RN
Pable T/ In contrase, isomaliahexaose (ol wi “")())
never elicited onap Mmm ‘showii that it was traby
maonovalent hapten.

[t was also considerad important to study immnne
complex anaphylaxis in animals, since ARs in mao
venforn to fhls, type.For this purpose; o special Jow
maedecular dexiran product (Desiran 1, 15% solution)
comprisine o -sclected ixture of isomalio
oligosaccharides of mal, wi (¢
(hngelman et al..
tiliibitory o k
model wag e

factors other thy
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Fig. 4 Inhibiton by various mone- and olizo
precipitation of antidextran by dextran.

(From Ref. 3}

B 512 dextran by immunization with a protein-
dextran conjugate®?. Upon challenge of these dogs
1(’%5'(1 with 1T ml of ¢ lex? (ol wi

animals showed anaphylact
y QL\/\_!'IL‘)/'. Among reactors, severe reactions
oceurred in 37%. They were characierized by decrease
in cardize outpur and of mean artevial pressw
whereas pulmonary arterial pressure and pubmonary
resistance increased. Further, the number of circulat-
ing levkocytes and platelets fell, and a decrease in the
tier of DRA was roted. The administration of
Pextran 1 either as preinjection or as admixiure 16 the
challenging anaphylactogenic dextran, significantly
reduced both the incidence and the se\'m*ity of -
phylaxis. In the combined hapten-treated groups, only
16% o the dogs showed reactions. Among the

=

lll"&d(‘i' ang Ao
60.000)

~

Woreactions

reactors, 7% developed severe anaphylaxis™, Siniha
results were ohtained in non-anaesthetized dovs by
preinjection of Dextrant (Refl 43).

DPrecendion of adverse reactions i man

Clinteal trials with Destran 1 (Promit™, 159, Phar-
macia AB) were now considered. Theoretically, a
given dose should be more clfective when administered
as preinjection than when mixed with clinical destran.
Suitable doses, represeuting a molar excess of 50-20¢
tanes, were calculated from the number of amtiboly
combining sites of DRA of IgG-class insera of paticuts
with severe DIAR.

Clinteal studies were initiated in Sweden and
Germany in 1978, In cach patient, a preinjection of 10
oro 20 H of Dextran 1 or an adinixivre of 20 mtl of
Dextan F-500 ml of clinical dexivan is given. For ¢
pal Cnt, i protog ole -m..hnm“ infortation on sex, aue,
main diagnosis, type ol operation performcd cte., is
completed, When an adver action is obeerved or
suspected, details about the reaction and the patient's
history are obtained. Further, serum saaples drawn
before and after the reaction are analyzed for DRA
To achicve a uniform clissiticntion of reactions,

chim

and inmmanological data are continnously

of dextran fragments
cated by i
iphylaxis (PC.

) Challenging Mollwt PCASesion

agent Mw) area (mm?)
0.3 iM-6 990 0
0.3 1,038 0
6.3 3,100 121
0.3 10,500 121
na 71,000 289
0.9 990 0
0o 1,638 225
no 3,100 195
0.6 71.000 361

From x{tf 4]

TABLE L Statistical comparison (Fis s one-sided test) of the
tncidences of mitd and se ARs in paticnts
10 or 20 mi of Dextran | before infusion
cal dexoran.
\,vm Snlm‘mbrr 1981.

g

Deae Mild reactions
(Crades T+ 10D

s T4 1V)

e C 9735340
2000 3703048 = 0.0(
1roas .00 P 0006
Now cported incidence per patient of severe ARs without

om. Renck

ne

, B (Ljune
vial 1o be pubs

sten prophylasis is 0,037 %005
lishie

discussed between the physicians responsible and the
study co-ordination centre.

At present, trials are going on in six countri
nove Uran 100,000 patients have been investigated.
iy oresults from Scandinavia (Co-ordinators: H.
and FoGo Ljungstrom) and Boavaria (Co-
crdinators: Ko Messmer, Ko Peter and H. Laubenthal)
are "‘t‘p('ﬂ‘twl in Kelo 44 and in Table HIL A dose-

dependent prop! hwlae 11( effect of preinjection of
The incidence of severe ARs is
5 1,;, with the 10 ml dose and by 90%
in comparison with controls
< . Rinck ef af, to be published). The pro-
viactic ofiect of admixtwre of Dextran 1 to linical
dextran onosevere ARs s insignificant. The clinical
results are su ‘;‘)Orrc d by immunological (indings
(DA titer analysis), indicating attenuation of severe
reactions into mild ones. The incidence of mild reac-
tions is affected only slightly by | wpte n prophylaxis,

The series of fovestigations deservibed here demon-
strates the ;:',\],I,mblhty of La}m*n imhibition 1o the
climination of wdverse drug reactions - a principle the
P adso heen applicd to p(‘m\mm atlergy?
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