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Rabbits immunized with synthetic HLDF differentiation factor developed hemorrhagic
stroke with thrombosis of small cerebral vessels and destruction of vascular endothelio-
cytes. The severity of stroke correlated with serum level of antibodies to differentiation
factor. The role of different sites of HLDF molecule in the induction of clinical signs of

hemorrhagic stroke was studied.
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Molecular mechanisms of acute circulatory dis-
orders developing in cerebrovascular diseases are
now actively studied. However, there is still no
adequate model of acute disorders in cerebral cir-
culation: all models are based on occlusion of the
carotid arteries, i.e. mechanical injury to large ves-
sels [10]. An alternative approach to creation of ade-
quate experimental models of cerebrovascular dis-
orders in animals is injection of vasoactive protein
factors. Variations in the concentrations of these fac-
tors are a peculiar marker of these conditions [12].
One of these proteins is human leukemia dif-
ferentiation factor (HLDF) [3]. HLDF protein and
the corresponding autoantibodies are involved in
the mechanisms of development of acute disorders
in cerebral circulation of hypertensive origin [6].
HLDF is a glycosylated protein with a mole-
cular weight of 8.2 kDa [3]. It induces differen-
tiation of actively proliferating HL-60 cells and par-
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ticipates in apoptosis processes. Two active frag-
ments of HLDF are identified: six-member peptide
fragment (HLDF-6) completely retaining differen-
tiating activity of the initial protein and possessing
antiapoptotic and cell-protective properties and eight-
member peptide (HLDF-8) capable of inducing
programmed cell death [1,2]. HLDF is present in
mammalian and human blood and nervous system,
while the peptide fragments of this protein are es-
sential for cognitive functions [14]. Hemodynamic
activities of differentiation factor peptides HLDF-8
and HLDF-24 modifying arterial pressure and heart
rate were demonstrated [4].

We studied neuroimmunological, structural, and
morphological changes in animals after active im-
munization with HLDF and its peptide fragments.

MATERIALS AND METHODS

The study was carried out on Chinchilla rabbits.
Males (2 kg) were immunized with synthetic HLDF
and its bioactive fragments HLDF-6, HLDF-8, and
HLDF-24 by the standard protocol for obtaining
antisera [9]. Since peptide fragments HLDF-6 and
HLDF-8 are not immunogenic (because of their
small size), they were conjugated with KLH (key-
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hole-limper hemocyanin) carrier protein with gluta-
raldehyde. Peptide conjugate was obtained by the
standard method [9]. The blood was collected 1
month after immunization and then every 2 weeks.
Serum antibodies were evaluated by ELISA every
2 weeks [9]. After manifestation of signs of neuro-
degenerative disorders (as a rule on day 65 of im-
munization) the rabbits were sacrificed under nar-
cosis and the brain was fixed in formalin. Paraffin
sections of the brain were stained with hematoxylin
and eosin by the standard method and examined
under a microscope.

RESULTS

Immunization of 5 rabbits with synthetic full-length
HLDF resulted in the formation of polyclonal anti-
bodies to this protein. When titers of serum anti-
bodies reached 1:1000, the animals exhibited sym-
ptoms resembling the clinical picture of acute
stroke in humans (difficult breathing, paralysis of
lower limbs, paresis of cervical muscle, frequent
urination). Impairment of the blood-brain barrier in
these rabbits was seen from 3-fold increase in serum
content of S100b neurospecific protein in compari-
son with intact animals. Similar changes were ob-
served in patients with acute stroke [15].

Histological study of the brain tissues revealed
disorders in cerebral circulation by the hemorrhagic
type. Analysis of sections stained with hematoxylin
and eosin showed pronounced perineuronal and
perivascular edema in the white and gray matter.
Hemorrhagic infiltration around small vessels in
the subcortical nuclei indicated high permeability
of these vessels (Fig. 1.). Homogeneous substance
(hyalin clots) was detected in capillaries. Formation
of apoptotic bodies was seen in vascular endothe-
liocytes (Fig. 2). The cells were oval or round, pyk-
notic nuclei were surrounded with a light cytoplasm
rim. Capillary thrombosis caused blood stasis and
led to erythrocyte hemolysis in cerebral vessels and
to the development of the sludge syndrome. These
changes were also detected in the cerebellum of
immunized animals. Thrombosed vessels were seen
at the interface of the white and gray matter of the
cerebellum. According to histological analysis of
cerebral tissues, small focal disorders of cerebral
circulation were numerous and resulted from re-
peated microstrokes.

Similar morphological picture was observed in
animals (n=5) immunized with HLDF-24 peptide
fragment, characterized by higher immunogenic
activity in comparison with full-length factor. Anti-
body titer reached 1:16,000. HLDF-6 and HLDF-8
peptides were not immunogenic, but immunization
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with their conjugates with snail hemocyanin indu-
ced production of antibodies. Clinical picture after
immunization with HLDF-8-KLH conjugate was
virtually the same as in animals immunized with
full-length factor (hind limb paralysis, cervical muscle
paresis). Autopsy showed numerous hemorrhages
in the brain.

HLDEF-6-KLH conjugate was very weakly im-
munogenic, antibody titer did not surpass 1:400,
neurological symptoms were minor (slight paresis
of cervical muscles), and histological analysis of
brain sections after immunization indicated slight
perineuronal edema without impairment of the blood-
brain barrier.

Immunization with peptide homologous to HLDF
N-terminal fragment and human ribosomal S21 pro-
tein (having common amino acid sequence with
HLDF precursor protein [5]) induced production of
antibodies possessing no cytotoxic effect. These
data indirectly indicate that proteins capable of
reacting with antibodies to HLDF are present in
rabbit cerebrovascular endothelium; these proteins
seem to be involved in the formation of the blood-
brain barrier. They have an amino acid sequence
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Fig. 1. Hemorrhagic infiltration in subcortical structures of the brain
in a rabbit 90 days after immunization with full-length HLDF (x200).

Fig. 2. Hyalin clots, apoptotic changes in endotheliocytes, and
perivascular edema in cerebral vessel of a rabbit 90 days after
immunization with full-length HLDF (x1000).
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homologous to that of HLDF-8 (RRWHRLKE).
Antibodies to C-terminal part of HLDF molecule
only augment the signs of stroke. Some authors
attribute cerebral ischemia and its extreme mani-
festation (hemorrhagic stroke) to cerebrovascular
vasculites [7] (a group of diseases associated with
inflammation of blood vessel walls). Early diag-
nosis of vasculitis in CNS is an intricate problem,
because this condition has no specific symptoms
and the tissues are unavailable for pathohistologi-
cal studies.

Antibodies specifically staining the neutrophil
cytoplasm are present in the blood of patients with
Wegener’s granulomatosis (the most incident form
of vasculitis). The presence of these antibodies is a
marker of vasculitis of minor vessels, called ANCA-
associated vasculites (ANCA: antibodies to neutro-
phil cytoplasmic proteins). In these vasculites anti-
bodies to neutrophil proteins disorder normal inter-
actions between neutrophils and endotheliocytes
and hence, promote vascular injuries. Three groups
of proteins, to which antibodies are produced in
ANCA-associated vasculites, are distinguished on
the base of immunofluorescent analysis of neu-
trophils: cytoplasmic (C-ANCA), perinuclear (P-
ANCA), and atypical (A-ANCA) proteins. C-ANCA
proteins react as a rule with proteinase 3 (PR3;
serine proteinase with a molecular weight 29 kDa)
present in azurophilic granules of the neutrophil. P-
ANCA antibodies react with myeloperoxidase con-
stituting 5% of total protein in neutrophils. Various
proteins (lactoferrin, elastase, or bactericidal protein
inhibiting cell permeability) can serve as antigens
for A-ANCA [13]. HLDF appears in promyelocytic
leukemia cells differentiated by the neutrophilic
pathway under the effect of retinoic acid, which
suggests that polyclonal autoantibodies to this pro-
tein are atypical ANCA associated with impaired
maturation of the neutrophil. These data indicate
that antibodies to this differentiation factor are in-
volved in the mechanisms of development of acute
cerebral circulation disorders. Presumably, produc-
tion of antibodies to HLDF is the cause of stroke
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during retinoic acid therapy of acute promyelocytic
leukemia [8,11].

Animals immunized with synthetic differen-
tiation factor develop hemorrhagic stroke with throm-
bosis of cerebral capillaries and destruction of endo-
theliocytes. The severity of clinical status correlates
with blood level of antibodies to differentiation factor.

Hence, we propose an experimental model of
hemorrhagic stroke, which can be used in experi-
mental studies and clinical practice for the develop-
ment of methods for the treatment of this disease.
The results open new prospects for early diagnosis
of pre-stroke conditions in risk-group patients.
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