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CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Soluble stem cell factor receptor (CD117) and IL-2 receptor alpha chain (CD25)
levels in the plasma of patients with mastocytosis: relationships to disease severit

and bone marrow pathology

Cem Akin, Lawrence B. Schwartz, Takashi Kitoh, Hirokazu Obayashi, Alexandra S. Worobec, Linda M. Scott, and Dean D. Metcalfe

Systemic mastocytosis is a disease of
mast cell proliferation that may be associ-

ated with hematologic disorders. There
are no features on examination that allow
the diagnosis of systemic disease, and
mast cell-derived mediators, which may
be elevated in urine or blood, may also be
elevated in individuals with severe aller-
gic disorders. Thus, the diagnosis usu-

ally depends on results of bone marrow
biopsy. To facilitate evaluation, surrogate

markers of the extent and severity of the
disease are needed. Because of the asso-
ciation of mastocytosis with hematologic

disease, plasma levels were measured for
soluble KIT (sKIT) and soluble interleu-

kin-2 receptor alpha chain (sCD25), which
are known to be cleaved in part from the
mast cell surface and are elevated in
some hematologic malignancies. Results
revealed that levels of both soluble recep-
tors are increased in systemic mastocyto-
sis. Median plasma sKIT concentrations
as expressed by AU/mL (1 AU = 1.4 ng/
mL) were as follows: controls, 176
(n = 60); urticaria pigmentosa without
systemic involvement, 194 (n = 8); sys-
temic indolent mastocytosis, 511 (n = 30);
systemic mastocytosis with an associ-
ated hematologic disorder, 1320 (n = 7);
aggressive mastocytosis, 3390 (n = 3).
Plasma sCD25 levels were elevated in

systemic mastocytosis; the highest lev-
els were associated with extensive bone
marrow involvement. Levels of sKIT corre-
lated with total tryptase levels, sCD25
levels, and bone marrow pathology. These
results demonstrate that sKIT and sCD25
are useful surrogate markers of disease
severity in patients with mastocytosis
and should aid in diagnosis, in the selec-
tion of those needing a bone marrow
biopsy, and in the documentation of
disease progression. (Blood. 2000;96:
1267-1273)
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Introduction
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Mastocytosis is characterized by an increase in tissue mast celdlgpressed on primitive hematopoietic cells and on mast cells at adl
particularly in the skin, bone marrow, lymph nodes, liver, and spleestages of maturation. The second candidate marker, soluble CD25
Activating mutations in dsit, the receptor for stem cell factor, which is(sCD25), is the alpha chain of interleukin-2 (IL-2) receptor. CDZSE?"L
critical for mast cell proliferation, differentiation, and survival, havés known to be expressed on bone marrow mast cells in mastocytg
been found in both children and adults with this diséé3te diagnosis Sis. The soluble forms of both receptors are elevated in the plasr’rE
and determination of the extent of disease and the assignmentobpatients with certain hematologic malignanciés?

prognosis in mastocytosis remain largely within the realm of clinical As will be shown, both sKIT and sCD25 are increased in theg
judgment influenced by the duration of the disease and tissue bioggsma of patients with mastocytosis. Soluble KIT levels, |n_.
Mast cell mediator levels may be elevated in plashtayptases and particular, seem to reflect the extent and severity of disease. Bo&1
histamine) and in urirfé (prostaglandin Pand histamine metabolites). SKIT and sCD25 correlate with plasma total tryptase levels an@
Mediator levels are generally believed to increase in parallel with &§Verity of bone marrow pathology. Thus, the ability to measurg;
increase in tissue mast c&lnd thus are diagnostic aids that also mag<!T @nd sCD25 in the plasma of patients suspected of having
reflect the extent of disease. Confounding interpretation, levels 'GStoCytosis adds insights into the pathophysiology of mastocytcs

beta-tryptase, histamine, and prostaglandinae also elevated in sis and should aid in assessing the severity of mastocytosis arid
patients experiencing a severe systemic allergic reaction (anaphﬁlllﬁmsfss'gnmg prognosis.

In some patients, however, the increase in mast cell numbers
occurs in the presence of an identifiable hematologic disorder,
particularly dysmyelopoiesi:*3 The identification in circulation pgtients and methods
of surrogate markers of hematologic disease would facilitate
understanding the spectrum of pathologic findings in mastocyto§iatients
and also in identifying individuals exhibiting this process. Thus, g, 5 study approved by the Institutional Review Board of the National
possible surrogate markers of bone marrow disease appeai@liute of Allergy and Infectious Diseases, 48 patients with mastocytosis
promising. The first of these was soluble KIT (sKIT). KIT iswere examined. All patients signed an informed consent document. The
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diagnosis of mastocytosis was based on the demonstration of characteristic

bone marrow and/or skin biopsy findings. Each patient was assignech%sults

category according to a consensus classific&tibased on the pattern of

the disease: la, indolent mastocytosis with skin involvement only 8);  pjasma sKIT levels in mastocytosis and systemic anaphylaxis

Ib, indolent mastocytosis with systemic involvement as evidenced by

characteristic mast cell aggregates in the bone marrow 80); Il, To determine if sKIT is elevated in mastocytosis and systemic
mastocytosis with an associated hematologic disorder T; Ill, aggres-  anaphylaxis, we determined the plasma sKIT levels in 48 patients
sive mastocytosis with lymphadenopathy and peripheral eosinophiligith mastocytosis and 11 patients with systemic anaphylaxis and
(n = 3). The median age for the patients with mastocytosis was 44.5 yegggmpared the levels with those found in healthy controls. The
and the range was 18 through 73 years. Approximately 40% were male'(:'&ntrol group had a median plasma sKIT level of 176 AU/mL

addition, sKIT was assayed in 11 serum samples collected from ad rlxtange, 81-322 AU/ML: n=60) (Figure 1). These data are

patients (45% male), each with clinically suspected anaphylaxis showingan = i .
elevated serum beta-tryptase level (4 ng/mL or higher) and a total trypta%%nS|Stent_ V\{'th reportgd Iev_els of sKIT in he._althy ada}tﬂ'.here
fo beta-tryptase ratio of less than 6. Plasma samples from anonymg\{gsastatlstlcally significant increase of sKIT in anaphylaxis serum

healthy adult donors were obtained from the Department of Transfusi¥h€n compared with healthy controls (median, 260 AU/mL; range,
Medicine at the National Institutes of Health Clinical Center. Peripher®5-356 AU/mL;P < .05). Plasma sKIT levels were also found to

blood was collected in EDTA-containing tubes. Plasma was separateé significantly elevated in patients with mastocytosis, where the

following centrifugation of blood samples. Aliquots were kept-at0°C ~ median value was considerably higher (median, 513 AU/mLg

until analyzed. range, 112-5055 AU/mLP < .00001 vs healthy controls and
P < .005 vs anaphylaxis).

Determination of sKIT Correlation of plasma sKIT with disease category
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Soluble KIT was measured by enzyme-linked immunosorbent assg

(ELISA) with the use of the monoclonal antibodies L6 and L15 as describet%t(.:autSe plt:”;t]sma _:,KITtIe\(eIS We(;etobsgrvgd ohvetLa btrho.ad rgn%e‘g’.\;n
(Nichirei Diagnostics, Nichirei, Japaf).These antibodies do not block patients with mastocytosis, we determined whether this variatiog

stem cell factor (SCF) binding to KIT, and the immunoassay is not affect&Prrelated with clinical patterns of disease. As can be seen in Figuie
by addition of up to 20 ng/mL free recombinant SCF. In this assayl16f  2A, plasma sKIT levels were not significantly elevated in thoseZ.
each plasma sample was mixed with 1@0 of alkaline phosphatase- With skin involvement only when compared with normal subjectsz
conjugated anti-KIT monoclonal antibody (mAb) L15 in a buffer contain{category la: median, 194 AU/mL; range, 148-377 AU/mL,; statisti-&
ing 0.5% bovine serum albumin, 0.25 mol/L NaCl, 1 mmol/L Mg@.1 cally insignificant when compared with control group). However,g
mmol/L ZnCh, 0.1% NaN, and 50 mmol/L Tris-HCI (pH 8.0). Then, 100 |evels were significantly elevated in systemic mastocytosis (ie3
L of this mixture was incubated for 3 hours at room temperature i@ategories Ib, 11, and I1), and the level of elevation was greatest irs
separate wells of 96-well microtiter plate§ coated with purified anti-KIfhgse with more severe forms of disease. Thus, patients witB
mAb L6. The plates were then washed with 0.9% NaCl and 1D®f a systemic indolent disease (Ib) had a median level of 511 AU/mL§
p-nitrophenyl phosphate solution added to each well followed by a Lhotjrange, 112-4755 AU/mLP < .00001 vs healthy controls and

incubation. The reaction was stopped by adding.8®f 0.2 mol/L NaOH . . .
to each well. The optical density of each well was determined at 405 n%< .002 vs category la). The median sKIT level for patients with

(Model HTS 7000 Bioassay Reader; Perkin Elmer, Foster City, CA). AfD associated hematologic disorder was 1320 AU/mL (rang
samples were assayed in duplicate. Samples with optical density val@@6-3195 AU/mL;P < .00005 vs healthy control? <.002 vs
higher than the confidence range of the assay (ie, 800 AU/mL) were diluted

and reassayed. Preliminary experiments determined there was no diﬁerengRIT (AU/mL)

in sKIT levels between serum and plasma samples.
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available ELISA kits (R&D Systems, Minneapolis, MN) according to the
manufacturer’s instructions. The SCF ELISA detects free SCF as well as
SCF in complex with KIT. The optical density was read at 450 nm with
correction at 570 nm. All samples were assayed in duplicate.
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Determinations of SCF, sCD25, and IL-2
Plasma levels of SCF, sCD25, and IL-2 were determined by commercially ] &
1000 3

Determination of tryptase

Tryptase in serum or plasma was measured by means of sandwich 100
immunoassay%Beta-tryptase levels were measured with the use of mAbs ]
B12 for capture and biotin-G5 for detection. Total tryptase levels (alpha-
tryptases plus beta-tryptases, primarily alpha-protryptase at baseline) were
measured on the UniCAP system (Pharmacia-Upjohn, Peapack, NJ) with
the use of mAbs B12 for capture and beta-galactosidase-G4 for detection.
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Statistical analysis

Comparisons for statistical significance were performed with the use of the Group

Wilcoxon rank sum (Mann-Whitney) test. Correlations between observa-
( eY) igure 1. Plasma levels of sKIT in healthy controls (C) and in patients with

. , . - E
tions were assessed by Spearman’s rank correlation coefficient. Conmgétocytosis (M) or systemic anaphylaxis (A). Bars represent median values.

gency table analyses were performed by Fisher's exact teBtvélue of  pashed line is the sKIT concentration (312 AU/mL), which corresponds to the
< .05 was considered statistically significant. mean + 2 SD of healthy control values.
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A evidence of increased mast cells=r8); (2) normocellular bone
SKIT (AU/mL) marrow with diagnostic focal increases in mast cell numbers
10000 - (n=20); and (3) focal or diffuse mast cell aggregates and

hypercellular bone marrow or evidence of an associated hemato-
logic disorder such as myelodysplasia or myeloproliferative state
(n = 20). In the last patient group, 7 deaths occurred over a 2- to
42-month follow-up. No disease-related deaths were reported in
groups 1 and 2 over a 1- to 11-year follow-up.

Elevations in sKIT were found to correlate with the extent of
bone marrow involvement (Figure 2B), with the highest levels
observed in group 3 (median levels: 193.5 AU/mL in group 1;
421.5 AU/mL in group 2; 1418 AU/mL in group 3). Soluble KIT
levels in patients in groups 2 and 3 were significantly higher than in
healthy controls and in group 1. Thus, the higher the levels of sKIT,
the greater the likelihood that the patient will have an abnormal
bone marrow at the time of the measurement.
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Correlation of sKIT levels with detectability of c- kit mutation
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The detectability of the somaticldt mutations at the amino acid

B position D816 (single-letter amino acid code) by restriction frag-2
sKIT (AU/mL) ment length polymorphism analysis following reverse transcriptiors
10000 — polymerase chain reaction in the peripheral blood white cells ha§

b been shown to correlate with disease severity and a poore’gr
o prognosig? We therefore compared sKIT levels in patients who§
ng carried this molecular marker with those who did not. Resultss
revealed a statistically significant increase in skIT levels in patient@

o

°°°q who exhibited the D816 kit mutation in the peripheral blood §

10004 (median levels of 421.5 AU/mL vs 1320 AU/mB,< .005). Thisis g
o &8 consistent with the correlation found in categorizations based of

o clinical presentation and bone marrow pathology. %

: ‘% 2
Jrome- S R— (o's o SR Correlation of plasma sKIT levels with plasma tryptase %
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'%‘ § Because plasma levels of tryptase have been shown to be elevatg

100 o in mastocytosis, and proposed as an indicator of total body mast
: ; é cell burden we next determined tryptase levels in plasma sample%

from the same group of 48 patients with mastocytosis. Prior worl§

Bone marrow grade suggested that total tryptase levels of 20 ng/mL or more irg

. . . . <

Figure 2. Correlation of plasma sKIT levels with disease severity. (A) Plasma  @ssociation with a total tryptase to beta-tryptase ratio of 20 or morg
SKIT levels correlate with disease severity based on clinical categorization. Category  jdentifies patients with systemic mastocytd’s]g_'he median total &
la, urticaria pigmentosa without systemic involvement; category Ib, systemic indolent . : -_9
mastocytosis; category Il, mastocytosis with an associated hematologic disorder; tryptas_e F_’I_asma level _In he_althy controls was 5.0 ng/m_L' Stc’?ltlstlg
category Ill, aggressive mastocytosis. (B) Plasma sKIT levels correlate with disease  Cally significant elevations in total tryptase were found in patientss
severity based on bone marrow pathology. Histopathological findings in bone marrow  with all forms of the disease when compared with healthy controlsy
biopsies were graded as follows: grade 1: no evidence of increased mast cell median tryptase levels (ng/mL) were 13 (range 4_35) for categor&

numbers; grade 2: focal mast cell aggregates, normocellular marrow; grade 3: focal ) .
or diffuse mast cell aggregates and hypercellular marrow, or presence of a 1&; 61 (range, 16-400) for category Ib; 159 (range, 59-347) for

hematologic disorder. Bars represent median values. category II; and 219 (range, 26-670) for category Ill. The beta form

of tryptase was undetectable (ie, below 1 ng/mL) in 23 out of 48
category la, andP < .05 vs category Ib). Patients with aggressiveatients and ranged from 1 through 53 ng/mL in the remaining
mastocytosis who presented with lymphadenopathy and exhibitepatients. Such detectable levels of beta-tryptase are thought to
rapidly progressive course (category Ill) had the highest mediaeflect concurrent mast cell activation and cross-reactivity with
plasma level of sKIT (3390 AU/mL; range, 2910-3605 AU/mL;alpha-protryptase in patients with biopsy-confirmed mastocytosis.
P < .005 vs healthy controls? < .02 vs categories la and Ib, There was no statistically significant difference in total tryptase
P < .05 vs category II). levels or total tryptase/beta-tryptase ratios among categories Ib, II,
and IlI. These data are consistent with previous regorts.

When plasma sKIT and total tryptase levels were compared
Mastocytosis may be associated with dysmyelopoiesis. Solublhin each disease category (Figure 3), a highly significant overall
KIT shed from mast cells and other KIT-bearing hematopoietieorrelation was found between plasma sKIT and total tryptase
cells might be expected to increase as hematopoiesis becomes n@yrels (Spearman’s + 0.77 P <.0001) and in patients with
disordered. We thus correlated the plasma sKIT concentratiogsisstemic indolent disease (category 1b3(0.81,P < .0001). This
with the extent of bone marrow pathology. Pathological findings icorrelation was not evident for patients with the mildest (la) or
bone marrow biopsies from patients with mastocytosis weraore extensive (Il and Ill) categories of disease. Of 8 patients in
divided into 3 groups: (1) normocellular bone marrow with n@ategory la, 3 had total tryptase levels exceeding 20 ng/mL, the

Correlation of sKIT with bone marrow pathology
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"7 " of a hematologic disordéf,the presence of anemia, thrombogyto

08 o o penia, and a hypercellular bone marrow implies more extensive
_ _ € 8 ° disease and a poorer progno¥islowever, we found no significant
100 100 [*]

N o & @° correlation between sKIT and hemoglobin Ie_vels, t_otal Whlte blood

e SR cell (WBC) count, and platelet count. Analysis of differential WBC
°1 3 counts for neutrophils, monocytes, and lymphocytes similarly
a failed to yield a significant correlation (data not shown). There was
, \ a marginal negative correlation between SCF levels and total WBC

0 o0 oow 10 o0 1000 counts (Spearman’s=+ —0.30, P < .05) as well as lymphocyte
counts (r= —0.33,P < .05). Because sKIT correlates with bone
marrow pathology but not peripheral blood abnormalities, sKIT

may indicate bone marrow disease prior to its reflection in

e " R peripheral blood counts.

Tryptase (ng/mL)

o Soluble CD25 in mastocytosis

100 L] 1004

Demonstration of the elevation of sKIT in mastocytosis suggestg
that soluble forms of the membrane proteins highly or preferens
tially expressed by mast cells may be useful surrogate markers @f
disease activity and prognosis. This prompted an investigation di
- ™ o T — . the plasma levels of SCD25. Because CD25 is reported to bg

expressed by the bone marrow mast cells of patients with systemi&

sKIT (AU/ML)

mastocytosis but not healthy individuéfswe determined plasma &

Figure 3. Correlation of plasma sKIT with plasma total tryptase in patients with sCD25 and IL-2 levels in a representative subset of 29 patients Witﬁ
mastocytosis. A indicates category la; O, category Ib; @, category II; and A, . . . o)
category lll. Dashed lines represent suggested cutoff values. mastocytosis and those with anaphyIaX|s. Results revealed a;,:]
overall elevation of plasma sCD25 both in mastocytosis (mediarg

) ) ] ) 955 pg/mL; range, 138-2829 in controls, vs median, 2491; rangq;'f

cutoff value sugge§tlve_of a diagnosis of systemic mastocytosis;n.15 020 in mastocytosis® < .00001) and in anaphylaxis gf
whereas only 1 patient in this category had an sKIT value grear(‘?ﬁedian, 1361 pg/mLP < .05 vs controls). Soluble CD25 was &

e,

than the highest normal control. Of the 30 patients classified g&, significantly elevated in each category of systemic mastocytc
category Ib, 8 had an sKIT level lower than the highest normg|g (categories Ib, 1I, and Ill) (Figure 4) when compared Withvg

control, whereas 2 had a total tryptase level below 20. This suggestsrols (la median, 1092 pg/mL; range, 671-1933; Ib mediang
that total tryptase levels are a more sensitive indicator than sKITPé%; range, 310-5757; Il median, 6589; range, 2677-12 566; HE
an increased mast cell burden. On the other hand, sKIT elevatiQRsian, 6852: range, 4411-15 020). The elevations were mor§
were not observed to be paralleled to the same extent by tOﬁ%nounced in categories Il and Ill, both of which were signifi-
tryptase values in advanced categories of disease (ie, Il and | ltntly higher than categories la and Ib, although there was n§
although the levels of both proteins were increased. These dajgnificant difference between categories la vs Ib and II vs II1.g
suggest that as the bone marrow pathology increases, it may nolbgysis of sCD25 levels according to bone marrow pathologys
accompanied by a parallel increase in total tryptase, but is betig,ealed that patients with hypercellular bone marrows had signif@

reflected by sKIT levels. cantly higher levels than those with less or no significant pathologg
Lack of correlation between plasma sKIT and SCF 5

i i i : . SCD25 (pg/mL
Soluble receptors may in some instances influence the circulatin (pg/mL)

levels of their ligands by accelerating their metabolic clearance or 100000
by competing for binding to the cell-surface receptSraie ]
therefore determined the plasma levels of SCF. The median SCF
level in control samples was 983 pg/mL (range, 440-1838 pg/mL).
Patients with mastocytosis had significantly higher plasma SCF
levels than healthy controls (median, 1335; range, 272-2256,
P < .00005). Analysis of SCF levels in different categories of
disease revealed a significant increase only in category Ib
(P < .00001). Patients with mastocytosis in categories la, Ib, I,
and Il had median SCF levels of 1211, 1615, 1312, and 553 100073
pg/mL, respectively. There was no significant correlation between ]
SCF and sKIT levels. All 10 patients in advanced categories (ie, Il

and lll) had SCF levels below 1500 pg/mL, whereas only 16 of 38

patients (42%) with indolent disease had similar levels (Fisher’s 100
exact probabilityP < .001).
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Correlation of hematologic parameters with plasma sKIT
and SCF

Category

Figure 4. Plasma sCD25 levels in mastocytosis, anaphylaxis (A) and healthy

lit . h f ci lati | I controls (C). Bars represent median values. Dashed line represents mean + 2 SD
Abnormalities in the numbers of circu atmg blood cells AGalue of sCD25 in healthy controls in this study (1150 pg/mL). Categories of

encountered in systemic mastocytosis. In addition to the presemreetocytosis are the same as described for Figure 2A.
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(P < .005 andP < .0001 when bone marrow pathology group 3is Soluble KIT and sCD25 levels correlated not only with the
compared with groups 1 and 2, respectively; data not showm)assification based on clinical presentation but also with bone
Patients who had detectable levels of D816V (single-letter amimearrow pathology and detectability of the D816V mutation in
acid code) messenger RNA in peripheral blood white cells simiood. Because both skIT and sCD25 are thought to be generated
larly had significantly higher sCD25 levels than those who did n@ly the proteolytic cleavage of the membrane-bound recefftitrs,
(P <.05). Plasma IL-2 levels in all patients were below thgs possible that the increased levels in mastocytosis in part reflect
detection limit of the assay (ie, below 7 pg/mL) (data not shown).increased mast cell numbers. This is supported by the finding that
Soluble CD25 plasma levels strongly correlated with those @kIT and sCD25 levels highly correlated with total tryptase levels,
sKIT and total tryptase in patients with mastocytosis (Spearmarsroposed marker of mast cell burden.
r=0.72,P <.0001, and = 0.67,P < .0001, respectively) (Fig-  Comparison of the diagnostic value of plasma sKIT measure-
ure 5). A slight negative correlation was observed between sCDgfants with that of total tryptase (primarily alpha-protryptase)
and SCF levels (= —0.41, P < .05). There was no correlation shows that these 2 assays may be complementary in assessment of
between sCD25 levels and the total white cell, lymphocytgye gisease status in mastocytosis and its differential diagnosis from
neutrophil, monocyte, or platelet counts or hemoglobin levels (d"’}@opathic anaphylaxis. It appears that total tryptase is a more
not shown). These data thus suggest that sCD25, analogougdQsitive indicator of increased mast cell burden in early stages of
SKIT and tryptase, is a surrogate marker of disease severity i}, gisease, because 5 out of 8 patients with category la and 28 gf

mastocytosis. 30 patients with systemic disease had total tryptase levels greatgr
than the suggested cutoff value of 20 ng/mL. On the other hand
there was considerable overlap of total tryptase measuremer&s
Discussion between patients with category la, Ib, and Il forms of systemicS

) .. disease. Therefore, it appears that total tryptase levels may bet
This study documents that sKIT and sCD25 levels are significanilifiect the total body burden of mast cells, but not necessarily thg
elevated in systemic forms of mastocytosis when compared Withne marrow pathology of the underlying disease. In patients witf
healthy controls and patients with suspected systemic anaphylaxis,ressive disease, non-mast cell lineages that express KIT but bt
The_re Was_overlgp between normal v_alues and those obtained fr@%tase may be involved. Also, it is possible that mast cells irg
patients with milder forms of the disease and among Systemitjons of category Il mastocytosis produce less tryptase and moge
dlsgase categories. The S_‘KlT value corresponding to the Frean KIT per cell than those associated with less aggressive disease. %
SDin the norr_nal pop_ulatlon was 312 AU/mL.. S_oluble KITlevels - 5oy pie KIT levels have been determined in a number of othe%
'rgngggf (]Ié:ilgS?etlir)lfsovl\jlttho?gaggt)i/leiﬁss i\rlwvecrstgvglz)t:y lg‘??tgsz‘/g)rmh}ginical conditions. Among the hematopoietic neoplasms examg

levels below this value. This overlap was less apparent (8 out of 5‘6"‘1' acute myelmd Ieukem|a subtypes M1 and M2 were associatedl
- . S . ith modest increases in sKIT leveétsOne study found increased
or 27%) for patients with systemic indolent disease (category |

and did not exist for categories Il and Ill. While half of the patients vels.of SKIT n chronic_myeloid leukemia (CML) In acute 2
myeloid blast crisis and advanced myelodysplastic syndrdfes,3

with an sKIT value below 300 AU/mL lacked systemic involve- - S e 2
ment, sKIT levels higher than 400 AU/mL were exclusivel)falthoqgh anotht_er study showed ng statistically S|gn|f|9ant differ-g
associated with systemic forms of the disease. All 3 patients ‘?ﬁ'cde_ n theself;se:s? glr_o&ﬁ)ﬂ_'.he Lnghest Ieéill OLSKIT in these
category Il had sKIT levels exceeding 2900 AU/mL. Such higﬁtu Ies was 0 AU/mL, using the same SA system as ourgy

levels of sKIT have not been reported in other diseases. arld_was reported in a patient with CML in mygloid blast ‘?”Sis-'%

Similarly, there was a significant difference in median SCnglmllar to mastocytosis, elevated Ievels.oszIT in these mallg_nang
levels in systemic mastocytosis when compared with controfJ€S are thought to be related to the higher surface expression &f
although some values in healthy individuals overlapped with R T in the immature neoplastic cells. Mild yet statistically signifi- 2
values in indolent forms of the disease. Soluble CD25 levels f@ntincreases have also been reported in chronic renal failure with
aggressive forms of the disease did not display this overlap. Thasmedian value of 244 AU/mE’ In contrast, low levels of sKIT
all the normal controls and patients without systemic involvemeMtere associated with graft-vs-host reactidrdelayed engraft-
had sCD25 levels below 3000 pg/mL, while 8 of 9 patients (8894nent after bone marrow transplantatinand systemic lupus

with an associated hematologic disorder or aggressive disease faghematosut
levels above this value. In contrast to the relatively few clinical conditions in which

sKIT is known to be elevated, sCD25 is elevated in a number of
hematologic malignancié$;'® solid tumors’® rheumatic disor
A B ders?-34and infectious diseasé33’ These elevations may reflect
e Trsess o the numbers of activated T cells or neoplastic cells displaying
. CD25 on their surface. Indeed, changes in sCD25 levels corre-
K 2 spond to clinical response to therapy in hematologic neoplasms
oo 3 Se such as hairy cell leukemia and adult T-cell leukeAiigMonitor-
1000 00 4 a ing of sCD25 levels could similarly be used as a predictor of
o%°‘i° . 104 a response to therapy in mastocytosis.
oo A modest increase in sCD25 similar to that of sKIT was found
a in patients with anaphylaxis in this study. This finding is consistent
'““ ' with an earlier report of elevated sCD25 in children with a history
of anaphylactic reaction to food or atopic eczeth@he cellular
Figure 5. Correlation of plasma sCD25 with (A) sKIT and (B) total tryptase. A source of sCD25 in these patients is likely to be activated T
indicates category la; O, category Ib; ®, category II; and A, category |l lymphocytes, in line with the demonstration of activated T cells in
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hymenoptera hypersensitivifyand down-regulation of their sur role is proposed for this soluble receptdm advanced mastocyto
face IL-2 receptors following rush hyposensitizatién. sis, where plasma levels of sKIT are increased 10-fold or more,
The levels of SCF were found to be elevated in patients witipproximately 98% of SCF may be predicted to exist in complex
systemic indolent mastocytosis although they did not correlate witvith sKIT. Therefore, high levels of sKIT may contribute to the
those of sKIT or the patterns of disease. There was a mild inveiiggpaired hematopoiesis in patients with advanced categories
correlation between SCF levels and WBC and lymphocyte nurof disease.
bers. A similar inverse correlation was observed in patients with In conclusion, we have demonstrated that plasma sKIT and
renal failure, which was thought to reflect a physiological respons€D25 levels are elevated in mastocytosis and that the level of
to stimulate the bone marrow in cases of inefficient hematopalevation correlates with the severity of cellular and molecular
esis?’ Other studies, however, failed to yield a similar negativearameters of pathology of the disease. Assessment of these
correlation in other bone marrow failure states, such as aplastiarkers together with tryptase levels provides valuable informa-
anemias and myelodysplastic syndrorf®e®. Whether the high tion relating to the probable severity of mastocytosis, may help
levels of sKIT in mastocytosis have a pathophysiological relevandetermine which individuals should undergo a bone marrow
is unknown. Soluble KIT circulates in approximately 30-fold molabiopsy, and will facilitate the differential diagnosis of patients
excess of its ligand SCF under physiologic circumstaftesevaluated after anaphylactic episodes. Finally, determination of the
According to simple dissociation kinetics, it is predicted that aboplasma levels of these receptors may help identify patient subpopu-
85% of SCF exists bound to sKIT. Since sKIT can compete with tHations that may be predicted to respond to biological therapleg
membrane-bound KIT for binding of SCF, a negative regulatoargeting these receptors on the neoplastic mast cells.
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Erratum

In the article by Nakayama et al entitled “Vascular endothelial growth factor synergistically enhances bone
morphogenetic protein-4-dependent lymphohematopoietic cell generation from embryonic stem cells in vitro,” which
appeared in the April 1, 2000, issue of Blood (95:2275-2283), several row headings in Table 2 were misplaced. Following
is a corrected version of the table.

Table 2. Distribution of erythro-myeloid (EM) CFCs and pre-B/LAK cell potentials in the subfractions of CD34
fractions and CD34 * CD31" and CD34* CD31" cell fractions

+ EB cells: CD45 * and CD34+ CD45~ cell

EM CFC + LFFC/10* Sorted Cells EM CFC + LFFC/10° EB Cells

Sorted Relative
CD34+ VEGF Numbers Total CFC LFFC Total CFC LFFC
Subsets (10 ng/mL) (% EB cells) E M n/mast Mix (+VI=V)* (+VI=V) (+V/I=V) (+VI=V)
1) CD45* - 0.9 15 458.5 15 15 463.5 0.4t 417.2 0.3
+ 3.3 1.0 378.0 15 35 384.0 (0.8)* 0.1t (0.3) 1267.2 (3.0) 0.3 (1.0)
CD45~ - 4.8 1.8 126.0 3.0 8.8 139.5 3 669.6 10
+ 10.4 3.8 178.8 1.0 6.0 189.5 (1.4) 1(0.3) 1970.8 (2.9) 10 (1.0)
2)} CD45* - 1.2 0.8 233.5 0.3 0.8 235.5 0 282.6 0
+ 2.4 1.8 204.0 0 1.2 207.3 (0.9) 0 497.4 (1.8) 0
CD45~ - 4.9 2.1 88.5 1.3 4.9 96.8 4 474.1 20
+ 10.6 1.8 71.8 0.3 3.0 76.8 (0.8) 2 (0.5) 814.1 (1.7) 25(1.3)
3) CD31h - 1.2 4.0 335 0 15 39.0 3 46.8 4
+ 4.8 5.0 60.3 0.8 3.8 69.8 (1.8) 3(1.0) 334.8 (7.2) 15 (3.8)
CD31b - 2.6 17.3 2275 5.3 12.8 264.0 0.2 86.4 0.5
+ 5.9 243 314.8 11.3 12.0 362.3 (1.4) 0.3(1.5) 2137.3 (3.1) 2 (4.0)
4) CD31h - 24 1.3 24.0 1.8 2.3 29.5 4 70.8 10
+ 5.2 1.3 34.3 3.3 0.5 39.3(1.3) 3(0.8) 204.1 (2.9) 14 (1.4)
CD31° - 0.4 315 344.8 8.8 20.8 405.8 2 162.3 0.8
+ 25 21.8 495.0 11.8 18.8 547.3 (1.3) 2(1.0) 1368.1 (8.4) 5(6.3)
(Average +V/—V) (1.2) (0.9) (3.9) (3.0)

The CD45* (R7 in Figures 1 and 3) and CD34* CD45~ (R4 in Figure 1) cells as well as the CD34+ CD31" (R5 in Figures 1 and 3) and CD34* CD31" (R6 in
Figures 1 and 3) cells were isolated from the E14-derived EBs cultured with 1.5 to 2 ng/mL BMP-4 with or without 10 ng/mL VEGF by FACS. The sorted cells were
distributed in four 35 mm-dishes, and the number of all colony types was scored on day 9. At the same time, 0.5 — 4 X 10* cells/well were plated on confluent cultures
of OP9 cells in 6-well plates, and pre-B/LAK cell foci (LFFC) were scored as described in “Materials and methods.” The average colony numbers and foci numbers
were adjusted to either 104 sorted cells or 106 EB cells.

*Numbers in parentheses are ratios of total CFC or LFFC number with VEGF vs. that without VEGF (+V/-V).

tThese were B220* CD19~ LAK cells; no CD19" pre-B cells were found.

$BMP-4 concentration was 2 ng/mL.
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