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comparative skin testing initially to compare the new 
standardized extracts to extracts with which he is fa- 
miliar. 
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Connective tissue-activating peptide-Ill and 
its derivative, neutrophil-activating peptide-2, 
release histamine from human basophils 

Sesha R. Reddigari, PhD, Piotr Kuna, MD, Gina F. Miragliotta, 
Doreen Kornfeld, Med Tech, Maria L. Baeza, MD, C. W. Castor, MD,* and 
Allen P. Kaplan, MD Stony Brook, N.Y., and Ann Arbor, Mich. 

Connective tissue-activating peptide-III (CT@-III) is a 9 kd platelet a-granule-derived growth 
factor. It stimulates the synthesis of DNA, hyaluronic acid, glycosaminoglycans, and 
proteoglycan core protein in human jibroblasts. Human mononuclear cell-derived proteases 
have been previously demonstrated to digest the N-terminal 1.5 residues of CTAP-III (total, 85 
residues) to produce neutrophil-activating peptide- (NAP-2). CTAP-III and NAP-2 belong to a 
class of proteins (platelet factor 4, interleukin-8lNAP-I, etc.) associated with inflammation and 
wound repair. In our efforts to purify human mononuclear cells and platelet-derived 
histamine-releasing factors, we had previously discovered that mixtures of CTAP-III and NAP-2 
released histamine from human basophils. We have now developed simple protocols for the 
purijcation of CTAP-III and NAP-2, independently, from calcium ionophore 
(A23187)-stimulated platelet supernatants by afJinity chromatography and have established their 
identity by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and N-terminal sequence 
analysis. Each of these released histamine between 2 and 10 pglml, a range identical to that 
obtained with CT@-IIIINAP-2 mixtures that we reported earlier. Thus, our data suggest that 
CTM-III and NAP-2 independently release histamine from human basophils in dose ranges 
similar to ranges required for jbroblast stimulation by each. (J ALLERGY CLIN IMWNOL 
1992;89:666-72. ) 
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HRFs are cell-derived products that interact with 
basophils or mast cells to cause HR. HRFs were orig- 
inally described as products of human MNCs.‘, * 
However, alveolar macrophages,3 platelets,4 and 
neutrophils’ were also demonstrated to release HRF. 
Nasal washings also contain a similar activity.6 Most 
attention has been directed to MNC-derived material 
(T- and B-lymphocytes and monocytes), and the avail- 
able evidence suggests that each of these cell types 
may secrete HRF, although the products of B-lym- 
phocytes may predominate when supematants from 
mixed cell populations are studied.7-9 Although human 
interleukin-3, ” granulocyte-macrophage colony- 
stimulating factor,‘” and, to a lesser degree, interleu- 
kin-l” can cause HR from basophils under certain 
conditions, these appear to be distinct from the major 
MNC-derived HRFs. “. ” 

We  have previously reported purification of an HRF 
from supematants of stimulated MNCs14. l5 that ap- 
peared as two closely spaced bands at = 10 kd on 
SDS-polyacrylamide gels. N-terminal microsequenc- 
ing of these bands demonstrated that the upper band 
was identical to CTAP-III and the lower band to 
NAP-2. CTAP-III is an KS-amino acid polypeptide 
demonstrated to possess fibroblast growth-factor ac- 
tivity.‘” Found in the a-granules of platelets, it is re- 
leased when platelets are activated by external stimuli, 
such as platelet-activating factor, thrombin, calcium 
ionophore (A23187), and collagen. NAP-2 is a nat- 
urally found derivative of CTAP-III, formed by pro- 
teolysis of the first 15 (N-terminal) residues,“-‘” and 
the proteases responsible for this are reported to be 
derived from both monocytes2’ and platelets. I9 In ad- 
dition. CTAP-III and NAP-2 share a considerable 
number of structural features with several recently 
characterized cytokines. such as Chinese hamster em- 
bryo fibroblast-GRO. a growth factor constitutively 
expressed in a Chinese hamster cell line,*’ g-IPlO, a 
factor induced by interferon-y in various cell types,?* 
a factor with melanoma growth stimulatory activ- 
ity..“ ” IL-g.? and platelet factor-4.19 All the 
above factors have been suggested to play an impor- 
tant role in wound healing and cell growth after tissue 
injury.” 

Since our initial HRF preparations contained both 
CTAP-III and NAP-2. it was unclear whether one or 
both factors released histamine from basophils. We  
now report simple protocols for the purification of 
CTAP-III and NAP-2. independently, from purified 
platelets and demonstrate that each of these possesses 
comparable histamine-releasing activity. 

METHODS 
Platekts and ptatelet releasete 

Platelets were isolated from normal human donors, sus- 
pended in PBS containing I mmol/L of ethylenediamine- 

CTAP-III and NAP-2 release histam:ne 667 

Abbreviations used 
HR: Histamine release 

HRF: Histamine-releasing factor 
MNC: Mononuclear cell 

IL: Interleukin 
CTAP-III: Connective tissue-activating peptide- 

III 
NAP-2: Neutrophil-activating peptide- 

MAb: Monoclonal antibody 
PBS: Phosphate-buffered saline 

PMSF: Phenylmethylsulfonyl fluoride 
SDS-PAGE: Sodium dodecyl sulfate-polvacryl- 

amide gel electrophoresis 
MW: Molecular weight 

tetraacetic acid, 5 mmol/ L of glucose. and 0.1 mmol/L of 
PMSF, and stimulated with 20 pmol/L of calcium iono- 
phore A23187, at 37” C for 30 minutes, according to the 
method of Coller et al.Z6 After removal of the cells by cen- 
trifugation at 5000 g, the supematant was dialyzed exten- 
sively against PBS, clarified by centrifugation at lS,CQO R, 
and either subjected to affinity chromatography directly or 
digested with porcine pancreatic elastase (Sigma Chemical 
Co., St. Louis, MO. ). as described below, and then subjected 
to affinity chromatography. 

Affinity chromatography 
Preparation and characterization of MAb, MAb No. 

18-1, to CTAP-III and NAP-2 was reported previously.” 
MAb 18-1 was coupled to tresyl-activated agarose (10 mg 
of IgG per milliliter of Affinica gel, Schleicher & Schuell, 
Inc., Keene, N.H.) in 0.2 mol/L of NaHCO, and 0.5 
mol/L of NaCl (pH 8.5) according to manufacturer’s rec- 
ommendations. Chromatography was performed in a sili- 
conized 8 ml glass column (Kontes Glass Co., Vineland. 
N.J.) at 4” C. The gel was equilibrated with 0.01 mol/L of 
sodium phosphate buffer, pH 7.5 , containing 0.5 mot/L of 
NaCl, 0.1 mmol i L  of PMSF. 0.1 mmol/L of ethylenedi- 
aminetetraacetic acid, and 0.02% of azide (equilibration 
buffer). Platelet releasate was clarified by centrifugation at 
15,000 g, followed by addition of PMSF to 0.1 mmol/L. 
Material equivalent to 15 to 20 mg of protein was applied 
to the column and washed with the equilibration buffer until 
the absorbance at 280 nm of the wash fractions returned 
to the baseline; 0.5 ml fractions were then eluted with 
3 mol/L of potassium thiocyanate, and peak protein frac- 
tions (monitored by Bradford reagent) were pooled. dialyzed 
against PBS (pH 7.4) containing 0.1 mmoli’l.. of PMSF. 
and stored at - 70” C in 50 to 100 l.~l aliquots, 

Electrophoresis, gel staining, 
and immunoblotting 

SDS-polyacrylamide gradient gel electrophoresis was 
performed according to the method of Laemmli.“’ After 
electrophoresis, protein bands were transblotted onto poly- 
vinylidene difluoride membranes according to the method 
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FIG. 1. SDS-PAGE of purified CTAP-III and NAP-2. CATP- 
III (lane 1) and NAP-2 (lane 2) were purified as described 
in METHODS, and 5 pg of each was electrophoresed under 
nonreducing conditions on a 10% to 25% gradient poly- 
acrylamide gel and stained with Coomassie brilliant blue 
R-250. 

of Towbin et a12* Protein bands were stained with amido 
black, cut out, and subjected to microsequencing according 
to the method of Matsudaira*’ on an Applied BioSystems 
sequencer (CASM, S.U.N.Y., Stony Brook, N.Y.). Im- 
munostaining was performed as outlined below. After the 
transfer, unoccupied sites on polyvinylidene difluoride 
membranes were blocked with BLO’IT030 for 1 hour 
at room temperature, and treated with 1 kg/ml of MAb 
18-115 in BLOTTO for 2 hours. The membranes were then 
washed four times with BLOTTO during a period of 
1 hour, treated with goat antimouse IgG-alkaline phospha- 
tase (Jackson Immunoresearch Labs, Inc., West Grove, Pa.) 
at a dilution of 1: 1000 in BLOTTO, and washed with 
BLOTTO four times (15 minutes each wash). Bands were 
developed with a substrate kit specific for alkaline phos- 
phatase (Kirkegaard & Perry Laboratories, Inc., Gaithers- 
burg, Md.). 

Basophil HR and assay of histamine 
Procedures for basophil isolation and HR have been pre- 

viously described.” The radioenzymatic assay for histamine 
was performed as previously described.“’ 

RESULTS 

Fresh platelets were obtained from platelet-pheresis 
packs, as described in METHODS. After purification 
by differential centrifugation, their purity was checked 
by light microscopy and was found to be >99%. No 
MNCs were visible. These platelets were then stim- 
ulated with calcium ionophore A23187 to release the 
contents of their a-granules. The supematant from this 
step was dialyzed and subjected to immunoaffinity 
chromatography with MAb 18- 1, and the purity of the 
bound protein was checked by SDS-PAGE after elu- 
tion. As illustrated in Fig. 1 (lane I), the factor ap- 
peared essentially homogeneous with an apparent MW 
of 9 kd, as opposed to the relatively diffuse pattern 
(because of the presence of both NAP-2 and CTAP- 
III) previously reported when we purified the factor 
from stimulated MNCs contaminated with plateletsI 
The identity of the purified species was also checked 
by N-terminal sequence analysis. The results (not pre- 
sented) indicated that there was a complete match 
between the N-terminal sequence of CTAP-III purified 
by us and the published sequence of CTAP-III. 

NAP-2 was purified as follows: The platelet re- 
leasate, which usually contained 0.4 to 0.5 mg/ml of 
protein, was incubated with 0, 0.104, 0.208, 0.415, 
and 0.83 U/ml of porcine pancreatic elastase at 
37” C for 1 hour to determine the optimum en- 
zyme/substrate ratio. At the end of the incubation 
period, aliquots were immediately added to SDS- 
PAGE sample buffer, boiled for 5 minutes, and sub- 
jected to immunoblotting with MAb 18-l) as de- 
scribed in METHODS to check for conversion of 
CTAP-III to NAP-2. As illustrated in Fig. 2, A, all 
CTAP-III was converted to a lower MW form at 0.8 
U/ml elastase concentration. Next, we incubated 
1 ml of platelet releasate with 0.8 U/ml of elastase 
at 37” C for 0, 10,20,30,40,50,60, and 70 minutes; 
20 ~1 aliquots were subjected to SDS-PAGE and im- 
munoblotting, as described above. As illustrated in 
Fig. 2, B, the optimum time for complete conversion 
of CTAP-III was 60 minutes. It is our observation that 
different batches of elastase have different specific 
activities, and therefore, each batch should be eval- 
uated as described above for optimal conditions. We 
then incubated 15 to 20 ml of platelet releasate with 
0.8 U/ml of elastase for 60 minutes at 37” C, and 
after inactivation of elastase with 1 mmol/L of PMSF, 
subjected the digest to affinity chromatography on an 
anti-CTAP-III-Sepharose column, as described in 
METHODS. The final preparation appeared homo- 
geneous on SDS-polyacrylamide gels (Fig. 1, lane 
2) with an MW of 7.5 kd. Its identity with NAP-2 
was established by subjecting the preparation to amino 
acid analysis and N-terminal sequencing (10 cycles) 
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FIG. 2. A, Conversion of CTAP-III to NAP-2 by digestion of crude platelet releasates with porcine 
pancreatic elastase; 1 ml of calcium ionophore-stimulated platelet releasate, containing 0.5 
mgiml of protein, was incubated with 0 (lane 11, 0.104 (lane 21, 0.208 (lane 31, 0.415 (lane 4), 
and 0.83 (lane 5) U/ml elastase for 60 minutes at 37” C followed by SDS-PAGE and immuno- 
blotting with anti-CTAP-Ill MAb. B, Time course of digestion with 0.8 U/ml of elastase; lanes 
1 to 8: 0, 10, 20, 30, 40, 50, 60, and 70 minutes at 37” C followed by SDS-PAGE and immuno- 
blotting. 

as described in METHODS and comparing it to the 
published sequence of NAP-2. The  results (not pre- 
sented) indicated that the purified NAP-2 had the same 
amino acid sequence as that published. 

These data indicate that porcine pancreatic elastase 
can be  successfully used to purify NAP-2 by specific 
cleavage of the first 15  residues of CTAP-III. Com- 
bined with our MAb 18-1 affinity chromatography, 
the present protocols yield m icrogram quantities of 
pure CTAP-III or NAP-2 in a  single step from calcium 
ionophore-stimulated platelet releasates. 

Since the HRF previously reported by us contained 
both CTAP-III and  NAP-2,15 it was not clear if the 
two factors elicited HR from the basophils indepen- 

dently or in cooperation. When  we tested these factors 
independently in the current study, each released his- 
tamine in a  dose-dependent  fashion. As illustrated in 
F ig. 3, the HR elicited by the two proteins was par- 
allel, ranging from 4% to 16%. In the same experi- 
ment, the recombinant form of NAP-2” was also able 
to release histamine, and  its activity was higher than 
that by either CTAP-III or native NAP-2. Next, we 
tested 19  different subjects, both atopic and  nonatopic 
for HR with 10  p&/ml of CTAP-III and  NAP-2. Data 
presented in Table I indicate that both factors 
were capable of releasing histamine from human ba- 
sophils. The  release ranged from 0% to 3  1.1% 
(mean ~fr SEM, 10.1 5  1.8) for NAP-2, and  2% to 
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FIG. 3. Representative experiment comparing HR by purified CTAP-III, NAP-2, and recombinant 
NAP-2 with a responsive doner as described. I4 Mean of duplicate determinations from two 
separate experiments are illustrated. Spontaneous release of <I% has been subtracted. 

1 2 3 4 5 

FIG. 4. Stability of CTAP-III added to leukocytes. CTAP-III 
was incubated with leukocytes to release histamine as 
described above, and at the end of the incubation period, 
the reaction mixture was subjected to SDS-PAGE and 
immunoblotting with MAb 18-1; lane 1, CTAP-III alone; 
lane 2, NAP-2 alone; lane 3, cells plus CTAP-III; lane 4, 
cells plus NAP-2; and lane 5, cells plus CTAP-III (same as 
lane 3). 

69% for CTAP-III (mean, 20.1 ? 3.7). In compari- 
son, anti-IgE released 4.4% to 65% histamine with a 
mean of 38.8 + 4.7. These data also suggested that 
there was no correlation between the allergic status 
of the basophil donors and HR by CTAP-III and 
NAP-2. 

Next, we wanted to determine whether CTAP-III 
was being converted to NAP-2 during incubation with 

the basophils, which could mean that NAP-2, but not 
CTAP-III, was the actual histamine releasing agent. 
We therefore subjected the HR reaction mixtures (con- 
taining leukocytes and CTAP-III or NAP-2) to SDS- 
PAGE at the end of the usual incubation period (45 
minutes at 37” C) and immunoblotted with MAb 
18-1, as described in METHODS. As illustrated in 
Fig. 4, CTAP-III and NAP-2 remained indistinguish- 
able from the control incubations (no leukocytes in 
the incubation mixture, lanes I and 2), indicating that 
the interaction of CTAP-III with leukocytes did not 
result in any detectable leukocyte-mediated conver- 
sion of CTAP-III to NAP-:!. 

DISCUSSION 
We have previously demonstrated that mixtures of 

human MNCs and platelets yield three structurally un- 
related histamine releasing activities at MWs 8 to 10 
kd, 15 to 17 kd, and 40 kd.14 Primary structural data 
are available only for the lowest MW form whose ac- 
tivity is attributable, in part, to CTAP-III and its deg- 
radation product, NAP-2.15 Our present study dem- 
onstrates that CTAP-III is the predominant member of 
this family of proteins in A23187-stimulated platelet 
releasates (prepared as described in our METHODS), 
since our MAb did not recognize any band correspond- 
ing to the parent molecule platelet basic protein (con- 
firmed by N-terminal sequence analysis). Since plate- 
let releasates prepared under different conditions of 
intrinsic protease inhibition were reported to contain 
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only = 13% + 4% platelet basic protein,32 the doublet 
observed in Fig. 2, A (lane 1) may represent CTAP- 
III and one of its lower M W  N-terminal forms: des 1 
to 4 CTAP-III, des 1 to 13 CTAP-III, or des 1 to 14 
CTAP-III. These forms have been observed in out- 
dated platelets. I7 “) However, irrespective of the nature 
of the intermediate CTAP-III variant observed in Fig. 
2, A, the final digestion product yielded a single band 
and unequivocal N-terminal sequence of NAP-2. 

Our data reveal that both these factors are capable 
of releasing histamine from basophils (Fig. 3  and 
Table I). The effective range (0.2 to 1 p.mol/L) was 
the same as that required for the stimulation of gly- 
cosaminoglycan and DNA synthesis in fibroblast cul- 
tures.” By contrast, NAP-2 and IL-8 (NAP-l) exhibit 
comparable specific activities on neutrophils, whereas 
CTAP-III has little or no activity.2”. 33 Since monocyte- 
derived proteases have previously been demonstrated 
to convert CTAP-III to NAP-220 and the leukocytes 
used in our HR experiments may contain monocytes, 
NAP-2 might be the histamine releaser in CTAP-III 
experiments. Data illustrated in Fig. 4  preciude that 
possibility and suggest that both CTAP-III and NAP- 
2 can independently release histamine from basophils. 
Curiously, the recombinant form of NAP-2 was rel- 
atively more active than the native form as an 
HRF, and this finding was reminiscent of the higher 
neutrophil-activating activity of the recombinant form 
reported by Castor et a1.34 Also, since IL-8 (NAP-l) 
does not release histamine under identical condi- 
tions ” it is our belief that HR caused by NAP-2 is L. 
not due to neutrophil-derived factors. 

It is important to note that the present HR experi- 
ments did not include deuterium oxide (which non- 
specifically augments basophil responsiveness two- 
fold to threefold) used in our earlier studies. Although 
micromolar quantities of CTAP-III and NAP-2 are 
apparently required for significant HR, these two 
platelet a-granular proteins are present at 1000 times 
the concentrations of other cytokines” and can there- 
fore contribute significantly to HR after platelet ac- 
tivation, which has been observed in allergic and asth- 
matic disease states .3h~ “’ 
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