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' 021 Antigenic Analysis of Hematopoiesis: II. Expression of Human o
! 022 Neutrophil Antigens on Normal and Leukemic Marrow Cells A
{ )
; . 023 Lewis C. Strauss, Keith M. Skubitz, J. Thomas August, and Curt |. Cvin .:n
- o
i 024 ““The binding of five sntinevtrophi ! sutobodies,
026  AHN-1, -2. -3, -7, and 8. 10 normel and leukemic bone )
026 maerrow cells was studied. AHN-7 bound to meny granulo- Ny
027 cytic precursors, particulsrly myelocytss, snd both lym-
' 029  phoid and biast celts in normel merrow, and to most but not )
‘ 029 ogr y hege progenitors (CFC-GM]. AHN-8 de s e would f’/‘g‘:‘f‘ \
030  bound only to lste (band and ) neutrophilic celis ﬂ ER A gt
03t endnot 1o CFC-GM. AHN-1, -2. -3 bound to Medb s wa b A )
. 032 identifiable neutrophil precursors. but not to (day-14) CFC- o » -

) 033  GM. Appr N helf of . N or menoc lomd Zotrhlay .'.‘
034 mens were positive with AHN-1 or AHN-7; by contrest, (-H\rru,kod“ the o r) L
o3s d ' were rarely positive. AHN-8 -

036  was rarely found on levkemic cells. Thase antineutr. e —— e
037 ibodi 10 dotect di o P N
(. ; 038  end mey be ussful in the anelysis of o ' PN >
\gwmmmmu YENSTIR VRGN )

] 040 YBRIROMA-DERTVED monoclonal antibodies 7\\ "::
041 MoAbJ specifically reactive with lymphocyte \
042  cell surface molecules have been of great value in the Ve dror Wl Aatsen )
043  analysis of lymphocyte differentiation and lymphoid Ve w it A .
044  neoplasia. ~“MoAb regctive with human neutrophils on Mares, Colls '.:
045 have been develope? qnd are potentially jmportant ‘..

‘ 046  tools for the study of gr.nulocy‘fgnction, eukemic ‘:l,
\ 047  cell origins, granufopoiesis.” Antibodies against "l;
\ 048  the My-1 human granulocyte antigen react with mor- ..‘\
\\ 049 phologically identifiable neutrophil precursors, but not ST :
- 050 with colony-fonningells of the granulocyte-monocyte a8, e - 22X Ty h
T=u051 . lineage (CFC-GM);*We have studied five additional ]
0s2 i monocionai amtibodies for reactivity .. o
053  with human leukemic and normal marrow cells, as scll =5 sly colip |A§ ) z :
054  including CFC-GM. The AHN-7 MoAb reacts witha . Y
055  neutrophil surface protein of 450004660882 pparent
056 molecular weighteand binds to peripheral blood baso- URGENT Y
057  philsecsimephile, and monocytes, as well as neutro- .
058  phils’ (and unpublished data). AHN-8 recognizes a AND RETURN YOUR :
059  glycolipid antigen and reacts solely with mature neu- PLEASE CHECK b
060 trophils in peripheral blood.” AHN-1, -2, and -3 bind N 48 HOURS., THE (3
061 to a carbohydrate sequence found on several mem- GALLEYS WITHI > ;
062  brane glycolipids and shw proteins of neutrophils.™ ISSUE IS RUNNING LATE. Q )
083 MATERIALS AND METHODS o

~DISTRIBUTION STATEMENT A

Apprcved for public relecse;
Distribution Unlimited

'
: 2

T
) \ AR
! "!! "3‘.\‘\“\’)‘ E?&.Qh‘k

RS N T NN G

THANK YOU. '

88 6 15 035 I
T T B S M RS

A
—L"



PR R R A R R AR AT S U VU P AU VU UL AT U MU Y. W WL WG WO i T P WL Y Y R W

B e

64 Scince Press | A

o -
\)
085  Blood—7360-203-4 swei 12-14-83 0
066 18B:BLOD203A12.97  GALLEY 2/ s, ;
t
/% \
—
¢
067 Murine monocional antibodies AHN-1, -2, -3, -7, -8 were pre-
. 068  pered as previously described.”® AHN-1, -2, and -3 are 1gM(x) P
069 MaAb: AHN-7 and -8 are 1gG1(s) MoAb. Neat spent hybridoma ."
0710 culture supernatant was used as the antibody source for AHN-1, -3, N
on -7, -8; diluted ascites fluid (1:50) was used for AHN-2. Negative ‘
072 controls were the IgM myeioma protein, TEPC 183, used as diluted \:
0713 ascites fluid (1:50), and MOPC 21.2 IgG| myeloms protein. used as
074 diluted ascites {1:50) or neat spent supernatant of the P3X63.AGS !
07s edl Iun(Ammun Tyw Culture Collection, Rockville, MD). These
076 ins react with no known antigens !
o77 and wme utilized in pu.hel with AHN MoAbs to control for the
018 potsible binding of MoAb due to the Fc rather than the Fab region.
0719 The 1gG2b MoAb, 28/43/6, which binds to lymphocytes from ail ?
080  donors tested.® was used 35 a positive comtrol. Ail antibodies were "
081 used in greater than cightfold excess. ’y
082 Blood cells and bone marrow cells were prepared, and indirect "
083 immunofluorescence amys were performed as previously !
084 ibed.* Back d btained with negative control ¢
085 antibodies was <S‘i and was subi d from that obtained with (
086 AHN MoAb. Low-density nonadherent human bone marrow leuko- -
087 cytes [$ x 10°/ml in RPM1 1640 (Flow, Rockville, MD) containing
088 0.2% bovine serum albumia (BSA: Sigma, St. Louis, MO)] were Ny
: 089  routinely incubated with an equal volume of sterile. centrifuged o
090  (i5.600 g, 15 min. 4°C) MaAb for 20 min (22°C). The cells were /
091 washed twice, then either (A) “panned™ on a goat anti-mouse s’
092 unmuno.loholm«ud Pun dnh using the previously described :
093 haique® or (B) resuspended in 1
094 RPM! 1640 contsining 0.2% BSA, DNAse I (250 Kunitz U/ml; i
095 Sigma. St. Louis, MO) and rabbit complement (Cedariane “Low- b
096 Ton H." Accurate Chemical Corp.. Westbury, NY) at 1:8 dilution.
i %7 as described.* Cells recovered from these procedures were counted .
\ 098 (viable cell count by trypsn blwe dye exclusion), examined for !
! 099 morphology. sad placed in scmwolid agar u:we cullure medium .
100 (containing 5% v/v human pl dium) for N
101 growth and enumeration of CFC-GM." .
ly
102 RESULTS
) 103 Normal human marrow leukocytes were examined

104 for reactivity with the AHN-7 antibody. Low-density
105 nonadherent marrow leukocytes were separated by
106 immune adherence (“panning”) into antigen-positive
107  (bound) and anugen-negauve (unbound) populanons
108  Aliquots of the p d ceil p ions were bs

] 109  (again) with AHN 7 anubody. then analyzed by indi-
110 rect immunofluorescence for expression of AHN-7 )
111 antigen: >90% of the cells in the bound fraction were ¢
112 AHN-7-positive, compared with 35% in the unsepa- '
113  rated population; marked variation in fluorescence
114 staining intensity was observed. Approximately 10% of ‘:
115 the cells in the unbound fraction were (weakly) AHN- W)
116 7-positive. b
117 Fractions obtained after treatment with excess {
118 AHN-7 and panning were examined morphologically L_hccess lon Ii(?ﬁ!‘ X
119 and assayed for CFC-GM. The AHN-7-positive I NTIS GRA&I 174 )

<\ 120  (bound) marrow cell fraction (Table 1A) contained ‘ TIC TAB

121 morphologically identifiable eosinophil, basophil, and | C a
122 neutrophil precursor cells, including myeloblasts, and Unnrounced 1 3

123 was particularly rich in neutrophilic myelocytes (32%
124  and 31% in 2 experiments). A large number of lym-
125  phoid celis and blast cells of several lineages were also
126  seen in the bound fraction. Thus, most or all myelo-

By

127 cytes and subsets of these other marrow ceil types E o e )
128 express the antigen identified by AHN-7. The AHN- _ Listribution/
129  7-negative (unbound) popuiation was depleted of i 3
K713 CFO.GM (Table 2A). only 21% (21% 38% in 3 . Avallabilite “°°9,3____
131 experiments) of control CFC-GM remained. In con- Ava1l amd/or ’
132 trast, with the positive control MoAb 28/43/6, over Dyt Specinl
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136  90% of the marrow leukocytes and all of the CFC-GM ‘X
137  were bound.* The AHN-7-positive (bound) population

138  contained 43% of the starting CFC-GM (19%—43% in -
139 4 experiments), suggesting that most, but not ali, Y

140 CFC-GM in normal marrow express the antigen Lere Iyt
141  detected by AHN-7. This was not due to nonspecifi # >
142 binding of CFC-GM, as no CFC-GM was<éver .y
143 detected in the small cell populations bound after '-;
144  negative control antibody treatment (n = 8 experi- A
145 ments).
o 146 Marrow leukocytes isolated by treatment with et
S 147 AHN-8 MoAb and panning were predominantly '.:q
A 148 (>80% in all 6 experiments) late neutrophilic forms: ‘..{
149  22% metamyelocytes, 312% band, and 40% segmented l‘t“
150  polymorphonuclear leukocytes in the experiment :.l.‘
<151  shown (Table 1B). In 6 replicate panning experiments \
“152  with AHN-8, average cell recovery in the antigen- ':!"
~153  positive population was 12% (range 7%—14%) of the
L 154 starting cells. As expected, when these morphologi- '
=55 cally well differentiated AHN-8-positive cells were ».,")\
156 cuitured (Table 2B), CFC-GM were absent, and CFC- R
157  GM were recovered quantitatively in the antigen- A
158  negative fraction (recovery 86% : (8%, n = 6 experi- by 'l
159  ments). The results indicate that expression of the N, |';
160 AHN-8 antigen by hematopoietic cells is confined to ',B
161  the most morphologically mature cells in the neutro-
162  philic series. »
163 The bound population of marrow leukocytes after o)
164 treatment with MoAb AHN-I1, -2, or -3, contained A0
165 approximately 75% morphologically ideniifiable neu- i
166  trophil precursors, including progranulocytes. plus l:.‘t
167  rare myeloid biasts. The unbound population con- .‘.‘
168  tained predominantly erythroid and lymphoid cells, as 3 lt‘
169  well as small numbers of eosinophils, basophils, and i
170  megakaryocytes (Table 1C; results for AHN-2 and

171 AHN-3 were essentially identical to those for AHN-1
172 and are omitted from Table 1 Ecamd-B). When the )
173 panned populations were cultured, CFC-GM were ht,
174  recovered quantitatively in the antigen-negative frac- {
175 tions and were absent from antigen-positive fractions '
176  (Table 2C). !

177 The [gM MoAb AHN-I, -2, and -3 were also tested L
178  for cellular reactivity by compiement-mediated cytoly- !
179  sis. These MoAb were strongly cytotoxic to HL-60 Y
180 target cells, as measured either by trypan blue dye k
181  exclusion® or by colony-formation assay (data not )
182 shown). Viable marraw cells (isolated by density- HJ-_" .
183 gradient centrifugation) remaining after cytolysis with -l
184  AHN-1, -2, or -3 antibody plus complement were .
185  greatly enriched for erythroid, lymphoid. and blast LA

186  cells (Table 1 D): essentially all morphologically identi-
187  fied neutrophil precursors were removed. However, no

188 reduction of CFC-GM numbers was observed, cither 5':
A~ 189 in individual experiments or in pooled data from w
190  multiple experiments (Table 3A). AHN-2 was tested v

191 as diluted (1:50) ascites fluid; the slight observed effect X

192  of AHN-2 on CFC-GM numbers may be due to ."'

193 unknown suostances in the ascites flud. In contrast, Y
194 CFC-GM were almost completely eliminated by posi- »

195  tive control MoAb 28/43/6 plus complement under W

196  these conditions. Marrow cells surviving initial treat- . ‘: :
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i 200 ment with AHN antibody plus complement were
i 201 (reated a second time with fresh antibody plus comple-
: 202  ment; no incremental effect on CFC-GM number was
| 203  observed (Tabie 3B), confirming that initial conditions
I 204 included excess antibody and complement. Antibody
205  excess was demonstrated directly by preincubation of
206 MoAb with marrow [eukocytes prior to use in anti-
207 HL-60 cell cytolysis experiments: marrow-preab-
208 sorbed antibody was as strongy cytolytic for HL-60
209 cells as unabsorbed antibody (data not shown). These
210  results suggest that the antigen(s) identified by AHN-
211  1,-2, and -3 are expressed by morphologically identifi-
212  able neutrophilic precursors, but not by ceils of other
213  lineages nor by day-14 CFC-GM.

214 Leukemic blast cel! specimens were analyzed by
215  indirect immunofluorescence (as previously de-
216 scribed®) for expression of these AHN MoAb. Only
217  specimens containing =80% leukemic cells were ana-
218 lyzed. A finding of 220% fluorescent cells (above
219 background with isotype-matched control MoAb)
220 indicated expression of an antigen by the leukemic
221  celis and was defined as a positive specimen. MoAb
222  AHN-I and AHN-7 reacted with approximately half
223 (55% and 49%, respectively) of the specimens {rom
224  patients with morphologically defined acute nonlym-
225  phoblastic leukemia (Table 4). A single infant with
226 CALLa-negative acute lymphoid leukemia (ALL) was
227  positive for AHN-1. Binding of certain antineutrophil
228 MoAD to rare ALL blast cell specimens has been
229  previously noted."' AHN-8 reacted with only 1 of 34
230 ANLL and no ALL patients tested: the sole AHN-
231 8-positive patient was only marginally positive (22%
232 Auorescent cells) and was AHN-8-negative at relapse.

233 DISCUSSION

234 It appears that AHN-7, which identifies an antigen
235  on neutrophils. eesianphiley basophils, and monocytes
236 in peripheral blood, identifies the precursors of these
237  cells and also a subset of mc lear cells, including
238  blast cells in normal marrow. Cells at the myelocyte
239 stage were most uniformly positive for AHN-7 in
240 panning experiments, suggesting that antigen expres-
24} sion is maximal at this point in development. The
242 observation that only 54% of the CFC-GM “missing™
243  from the unbound fracticn was detected in the bound
244  fraction can be attributed, at feast in part, to loss of
245  viable cells. The :~covery of bound cells required
246  vigorous pipetting; su_ne mechanicaily induced reduc-
247  tion of colony-forming efficiency might therefore be
248  expected. In the experiment shown, 2 ml of neat
] 249 AHN-7 supernatant was used, fourfold excess volume
. 250  over that used in usual experiments, to assure MoAb
251 excess. Parntition of antigen-positive from antigen-
252  negative cells was demonstrated by immunofluores-
] 253 cence assay, but some weakly positive cells were still
i 254  unbound. The purity of the antigen-negative fraction
! 255 may depend on the physical method used to collect
256 unbound celis. Coamverscly, ihe purity of the bound
257 fraction may depend on the presence of Fc-receptor-
258  bearing cells in the suspension. As no CFC-GM were
259 unbound after treatment with positive control MoAb
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28/43/6, however, and no nonspecific binding of CFC-
264 GM was observed, these experiments suggest that
265 CFC-GM in normal marrow are at [east quantitatively
266  heterogeneous for expression of the antigen identified
267 by AHN-7. An alternative hypothesis, which we con-
268  sider less likely, is that a helper cell population'? was
269  partitioned from the CFC-GM by the procedure. Fur- d
270  thermore, we suggest that the AHN-7-positive popuia- (3
271 tion does not correspond 1o a single morphologically
272 defined cell category, but may relate to the prolifera-
273 tive state as has been shown for the My-7 antigen."”
274  The AHN-7 antigen may prove to be important in the
275 further analysis of hematopoiesis. M
276 The antigen identified by AHN-8 is expressed [

\

L
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277  strongly only very late in neutrophilic maturation and

278  might be important in surface-dependent mature neu-

279 trophil function. The MoAb AHN-1, -2, and -3 iden- s
280 tify a cell population very similar to that defined by the
281  glycolipid My-1 differentiation antigen of human
282  neutrophils. Normal cells of lineages other than neu-
283  trophilic were not identified by AHN-1, -2, or -3, in
284  contrast to AHN-7. Immature neutrophils were AHN-
285  1-positive (but AHN-8-negative), but CFC-GM were
286  AHN-li-negative. The results of cell separation using M
: 287 AHN-1, -2, -3 and panning were confirmed using ’
i 288  complement-mediated cytotoxicity. The removal of ]
! 289  antibody-positive cells was more complete using
: 290 complement, but the results of CFC-GM assays were

) ‘ 291  identical, showing high CFC-GM recovery in both
¥ 292  antibody-negative populations. Another laboratory’
s 293 has observed that CFC-GM express AHN-1, -2, -3
294  antigens. Possible explanations for these contrasting !
.\ 295  results are that the other studies used a different )
296  source of colony-stimulating factor (leukocyte condi- )
297  tioned media), a different preparation of MoAb (as-
;D 298  cites), and a different duration of culture for CFC-GM
4 299 (8 days).
{ 300 in the analysis of ANLL blast cell specimens with )
i 301  antimyeloid MoAb, normal granulopoietic cells v

302 expressing the detected antigens might contaminate
303  the leukemic cells. False positive results arising in this

304 way were excluded by the requirement that 220%
305 ((above hck%%?)ﬁ? cells be ﬂuorscemkn a sample
306 conmaining = eukemic cells. Thus, the percentages

3

/ 3 307 of posiive specimens shown (Table 4) are minimur .

308 estimates. As many ANLL specimens reacted with *

309 AHN-i and AHN-7, these antibodies might, when P

310  positive, be helpful in the distinction of ANLL from ’
311 ALL. It is imriguing that ANLL bilast cells rarely (if

312  ever) bind AHN-8. Conceivably, AHN-8-positive cells 4
313 may not be susceptible to leukemic transformation, or,
314 once transformed, the leukemic cells may obligately

.
N . -, i

e "<(1«( SRR St
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315  lose this antigen. Alternatively, nonlymphocytic leu- :
316  kemic cells may be unable to differentiate to the stage v
317 of AHN-8 antigen expression.'* Whatever the mecha- .
318 nism, the rarity of AHN-8-positive ANLL bfast cells is ’ ‘
319  analogous to the expression of surface antigens (e.g., r
320 T3, surface immunoglobulin) of normal mature lym- !

321 phoid cefls only on rare ALL biast cells.'
322 We have shown that the MoAb AHN-1, -2, and -3
detect a lineage- and stage-specific neutrophil differ-
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327  entiation antigen very similar to the My-1 antigen® not ")
328  present on day-i14 CFC-GM. The AHN-7 MoAb 4 .:
329  detects an antigen expressed by maturing granulocytic "
330  cells, by many lymphoid and blast cells, and by many, ot
331 but not all, CFC-GM. The AHN-8 MoAb detects an e
. 332  antigen expressed very late in neutrophil differentia-
333 tion, first on metamyelocytes. As these AHN antibod-
334 ies define distinct, but overlapping, sets of granulo- L\.
335  poietic cells, they are of potential use in the study of the Y
336  mechanisms of normai celiular differentiation and the A
337  aberrant differentiation processes in leukemia. ),:’ J
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