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In the setting of hybrid resistance, parental C57BL/6 bone Because G-CSF administration with a syngeneic combina-
tion did not influence the number of colonies, an alteredmarrow (BM) grafts are vigorously rejected by lethally irradi-

ated (C57BL/6xDBA/2) F1 mice. However, F1 mice pretreated distribution of grafted precursors was unlikely. The absence
of a reduction in the number of NK1.1-positive cells in G-by continuous administration of granulocyte colony-stimu-

lating factor (G-CSF) with a miniosmotic pump before BM CSF–treated mice suggested functional impairment of natu-
ral killer cells, major effectors in hybrid resistance, butgrafting developed day-8 splenic colonies of donor origin.

This inhibitory effect on rejection was reversible because F1 further study is necessary to elucidate the mechanism un-
derlying this phenomenon. However, our results indicate themice regained the capacity to reject parental BM when the

pump ceased functioning. The appearance of only a small importance of G-CSF as a regulator in a certain type of im-
mune response and raise the possibility of clinical applica-number of colonies with the administration of G-CSF soon

after BM grafting suggested the importance in producing tion in transplantation medicine.
q 1997 by The American Society of Hematology.this inhibitory effect of pre-exposure of host mice to G-CSF.

G tion system. By using a hybrid resistance system15 in which
NK cells are major effectors of rejection,14 we have shown

RANULOCYTE colony-stimulating factor (G-CSF) is
a cytokine known to regulate the proliferation and

maturation of neutrophilic granulocytes.1 Recent studies that preadministration of G-CSF to the recipient animals
attenuates rejection and renders F1 mice capable of acceptinghave also shown its potential role in upregulating the hema-

topoietic stem cell numbers in the peripheral blood.2-6 The parental BM cells.
latter function is particularly important in transplantation

MATERIALS AND METHODSsettings, because harvesting peripheral blood stem cells is
Animals. C57BL/6 (B6) and (C57BL/6xDBA2)F1 (B6D2F1)easier than recovery from bone marrow (BM).

mice (8 to 12 weeks old) were purchased from Japan Clea CorpThe biologic action of G-CSF has been investigated
(Tokyo, Japan). Mice were maintained in accordance with guidelinesmainly in the maturational process of hematopoietic precur-
of our institution and were kept under specific pathogen-free condi-sors and granulocytic cells. However, the function of G-CSF
tions throughout the experiments.is not limited to these nonlymphoid cells. Our recent study

Reagents. All reagents were obtained from Wako Chemicalsclearly showed that G-CSF acts to increase the number of
(Osaka, Japan), unless otherwise indicated.

mature lymphocytes when expressed as a transgene.7 It is BM grafting and splenic colony formation. BM cells from fe-
therefore likely that G-CSF plays an important role in the male B6 mice at the cell number indicated were intravenously in-
maturation and/or regulation of the immune system, although jected into female B6D2F1 mice within 3 hours after irradiation (9
only a few reports have described a potential G-CSF role in Gy at 250 rad/min). In some experiments, male B6 BM cells were

used as grafts. The day of BM transfer was counted as day 0 through-this system.7-13 We recently described the inhibitory effect
out this study. Mice were maintained on antibiotics-containing waterof G-CSF on the hematopoietic allograft rejections both in
from day06 until the end of the experiments. Acceptance of hemato-mice transgenic for G-CSF and in mice treated with continu-
poietic precursors by recipient mice was monitored by the appear-ous administration of G-CSF.12 Because host natural killer
ance of splenic colonies. Thus, on day 8, the number of colonies that(NK) cells are considered to participate in hematopoietic
had developed on the spleen surface was counted under a dissectingallograft rejection,14 our results suggest the impairment of
microscope after application of Bouin’s fixative. In some experi-

NK cell function in G-CSF–expressing animals. ments, 20 mL of rabbit polyclonal antiasialo GM1 (AGM1) antibody
In this report, we further extend our observation that G- was intravenously injected into the recipient F1 mice on day 01 to

CSF has an inhibitory effect on the hematopoietic graft rejec- deplete NK cells.16 Six mice were used in each experiment and the
average of three independent experiments is presented.

Administration of human G-CSF. Recombinant human G-CSF
(provided by Chugai Pharmaceutical Co Ltd, Tokyo, Japan and KirinFrom the Department of Pathology and Department of Research

Surgery, National Children’s Medical Research Center, Tokyo, Ja- Brewery Co Ltd, Tokyo, Japan) was administered subcutaneously
to B6D2F1 mice using a miniosmotic pump (alzet MODEL2002;pan.

Submitted May 30, 1996; accepted September 27, 1996. 14 days of function; ALZA Corp, Palo Alto, CA) at 25 mg/kg/d,
except as otherwise indicated.Supported in part by a Grant for Pediatric Research (6C-01, 6C-

05) and a Grant-in-Aid for Cancer Research (5-24) from the Ministry Analysis of spleen colonies by polymerase chain reaction (PCR).
The origin of splenic colonies was examined for the combinationof Health and Welfare and by funds provided by the Entrustment of

Research Programme of the Foundation for Promotion of Cancer using male B6 BM cells as donors and female F1 mice as recipients.
On day 8 after BM grafting, the spleen was removed and fixed inResearch in Japan.

Address reprint requests to Junichiro Fujimoto, MD, Department 90% ethanol and 10% phosphate-buffered saline.17 A small tissue
fragment was extracted from the center of each colony, washed onceof Pathology, National Children’s Medical Research Center, 3-35-

31 Taishido, Setagaya-ku, Tokyo 154, Japan. with distilled water, and digested in 0.2 mL of buffer containing
500 mg/mL proteinase K (Boehringer Mannheim Biochemica,The publication costs of this article were defrayed in part by page

charge payment. This article must therefore be hereby marked Mannheim, Germany), 50 mmol/L Tris-chloride (pH 8.5), 1 mmol/
L EDTA, and 0.5 % Tween 20 at 377C with overnight shaking. The‘‘advertisement’’ in accordance with 18 U.S.C. section 1734 solely to

indicate this fact. sample was then incubated at 957C for 8 minutes and a 0.5 mL
quantity was subjected to PCR amplification (947C for 1 minute,q 1997 by The American Society of Hematology.

0006-4971/97/8904-0032$3.00/0 607C for 2 minutes, and 727C for 3 minutes for 35 cycles), using
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G-CSF ABROGATES HYBRID RESISTANCE 1447

Table 1. Effect of G-CSF Administration on the Appearance of hybrids,14 ie, C57BL/6 (B6) as the donor and its F1 hybrid
Splenic Colonies in Hybrid Resistance obtained from a cross with DBA2, (C57BL/6xDBA2)F1

(B6D2F1) as a recipient. We applied splenic colony assaysRecipient Treatment* Donor BM Cells† Day-8 Splenic Colony‡

to evaluate the magnitude of the rejection of parental B6B6D2F1 (0) B6 1 1 105 0.7 { 1.2
BM cells by B6D2F1. Classical rejection in hybrid resistance2.5 1 105 0.7 { 1.1
was shown in an experiment in which untreated B6D2F11 1 106 2.3 { 1.5
mice readily rejected parental B6 BM cells (Table 1). Inocu-B6D2F1 G-CSF B6 1 1 105 3.0 { 2.0

2.5 1 105 10.0 { 3.9 lation of as many as 1 1 106 B6 BM cells produced only
1 1 106 25.3 { 1.5 2.3 { 1.5 colonies. This value is in sharp contrast to the

B6D2F1 AGM1 B6 1 1 105 11.3 { 3.5 result obtained with a syngeneic combination in which only
2.5 1 105 21.0 { 3.1 1 1 105 B6 BM cells produced as many as 18.0 { 1.7

B6 (0) B6 1 1 105 18.0 { 1.7 colonies in B6 recipients (Table 1). However, rejection of
G-CSF 1 1 105 19.0 { 5.7 parental BM cells could be abolished by treating the recipi-

* G-CSF at 25 mg/kg/d was administered subcutaneously with a ents with AGM1 antibody before BM grafting. Thus, 2.5 1
miniosmotic pump starting on day 014. AGM1 was injected on day 105 parental BM cells were sufficient to produce approxi-
01. mately 20 colonies in the AGM1-treated mice (Table 1).

† Number of B6 BM cells transplanted. These results clearly show the rejection pattern in hybrid
‡ Number of colonies represents the mean { SD of three experi-

resistance and the significance of AGM1-sensitive cell popu-ments.
lations as major effectors in rejection.

Before the G-CSF challenge in this system, we first exam-
ined to what extent G-CSF affects the induction of intrinsic

1.25 U of Taq polymerase (Kurabo, Tokyo, Japan), 5 pmol/L of each colonies. G-CSF at various concentrations was administered
primer, and 200 mmol/L of dNTP (Pharmacia, Uppsala, Sweden) in to F1 mice with a miniosmotic pump for 14 days. The mice
a final volume of 50 mL buffer recommended by the manufacturer. received irradiation but no BM graft and spleens were exam-
For amplification of 292 bp of the Y-chromosome–specific sequence

ined on day 8. As shown in Fig 1, colonies appeared and(sex-determining region Y [SRY]),18 the sense primer 5*-GACTGG-
the number increased as the dosage of G-CSF was increased.TGACAATTGTCTAG-3* and the antisense primer 5*-TAAAAT-
Because less than 1 colony on average appeared at 25 mg/GCCACTCCTCTGTG-3* were used. As internal controls, 220 bp
kg/d, this dosage was primarily used for further investiga-of b-actin sequence19 was amplified using the sense 5*-GTACCA-

CAGGCATTGTGATG-3* and the antisense 5*-GCAACATAG- tion. B6 BM was grafted into F1 mice pretreated with G-
CACAGCTTCTC-3* primers. Amplified PCR products were sepa- CSF at 25 mg/kg/d for 14 days. As shown in Table 1, as
rated by 3% agarose gel electrophoresis and stained with ethidium little as 2.5 1 105 BM cells produced 10.0 { 3.9 colonies
bromide. in the recipient F1 mice and the colony number increased

Long-term hematopoietic chimerism. Donor B6 BM cells were when the BM cell number increased. To rule out the possibil-
depleted of T cells with anti-Thy1.2 antibody (PharMingen, San ity of an endogenous origin of the splenic colonies that ap-
Diego, CA) plus complement and then grafted to F1 mice pretreated

peared in G-CSF–treated F1 mice, male B6 BM cells werewith or without G-CSF at 25 mg/kg/d for 14 days. On day 40,
peripheral blood was obtained from alive animals and was double-
stained with fluorescence isothiocyanate (FITC)-labeled anti–H-2Db

and phycoerythrin (PE)-labeled anti–H-2Dd monoclonal antibodies
(PharMingen). The whole nucleated peripheral blood cell population
was gated and the percentage of cells with donor (B6, H-2b/b) or
recipient (B6D2F1, H-2b/d) phenotypes were calculated on a two-
color histogram. The details of flow cytometrical analysis are de-
scribed below.

Flow cytometrical analysis. Flow cytometrical analysis was per-
formed on an EPICS-XL (Coulter, Hialeah, FL). Whole spleen cells
were stained with PE-labeled anti-NK1.1 antibody PK136 (Phar-
Mingen) and FITC-labeled antimouse ab T-cell receptor antibody
H57-597 (PharMingen), and the positivity of the mononuclear cell
fraction as defined by forward angle light scatter and side angle light
scatter was analyzed.

Statistical analysis. Data are presented as the mean { standard
deviation (SD) and were analyzed by Student’s t-test to examine the
statistical significance of differences.

RESULTS

Fig 1. Effect of G-CSF on the emergence of endogenous splenicG-CSF pretreatment of F1 hybrid mice before irradiation
colonies. B6D2F1 mice were treated with various concentrations ofand parental BM grafting. To investigate the effect of G-
G-CSF for 14 days with a miniosmotic pump and then irradiated. NoCSF on the rejection of parental BM grafts by F1 hybrid BM cells were grafted and the spleen was examined for the presence

mice, we used strain combinations recognized as being pa- of colonies on day 8. The results represent the mean Ô SD of three
experiments.rental BM grafts vulnerable to NK-mediated rejection by F1
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Table 2. Analysis of the Origin of Splenic Colonies by PCR (Fig 3). These results showed that G-CSF has little effect
on the proliferation of parental progenitor cells and that ex-No. of BM Cells

posure of the recipients to G-CSF before BM grafting is
G-CSF* 1 1 105 2.5 1 105 5 1 105 Total critical for the attenuation of hybrid resistance.

25 mg/kg/d 4/5† 11/11 23/23 38/39 (97%) Restoration of hybrid resistance after cessation of G-CSF
50 mg/kg/d 1/6 2/10 5/16 8/32 (25%) administration. To examine whether the G-CSF–treated

F1 mice regain the capacity to reject parental BM cells after* G-CSF was injected subcutaneously with a miniosmotic pump
starting on day 014. the cessation of G-CSF administration, we set up experi-

† SRY-positive colonies/no. of colonies examined. ments in which BM grafting was performed after the pumps
had ceased functioning (Fig 3). As shown, the number of
colonies tended to decrease if G-CSF administration had
started earlier than day 014. No statistically significant de-grafted into G-CSF–treated female F1 mice and each colony
crease in colony number was observed in groups in whichwas examined for the presence of a Y-chromosome–specific
G-CSF was started on day 017 (10.2 { 5.1) or day 021sequence by PCR. Most splenic colonies (38 of 39 examined)
(7.6 { 3.7) when compared with G-CSF started on day 014appearing in F1 mice pretreated with G-CSF at 25 mg/kg/d
(10.0 { 3.9), but the colony number in the group in whichcontained 292 bp of the SRY sequence (Table 2 and Fig 2),
G-CSF was started on day 027 was significantly decreasedestablishing the donor-origin of these colonies. However, at
(4.2 { 3.6, P õ .05). This experiment indicated that the50 mg/kg/d, the proportion of SRY-positive colonies was
attenuation of hybrid resistance induced by G-CSF is revers-reduced to 25%.
ible but that this effect is still recognizable even when theFinally, G-CSF was administered in syngeneic combina-
G-CSF titer has returned to the baseline level.tion to determine whether G-CSF alters the distribution of

Long-term hematopoietic chimerism in recipient mice pre-progenitors capable of forming splenic colonies. B6 mice
treated with G-CSF. It is important to ascertain whetherwere pretreated for 14 days with G-CSF at 25 mg/kg/d, irradi-
donor BM precursors capable of long-term hematopoieticated, and challenged with syngeneic BM cells. However, G-
reconstitution can be grafted into G-CSF–pretreated recipi-CSF treatment did not affect the splenic colony number as
ents. As shown in Table 3, G-CSF–pretreated recipient micecompared with G-CSF–nontreated controls (Table 1).
alive on day 40 contained donor-originated peripheral bloodThe effect of G-CSF administration after BM grafting on
cells with the H-2b/b phenotype at a rate as high as 60%.the appearance of splenic colonies. Although the prior ad-
In contrast, G-CSF–untreated B6D2F1 recipients containedministration of G-CSF to F1 recipients appeared to abolish
mostly endogenous (H-2b/d) hematopoietic cells.hybrid resistance, as shown by the appearance of donor-

Presence of NK1.1 cells in G-CSF–treated mice. Fi-originated splenic colonies, the possibility remained that G-
nally, whether NK cells exist in G-CSF–treated animals wasCSF had augmented colony formation. To examine this pos-
studied. In spleen cells from B6D2F1 mice that had receivedsibility, we started G-CSF administration on day 07, day
G-CSF at 25 mg/kg/d for 14 days, TCRab0 NK1.1/ cells01, or day 0 (on day 0 schedule, pump operation was initi-
were clearly identified at a frequency (3.4% of the lymphoidated within 1 hour of BM grafting) and B6D2F1 mice were
cell population) comparable to that of untreated mice (3.7%;inoculated with 2.5 1 105 B6 BM cells (Fig 3). Inasmuch
Fig 4).as the osmotic pump functioned for 14 days, these mice

received G-CSF for an additional 7 or 8 days after BM
DISCUSSIONgrafting. The mice treated with hG-CSF before irradiation,

ie, the day 07 and day 01 groups, developed 10 and 5.8 Pleiotropic actions are a common feature of various cyto-
kines. G-CSF has consistently been shown to exert multiplecolonies, respectively, whereas the mice that received G-

CSF treatment after irradiation developed only 1.4 colonies functions on different cell lineages, but most studies have

Fig 2. PCR analysis for the presence of donor-specific Y-chromosome sequence in splenic colonies. A small fragment of each colony was
subjected to PCR analysis to detect the presence of the SRY sequence. Representative results using G-CSF concentrations of 25 or 50 mg/kg/
d are shown. At 25 mg/kg/d, all colonies were positive for SRY (lanes 1 through 4), whereas only 2 colonies (lanes 7 and 9) were positive at
50 mg/kg/d (lanes 5 through 11). b-Actin used as an internal control was positive in all samples. (?) Male, (/) female, and (M) marker DNAs.
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Fig 3. G-CSF administration protocol and the ap-
pearance of splenic colonies. B6 BM cells were trans-
planted into B6D2F1 mice, following various G-CSF
administration protocols, starting at various points
from day Ï27 to day 0 as depicted. (Ï) represents
BM grafting without G-CSF treatment. The day of
BM grafting is counted as day 0 and the splenic colo-
nies were counted on day 8, as indicated by arrows.
Colony data represent the meanÔ SD of three exper-
iments.

focused on granulocytic cells and hematopoietic precursors, tal GVHD. Using the graft rejection system, we recently
showed that expression of G-CSF in recipients, either trans-including very primitive stem cells.20-22 However, attention

has recently been directed toward the importance of this genically or by continuous preadministration, inhibited the
rejection of hematopoietic allografts as defined by the ap-cytokine as a regulator of the immune response.7-13

In transplantation medicine, G-CSF has successfully been pearance of donor-derived splenic colonies, and this was
confirmed by a long-term hematopoietic reconstitutionused to harvest peripheral blood stem cells.2-6 However,

grafting of such mobilized stem cells into allogeneic recipi- study.12 Furthermore, mice transgenic for G-CSF were
shown to be excellent recipients even for xenogeneic ratents did not increase either the incidence or the severity of

acute graft-versus-host disease (GVHD) as compared with marrow cells.27 These observations show clearly the sup-
pressive effect of G-CSF in various immune responses inallogeneic BM transplantation, despite the presence of sig-

nificant numbers of mature T cells in the peripheral blood which complex mechanisms are operating.
In this report, we present further evidence, in the settinggrafts.2,4,6,23-26 The mechanism underlying this observation

has not yet been clarified, but the study by Pan et al9 may of hybrid resistance,14,15 that G-CSF acts to inhibit host ca-
pacity to reject marrow grafts. The mode of action of G-provide an important clue. Cytokine production of type 1 T

cells in response to alloantigens was reduced in mice pre- CSF in hybrid resistance is similar to that in our previous
observation of allogeneic BM transplantation. Thus, admin-treated with G-CSF, whereas that of type 2 T cells was

augmented, suggesting that G-CSF modulates T-cell func- istration of G-CSF to the F1 recipients before parental BM
grafting inhibited rejection and induced the appearance oftion so as to promote the type 2 response and thereby reduces

the severity of GVHD. Preadministration of G-CSF to donor splenic colonies of donor origin. A noteworthy aspect of this
study is the importance of preadministration of G-CSF. Littleanimals and transplantation of primed splenocytes consis-

tently improved the survival of host animals with experimen- effect was obtained when operation of the G-CSF pumps
was started soon after BM grafting, although a weak but
significant effect was obtained when G-CSF administration
started 1 day before transplantation. In addition, it appearsTable 3. Hematopoietic Chimerism of Recipient F1 Mice After

Parental BM Grafting to be critical that recipients be continuously exposed to a
certain level of G-CSF because a gradual restoration of theHematopoietic

Chimerism‡ capacity to reject the graft was seen after the G-CSF adminis-
tration ceased.

Recipient Treatment* Donor BM Cells† H-2b/b H-2b/d

G-CSF is a strong promoter of proliferation and differenti-
B6D2F1 None B6 1 1 105 6.2% 91.0% ation of hematopoietic precursors.1 In addition, G-CSF alters

8.5% 90.4% the number and the distribution of hematopoietic precur-
16.5% 82.4%

sors.28-30 These actions may affect the fate of transplanted
B6D2F1 G-CSF B6 1 1 105 42.0% 55.0%

precursors. However, this is unlikely for several reasons.54.0% 40.3%
The administration of G-CSF soon after BM grafting had60.2% 38.2%
little effect on the inhibition of rejection, indicating that the

* G-CSF at 25 mg/kg/d was administered subcutaneously with a
appearance of colonies is not a direct action of G-CSF on

miniosmotic pump starting on day 014 and BM cells were grafted on
grafted colony-forming precursors. To obtain splenic colo-day 0.
nies of donor origin, preadministration must be started at† Number of T-cell–depleted B6 BM cells transplanted.
least 24 hours before grafting in our system. It is also possi-‡ Hematopoietic chimerism was examined on day 40. Cells with H-
ble that the altered distribution of hematopoietic precursors2b/b and H-2b/d phenotypes correspond to donor and recipient, respec-

tively. influences the mode of appearance of splenic colonies be-
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Fig 4. Presence of NK1.1 cells in spleen of mouse
treated with G-CSF. A B6D2F1 mouse was treated
with G-CSF at 25 mg/kg/d for 14 days with a minios-
motic pump and splenocytes were stained with FITC-
labeled anti-TCRab antibody (X-axis) and PE-labeled
anti-NK1.1 antibody (Y-axis). Note the presence of
comparable numbers of NK1.1" cells in G-CSF–
treated and untreated mice (Control).

cause precursors capable of producing colonies accumulate may be involved in BM graft rejection.31,34 In this regard,
the report by Taga et al8 describing NK cells obtained fromin the spleen after G-CSF treatment.28-30 The precise mecha-

nism by which G-CSF increases the number of stem cells patients who received G-CSF treatment as showing reduced
killing activity and cocultivation with G-CSF–primed neu-in the spleen is as yet unknown, but it is possible that precur-

sors in the BM are forced to migrate to the spleen due to the trophils as decreasing NK cell activity is of interest. These
investigators also showed that direct contact between NKBM cavity being fully occupied by cells induced to undergo

maturation by G-CSF. If this is the case, it is conceivable cells and primed neutrophils was necessary to downregulate
NK cell activity. Whether a similar mechanism operates inthat the grafted precursors are more likely to migrate to the

spleen than to BM, thereby increasing the likelifood of hom- our system is now being investigated.
A unique feature of G-CSF–induced suppression of grafting and proliferating in the splenic microenvironment. How-

ever, this possibility was ruled out by the syngeneic combi- rejection in our system is that the effect is transient and
reversible. Gradual recovery after the cessation of G-CSFnation results. Splenic colony numbers in syngeneic BM

transplantation were not influenced by the presence of G- treatment indicates the unlikeliness of an antigen-specific
priming effect. Rather, it implies the nonspecific suppressionCSF, at least at the dosage of 25 mg/kg/d. From these results,

it can surely be concluded that the phenomenon of hybrid of certain immune responses during the period of upregu-
lated G-CSF level. In this sense, it is noteworthy that alloge-resistance inhibition induced by G-CSF is not the result of

a hematopoietic-promoting action of G-CSF. However, the neic and xenogeneic BM grafts survived and reconstituted
for a long period of time in host mice transgenic for G-CSF.possibility remains that any change in the hematopoietic

microenvironment induced by the prolonged and dysregu- In the hybrid resistance system as well, long-term reconstitu-
tion of donor-originated hematopoiesis was shown in thislated presence of G-CSF may favor the acceptance of BM

grafts that would otherwise be rejected. study. These observations suggest that maintenance of G-
CSF at an upregulated level in vivo works to decrease hostHybrid resistance is an immunologic phenomenon gov-

erned by unusual mechanisms.14 B6 BM grafts are vigorously defense mechanisms against certain stimuli.
In conclusion, G-CSF acts to suppress the graft rejectionrejected by irradiated (B6xDBA/2)F1 mice, whereas B6 skin

grafts are readily accepted by F1 mice. NK cells and certain mechanism mediated by complex immunologic responses.
This implies a newly recognized role of G-CSF as an immu-T cells are considered to be engaged in the rejection process,

and molecules other than the T-cell receptor, eg, Ly49 fami- nosuppressive reagent. G-CSF has been extensively used
clinically and numerous studies have been performed on itslies, appear to mediate this type of allospecificity. Ly49 mol-

ecules serve as receptors for class I major histocompatibility effect on hematopoiesis. The results described herein under-
score the importance of this cytokine as an immunomodula-complex molecules, each of which exhibits allospecific rec-

ognition.31-34 The mechanism by which G-CSF exerts inhibi- tor in various situations. Further study is anticipated to pro-
vide new strategies aimed at manipulating the immunetory effect on hybrid and allogeneic resistance is as yet un-

known, but it is possible that this cytokine suppresses a response in various clinical settings.
certain step in the recognition and killing process of target ACKNOWLEDGMENT
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