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Summary
The effect of anti-CD69 monodonal antibodies (mAbs) on the induction of the cytolytic activity
in different types of lymphoid effector cells has been investigated. Three anti-CD69 mAbs, including
the reference mAb MLR3 and two new mAbs (c227 and 31C4), have been used. All cloned
CD3-CD16 + natural killer (NK) cells belonging to different subsets (as defined by the surface
expression of GL183 and/or EB6 antigens) were efficiently triggered by anti-CD69 mAbs and
lysed P815 mastocytoma ceUs in a redirected killing assay. Triggering of the cytolytic activity
could also be induced in CD3-CD16- NK clones, which fail to respond to other stimuli
(including anti-CD16, anti-CD2 mAbs, or phytohemagglutinin). A similar triggering effect was
detected in T call receptor (TCR) 3,/~ + clones belonging to different subsets. On the other
hand, anti-CD69 mAbs could not induce triggering of the cytolytic activity in TCR cr +
cytolytic dones. Since all thymocytes are known to express CD69 antigen after cell activation,
we analyzed a series of phenotypically different cytolytic thymocyte populations and clones for
their responsiveness to anti-CD69 mAb in a redirected killing assay. Again, anti-CD69 mAb
triggered TCR 3,/~ + but not TCR ce/~ + thymocytes. Anti-CD69 mAb efficiently triggered
the cytolytic activity of "early" thymocytes lines or clones (CD3-4-8-7 +), which lack all other
known pathways of cell activation. Thus, it appears that CD69 molecules may initiate a pathway
of activation of cytolytic functions common to a number of activated effector lymphocytes with
the remarkable exception of TCR ot/B + cytolytic cells.
riggering of the cytolytic machinery of human effector
lymphocytes can be induced by different stimulatory
T
agents including antigens, mitogens, and appropriate mAbs.
For example, mAbs specific for the CD3/TCK complex (1,
2) or CD2 molecules (3-5) can mediate triggering of the cytolytic activity in T lymphocytes expressing either TCR o~//~
or TCR 3'/~. On the other hand, activation of
CD3-CD16 + NK cells can be induced by anti-CD16 (6-8)
or anti-CD2 (6, 7) mAbs. More recently, a new family of
stimulator)' surface molecules (9, 10) has been identified in
discrete NK subsets, mAbs to these molecules, including
GL183 and EB6 mAbs, selectivelytriggered these NK subsets.
In addition, a number of triggering molecules are expressed
at the lymphocyte surface only after cell activation. Among
these surface molecules, the CD69 antigen is expressed very
early after T or NK cell activation (11-13), whereas it is not
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expressed on resting T or NK lymphocytes (11, 14, 15). It
has been shown that anti-CD69 mAbs mediate T lymphocyte triggering leading to lymphokine production and cell
proliferation (13, 16). On the other hand, in conventional
TCK o~//3+ cytolytic clones, anti-CD69 mAbs failed to induce cytolytic activity in redirected killing assays (16).
In the present study, we show that mAbs to CD69 molecules efficiently trigger the cytolytic machinery of a number
of peripheral blood or thymus-derived cytolytic clones with
the remarkable exception of those expressing or//3 TCKs.
Materials and Methods
Isolation and Culture of Lyraphocyte Subsets. PBL from normal
volunteers were isolated by FicoU-Hypaquegradients and subsequently separatedinto differentsubsetsby cellsorting and/or treat-
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Results and Discussion

In these studies we used three different anti-CD69 mAbs,
including MLR3 (24) and two new mAbs, termed c227 and
31C4. The reactivity of c227 and 31C4 mAbs with CD69
molecules was substantiated by biochemical evidence and by
the pattern of distribution of the corresponding antigen in
resting and activated lymphocytes (not shown). Thus, under
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reducing conditions, c227, 31C4, or the reference mAb MLR3
immunoprecipitated a 28-32-kD disulphide-linked dimer,
which under nonreducing conditions migrated as a diffuse
60-kD band. In addition, analysis of the pattern of distribution in a panel of resting or activated peripheral blood-derived lymphocyte populations revealed that the c227- and the
31C4-defined antigen(s) were expressed only on activated lymphocyte populations and, in all instances, their distribution
paralleled the expression of CD69 antigen (as defined by MLR3
mAb) (not shown).

Anti-CD69 mAbs Triggerthe CytolyticMachineryof Different
Lymphoid Cell PopulationsDerivedfrom Pe@heralBlood. Previous studies (13, 16) indicated that mAbs specific for CD69
molecules mediated T cell triggering leading to intracellular
Ca 2+ increases, and, in the presence of PMA, to lymphokine
production and cell proliferation. However, no cytolytic activity in CD4 + or CD8 § cytolytic clones could be induced
in redirected killing assays against P815 target cells using antiCD69 mAbs (16). It should be noted that c227 and 31C4
mAbs had been originally selected on the basis of their ability
to trigger the cytolytic activity of the immunizing cells (the
NK clone CES9 or a C D 3 - 4 - 8 - 7 + thymocyte population)
in redirected killing assays against P815 target cells. In view
of these findings, we analyzed the ability of anti-CD69 mAbs
to induce the cytolytic function in a panel of cytolytic lymphoid populations and clones, including NK cells, TCR
c~/~ +, and TCR qr/# + cells.
Recently, by the use of mAbs (GL183 and EB6) directed
to novel triggering surface molecules selectively expressed by
NK cell fractions, we could define four distinct NK subsets
characterized by different functional properties (9, 10). We
therefore investigated the effect of anti-CD69 mAbs in clones
representative of the four subsets. As shown in Fig. 1, MLR3
and c227 mAbs enhanced the cytolytic activity not only of
the immunizing clone CES9 (belonging to the GL183EB6- subset) (D), but also triggered NK clones representative of the other phenotypic groups (.,t, B, and C). In all
instances, the anti-CD69 mAb-induced cytolytic activity was
comparable to that induced by KD1 mAb (anti-CD16). A
similar triggering effect was elicited by other anti-CD69 mAbs,
including 31C4 and Leu23 mAbs (not shown). Resting NK
cells do not express CD69 constitutively (11, 14, 15), however, CD69 molecules are expressed after short-term culture
in the presence of IL-2. We therefore investigated the time
interval required for the acquisition of cytolytic responses to
triggering with anti-CD69 mAb. In these experiments,
CD3-56 + lymphocyte populations were purified from peripheral blood and tested, at different intervals, for cytolytic
responses to anti-CD69 mAbs (against P815 target cells). In
a representative experiment, fresh NK cells lysed P815 cells
in the presence of the (anti-CD16) KD1 mAb (53% lysis at
3:1 E/T ratio), but not of 31C4 (anti-CD69) or c218 (antiCD56). After 18 h of culture, both anti-CD16 and anti-CD69
mAbs induced efficient target cell lysis (92% and 59%, respectively, at 3:1 E/T ratio); target cell lysis in the absence of
mAb or in the presence of anti-CD56 mAb was 21% and
20%, respectively. After 36 h, the anti-CD69 and the anti-
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ment with mAbs followed by complement depletion (10, 17, 18).
Cloning of the various cell subsets was performed under limiting
dilution conditions in the presence of irradiated feeder cells and
IL-2 (rib2; Cetus Corp., Emeryville, CA), as previously described
for both T and NK cells (10, 17, 18).
Production of mAh 5-wk-old male BALB/c mice were immunized with a cell clone termed CES9 (surface phenotype:
CD3-CD16+CD56 § as previously described (10). After six injections, the mice were splenectomized and immune splenocytes
were fused with P3U1 myeloma cells. The screening of hybridoma
supernatants was based on the ability to modulate the cytolytic
activity of CES9 against the cell line termed P815 used as a source
of SlCr-labeled target cells in a 4-h SlCr release assay. According
to this screening procedure, a hybridoma, termed c227 (IgG1), which
was able to increase the cytolytic activity of CES9 clone against
P815 target cells, was isolated and further subcloned in limiting
dilution. The 31C4 mAb (IgG2a) was obtained using a procedure
similar to that described above. In this case, however, mice were
immunized with a polyclonal thymocyte population expressing the
CD3- 4- 8- 7 § 16- surface phenotype.
Isolation and Culture of Thymocyte Subsets. Normal human
thymocytes were obtained from thymus fragments removed during
cardiac surgery of patients 2 mo to 4 yr old, as described (19).
CD3 + 3"/5§ thymocytes (1-2% of total thymus) were obtained
after positive selection of CD3 § thymic cells using ox-red blood
cells immunocoated with OKT3 (anti-CD3 mAb), as described
(20), followed by negative depletion of CD4 + and CD8 + cells
(19). The resulting cell population was >95% CD3 + TCR -y/c5§
as assessedby immunofluorescenceusing anti-TCR #1 mAb. Cloning
of either TCR. c~/~ or TCR ~'/~5§ thymic cells was performed
under limiting dilution conditions as previously described (21).
CD1 - 3 - 4- 8 - 7 + thymocytes were obtained after negative depletion by panning and magnetic beads using anti-CD1 (OKT6), antiCD3 (Leu4), anti-CD4 (Leu3a), and anti-CD8 (Leu2a) mAbs as
described (22). After this purification, cells recoveredwere >99.9%
CD1-3-4-8-. In vitro expansion and cloning of CD1-3-4-8thymic cells was obtained as described (23).
FunctionalAnalysis of Cytolytic Clones. The cytolytic activity
of the various clones was tested in a 4-h 51Cr-release assay, as described above. In all instances, target cells were used at a concentration of 5 x 104/ml and were represented by the P815 murine
tumor cell line. The E/T ratios ranged from 10:1 to 0.5:1, as indicated. After titration, DEAE-Sephacel-purifiedc227 and 31C4 mAbs
were used in most experiments at a concentration of 0.2 ng/ml
resuspended in 50/~1 of medium. The other mAbs, including MLR3
(anti-CD69 IgG2a) (24), Leu23 (anti-CD69 IgG1) (kindly provided
by Dr. R. Testi, University of EAquila, Italy), c218 (anti-CD56
IgG1), c127 (anti-CD16 IgG1), KD1 (anti-CD16 IgG2a), JT3A
(anti-CD3 IgG2a), MAR206 (anti-CD2 IgG1), BB3 (anti-TCR 3'A5
IgG1), and A13 (anti-TCR 3'/~5 IgG1) were used at doses ranging
from 2 to 0.2 ng/ml, depending upon preliminary titration experiments. The above-mentioned mAbs were added at the onset of the
cytolytic test together with the effector and target cells.
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F i g , re 1. Enhancements of cytolytic activities by c227 and MLR3 (anti-CD69) mAbs. (A-D) Phenotypically different CD3-CD16 + clones tested
for cytolytic activity against slCr-labeled P815 target cells at an E/T cell ratio of 1:1. At the onset of the cytolytic test, graded amounts of mAb were
added to the culture. (O) c227; (A) MLR3; (it) KD1 (anti-CD16); ([~) c218 (anti-CD56). (.4) Clone CA8.5 (GL183+ , EBr-); (/7) clone CEG76
(GL183+ , EB6+); (C) done A.M.25 (GL183-, EB6+); and (D) done CES9 (GL183-, EB6-). (E-H) Phenotypically distinct CD3 + clones tested
for cytolytic activity against P815 cells at an E/T cell ratio of 5:1. At the onset of the cytolytic test were added graded amounts of either anti-TCg
(BB3 or A13) mAb (ll) or anti-CD3 0T3A) mAb (A), or anti-CD69 c227 (O) or MLR3 (A) mAb. (E) Clone D1.6 (TCR-7/~ + , BB3+); (F) clone
D1.12 (TCR 7/~ + , A13+); (G) clone 1Bll (TCR. o ~ 1 3 + , CD8+); and (H) done BG2 (TCR ~x/~7+ , CD8-, CD4-).

CD16 mAb-mediated lysis was 71% and 82%, respectively
(22% and 19%, respectively, in the absence of mAb or in
the presence of anti-CD56 mAb). These data are in line with
a previous report by Lanier et al. (11) showing that full expression of CD69 molecules at the NK cell surface requires
•18 h of culture in the presence of rlL,2.
A minor subset of peripheral blood NK cells is characterized by the absence of surface CD16 antigens and by an increased expression of CD56 antigen (CD56 bright cells) (25).
We analyzed clones derived from this cell subset for their
responsiveness to anti-CD69 mAbs. These clones maintained
the original surface phenotype and, similar to most CD16 +
clones, displayed a strong cytolytic activity against both NKsusceptible and NK-resistant target cells. In Table 1, two representative CD3- CD16- CD56 + clones, termed E12 and
AMK3, were compared to the CD16 + clone CEG76 (10).
As expected, clones E12 and AMK3 were unresponsive to
1395

Moretta et al.

anti-CD16 mAb. In addition, they were poorly stimulated
by anti-CD2 mAbs (not shown) or PHA. On the contrary,
in these clones, anti-CD69 mAbs elicited a strong cytolytic
activity.
We next analyzed a panel of T cell clones bearing either
TCR or//7 or TCR 7/8 (Fig. 1). The two TCR 3,/8 +
clones (E and F) are representative of the two major subsets
of TCR 3'/8 + lymphocytes present in peripheral blood (18).
Thus, clone D.1.6 (E) reacted with BB3 mAb (26) and expressed V82, whereas clone D.1.12 (F) was stained by A13
mAb and thus expressed V81 (27). As shown in Fig. 1, antiCD69 mAbs induced triggering of cytolytic activity in both
clones. Similar results were obtained in eight additional TCR
7/~ + clones expressing either V81 or V~2 (not shown).
Fig. 1, G and H, shows that anti-CD69 mAbs failed to
trigger the cytolytic function of two representative TCR
o l / B + cytolytic clones. Clone 1BII (G) is a typical CD4-
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Table 1. Anti-CD69 raAbs Trigger tile Cytolotic Function of
CD3-CDI6-CD56 + N K Clones

Table

2. Effect of mAbs on the Cytolytic Activity of Thymocyte

Populations or Clones Bearing the CD3-4-8-7 § Surface Phenotype

Stimuli added to the Cytolytic test*
Clone

None

Anti-CD16

Anti-CD69

Stimuli added to the cytolytic test*
PHA

Anti-CD69
Effector

E12*

18s

18

45

26

AMK3

19

18

57

28

CEG76

12

59

62

55

CD8 § cytolytic clone, whereas clone BG2 (H) is an unusual
CD4-CD8- TCR oe/3 + clone also characterized by a strong
non-MHC-restricted cytolytic activity against K562 target
cells (not shown). That the TCR expressed by clone BG2
is indeed a TCR cr was indicated by the reactivity with
the WT31 mAb and by the biochemical characteristics of
immunoprecipitated TCK molecules. It should be noted that,
although unresponsive to anti-CD69 mAbs, the cytolytic activity of both TCR ot/[3 + clones against P815 cells could
be efficiently triggered by anti-CD3 mAbs.
Triggering of Cytolytic Activity by Anti-CD69 mAbs in Thymocyte Populations and Clones. As shown by previous studies,
CD69 antigen is constitutively expressed on a subset of freshly
isolated thymocytes that display bright CD3 fluorescence (28).
Cells belonging to this subset were also characterized by the
mutually exclusive expression of CD4 and CD8 antigens, a
characteristic of the mature TCR a / 3 + thymocyte populations. Anti-CD69 mAbs did not induce cytolytic activity of
these thymocytes against P815 target cells. These data are not
surprising since these cells belong to the TCR ot/[3 + subset
(not shown). Also CD69- thymocytes were shown to express surface CD69 antigen after activation in culture (28).
Therefore, we analyzed a series of thymocyte populations and
clones expressing different surface phenotypes for their responses to anti-CD69 mAb. Since all of these cultured thymocytes expressed cytolytic activity (19, 23, 29), they could be
analyzed in redirected killing assays (using P815 target cells)
for their responsiveness to anti-CD69 mAbs. Similarly to
clones derived from PB, thymocyte clones expressing TCR
o~/fl were unresponsive, whereas those expressing TCR 3'/~
were efficiently triggered by anti-CD69 mAbs (not shown).
We next analyzed C D 3 - 4 - 8 - 7 + thymocyte populations
expanded in culture as previously described (23). These cells
expressed cytoplasmic CD3 molecules, thus suggesting that
they belong to an early stage of thymocyte differentiation
1396

Th41*
ThS0
25A6
10B9

None PHA 31C4 MLR3 Anti-CD3 Anti-CD16
205
26
20
4

45
56
55
70

56
50
70
60

50
ND
ND
55

21
25
21
3

21
25
20
2

* The mAbs used in this experiment were represented by KD1 (antiCD16), JT3A (anti-CD3), 31C4 (anti-CD69), andMLR3 (CD69), used
at a final concentration of 1 ng/ml. PHA was used at a final dilution
of 1:1,000 vol/vol.
Effector cells were either bulk populations of activated thymocytes
(Th41 and Th50) or thymocyte clones (25A6 and 10B9). In all instances
these cells expressed the C D 3 - 4 - 8 - 1 6 - 7 + surface phenotype.
5Data are expressed as a percent specific SlCr release at an E/T ratio of
2:1.

(23). In addition to surface CD3, they lack other surface molecules involved in cell triggering including CD16 and CD2
molecules. Table 2 shows two polyclonal cell lines and two
clones derived from this thymocyte population. It can be seen
that anti-CD69 mAbs triggered a strong cytolytic response,
comparable to that induced by PHA. As expected, neither
anti-CD3 nor anti-CD16 mAbs could induce target cell lysis.
Taken together, our data provide evidence that CD69 antigens represent a triggering surface molecule in different types
of cultured cytolytic lymphocytes, with the exception of TCR
a / f l + cells. In a previous report, Testi et al. (16) could not
detect induction of cytolytic activity by the anti-CD69 Leu23
mAb. However, these data are not in contrast with our present
findings since the cytolytic cells used by these authors were
T C R oJfl + clones.
Although not shown, triggering of cytolytic activity was
also obtained using anti-CD69-producing hybridomas as "triggering targets". Thus, all types ofcytolytic effector cells analyzed mediated lysis of the hybridoma target ceils with the
exception of TCR oe/[3 + cytolytic clones. These data indicate that triggering of cytolytic activity mediated by antiCD69 mAbs (similar to most other known pathways of lymphocyte activation) can only be detected in experimental conditions that allow redirected killing (i.e., use of F~R-positive
target cells, such as P815, or anti-CD69 mAb-producing hybridoma). On the contrary, anti-CD69 mAbs could not enhance or inhibit the lysis of Fc~R-negative target cells.
Interestingly, in two distinct CD3- cell populations also
lacking CD16 surface antigen, cytolytic activity could be triggered only by anti-CD69 mAbs. Perhaps more importantly,
in CD3-4-8-7 + thymocyte lines, which also lack all of the
known activation pathways functioning in T or NK cells,
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* The. mAbs used in this experiment were represented by KD1 (antiCD16) and 31C4 (anti-CD69), used at a final concentration of 1 ng/ml.
PHA was used at a final dilution of 1:1,000 (vol/vol).
Effector cells were either CD3-16-56+ clones (E12 and AMK3) or a
conventional CD3-16 +56 + done (CEG76). Target cells were represented by the P815 mastocytoma cell line.
5Data are expressed as a percent specific 5*Cr release at an E/T cell ratio of 1:1.

cells

CD69 represented the only surface molecule capable of inducing efficient cell triggering. These data may suggest a possible role of CD69 molecules in the regulation of the antigen-

independent proliferation occurring in immature thymocyte
populations.

This work was supported in part by grants awarded by the Consiglio Nazionale delle Ricerche (CNR),
Istituto Superiore di Sanit~ (I.S.S.), and by AssociazioneItaliana per la Ricerca sul Cancro (AIRC). A. M.
Orengo and G. Tripodi are recipients of a fellowship awarded by AIRC.
Address correspondence to Alessandro Moretta, Istituto di Istologia ed Embriologia Generale, Via G.B.
Marsano n.10, 16132 Genova, Italy.

Received for publication 3 May 1991 and in revisedform 5 August 199I.

1397

Morettaet al.

10. Moretta, A., C. Bottino, D. Pende, G. Tripodi, G. Tambussi,
O. Viale, A.M. Orengo, M. Barbaresi, A. Merli, E. Ciccone,
and L. Moretta. 1990. Identification of four subset of human
CD3-CD16 + natural killer (NK) cells by the expression of
clonally distributed functional surface molecules. Correlation
between subset assignment of NK clones and ability to mediate
specific aUoantigen recognition. J. Extx Med. 172:1589.
11. Lanier, L.L., D.W. Buck, L. P,.hodes, A. Ding, E. Evans, C.
Barney, andJ.H. Philips. 1988. Interleukin-2 activation of natural killer cells rapidly induces the expression and phosphorylation of the Leu-23 activation antigen.J. Exl~ Med. 167:1572.
12. Hara, T., L.K.L. Jung, J.M. Bjorndahl, and S.M. Fu. 1986.
Human T cell activation. III. Rapid induction of a phosphorylated 28 kD/32 kD disulphide-linkedearly activation antigen (EA 1) by 12-o-tetradecanoylphorbol-13-acetate,mitogens,
and antigens. J. Ext~ Med. 164:1988.
13. Cebrain, M., E. Yague, M. Rincon, M. Lopez-Botet, M.O.
De Landazuri, and F. Sanchez-Madrid. 1988. Triggering of T
cell proliferation through AIM, an activation induced molecule expressed on activated human lymphocytes.J. Exi~ Med.
168:1621.
14. Testi, R., J.H. Phillips, and L.L. Lanier. 1988. Constitutive
expression of a phosphorylated activation antigen (Leu23) by
CD3 bright human thymocytes.J. Iramunol. 141:2557.
15. Nagler, A., L.L. Lanier, S. Cwirla, and J.H. Phillips. 1989.
Comparative studies of human FcRIII positive and negative
natural killer cells.J. Immunol. 143:3183.
16. Testi, R., J.H. Phillips, and L.L. Lanier. 1989. T cell activation via Leu-23 (CD69). J. Immunol. 143:1123.
17. Moretta, A., G. Pantaleo,L. Moretta, M.C. Mingari, andJ.C.
Cerottini. 1983. Quantitative assessment of the pool size and
subset distribution of cytolytic T lymphocytes within human
resting or alloactivated peripheral blood T cell populations.
J. Exl~ ivied. 158:571.
18. Bottino, C., G. Tambussi,S. Ferrini, M.C. Mingari, P. Varese,
L. Moretta, and A. Moretta. 1989. Two subsets of human T
lymphocytesexpressing'y6 antigen receptor are identifiableby
monoclonalantibodiesdirected to two distinct molecularforms
of the receptor. J. Extz Med. 168:491.
19. Mingari, M.C., A. Poggi, R. Biassoni, R. Bellomo, E. Ciccone, N. Pella, L. Morelli, S. Verdiani, A. Moretta, and L.
Moretta. 1991. In vitro proliferation and cloning of
CD3-CD16 § cells from human thymocyte precursors.J. Exla

Downloaded from http://rupress.org/jem/article-pdf/174/6/1393/1102012/1393.pdf by guest on 02 October 2022

~l~nces
1. Meuer, S.C., J.C. Hodgdon, R. Hussey, J.P. Protentis, S.F.
Schlossman, and E.L. Reinherz. 1983. Antigen-like effects of
monodonal antibodies directed at receptors on human T cell
clones. J. Exp. Med. 158:988.
2. Moretta, A., G. Pantaleo,M. Lopez-Botet,M.C. Mingari, and
L. Moretta. 1985. Anticlonotypic monoclonal antibodies induce proliferation of clonotype positive T cells in peripheral
blood human T lymphocytes. J. Exp. Med. 162:1393.
3. Meuer, S.C., R.E. Hussey, M. Fabbi, D. Fox, O. Acuto, K.A.
Fitzgerald, J.C. Hodgdon, J.P. Protentis, S.F. Schlossman,and
E.L. Reinherz. 1984. An alternative pathway of T cell activation: a functional role for the 50 kD Tll sheep erythrocyte
receptor. Cell. 36:397.
4. Moretta, A., D. Olive, A. Poggi, G. Pantaleo, C. Mawas, and
L. Moretta. 1986. Modulation of surface Tll molecules by
monoclonal antibodies: analysisof the functional relationship
between antigen-dependentand antigen independent pathways
of human T cell activation. Eur. J. Immunol. 16:1427.
5. Olive, D., M. Ragueneau, C. Cerdan, P. Dubreuil, M. Lopez,
and M. Mawas. 1986. Anti-CD2 (sheep red blood cell receptor)
monoclonal antibodies and T cell activation. I. Pair of antiTll.2 and Tll.2 (CD2 subgroups) are strongly mitogenic for
T cells in presence of 12-0-tetradecanoyl-phorbol 13-acetate.
Fur. J. Immunol. 16:1063.
6. Van Griend, R., K.L.H. Bolhuis, G. Stoter, and K.C. Roozemond. 1987. Regulation of cytolytic activity in CD3- and
CD3 + killer cell clones by monoclonal antibodies (anti-CD16,
anti-CD2, anti-CD3) depends on subclass specificityof target
cell IgG-FcK. J. Immunol. 138:3137.
7. Moretta, A., G. Tambussi, E. Ciccone, D. Pende, G. Melioli,
and L. Moretta. 1989. CD16 surface molecules regulate the
cytolytic function of CD3-CD16 § human "natural killer"
cells. Int. J. Cancer. 44:727.
8. Anegon, I., M.C. Cuturi, G. Trinchieri, and B. Perussia. 1988.
Interaction of Fc receptor (CD16) ligand induces transcription
of interleukin-2 receptor (CD56) and lymphokine genes and
expression of their products in human natural killer cells.J.
Extx Med. 167:452.
9. Moretta, A., G. Tambussi, C. Bottino, G. Tripodi, A. Merli,
E. Ciccone, G. Pantaleo, and L. Moretta. 1990. A novel surface antigen expressed by a subset of human CD3-CD16 §
natural killer cells. Role in cell activation and regulation of
cytolytic function. J. Extz Med. 171:695.

1398

ford University Press. 432-435.
25. Lanier, L.L., A.M. Le, C.I. Civin, M.R. Loken, and J.H.
Phillips. 1986. The relationship of CD16 (Leu-11)and Leu-19
(NKH-1) antigen expression of human peripheral blood NK
cells and cytotoxic T lymphocytes. J. Immunol. 136:4480.
26. Ciccone, E., S. Ferrini, C. Bottino, O. Viale, I. Prigione, G.
Pantaleo, G. Tambussi, A. Moretta, and L. Moretta. 1988. A
monoclonal antibody specific for a common determinant of
the human TCR 3' directly activates CD3 §WT31- lymphocytes to express their functional program(s).J. Exla Med. 168:1.
27. Miossec, C., F. Faure, L. Ferradini, S. Roman-Roman, S. Jitsukawa, S. Ferrini, A. Moretta, F. Triebel, T. Hercend. 1990.
Further analysis of the T cell receptor 3'~5§ peripheral lymphocyte subset. The V 1 gene segment is expressed with either
Ca or CS. J. ExF Med. 171:1171.
28. Testi, R., J.H. Phillips, and L.L. Lanier. 1989. Leu23 induction as an early marker of functional CD3/T cell antigen
receptor triggering. Requirement for receptor cross-linking,
prolonged elevation of intracellular Ca ++ and stimulation of
protein kinase-C. J, Immunol. 142:1854.
29. Mingari, M.C., P. Varese, C. Bottino, G. Melioli, A. Moretta,
and L. Moretta. 1988. Clonal analysis of CD4-CD8- human
thymocytes expressing a T cell receptor 3'/& Direct evidence
for the de novo expression of CD8 surface antigen and of cytolytic activity against tumor targets. Eur.J. Immunol. 18:1831.

CD69-mediatedPathway of LymphocyteActivation

Downloaded from http://rupress.org/jem/article-pdf/174/6/1393/1102012/1393.pdf by guest on 02 October 2022

Med. 174:21.
20. Royer, H.D., D. Ramarli, O. Acuto, T.J. Campen, and E.L.
Reinherz. 1985. Genes encoding the T-cell receptor ot and B
subunits are transcribed in an ordered manner during intrathymic ontogeny. Proa Natl. Acad. Sci. USA. 82:5510.
21. Moretta, A., G. Pantaleo, L. Moretta, J.C. Cerottini, and M.C.
Mingari. 1983. Direct demonstration of the donogenic potential of every human peripheral blood T cell. Clonal analysis
of HLA-DR expression and cytolytic activity. J. ExF Med.
157:743.
22. Pilarski, M.L., R. Gillitzer, H. Zola, K. Shortman, and R.
Scollay. 1989. Definition of the thymic generative lineage by
selectiveexpressionof high molecularweight isoforms of CD45
(T200). Eur. J. Immunol. 19:589.
23. A. Poggi, R. Biassoni, N. Pella, F. Paolieri, R. BeUomo, A.
Bertolini, L. Moretta, and M.C. Mingari. 1990. In vitro expansion of CD3/TCR- human thymocyte populations that
selectivelylack CD3 ~ gene expression: a phenotypic and functional analysis.J. Exp. Med. 172:1409.
24. Cosulich, M.E., A. Risso, M.R. Mazza, D. Smilovich, M.C.
Capra, A. Massa, S. Costanzi, I. Baldassarro, W. Broge, and
A. Bargellesi. 1989. Functional and biochemical characterization of the activation CD69 antigen defined by A40 (MLR3)
mAb. In LeucocyteTyping IV: White Cell Differentiation Antigens. W. Knapp, B. D6rken, W.R. Gilks, E.P. Rieber, R.E.
Schmidt, H. Stein, and E.G.Kr. von dem Borne, editors. Ox-

