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ABSTRACT

Lymphocytes which appeared in the peripheral blood early
(approximately 4 weeks) after complete bone marrow aplasia
were studied in two groups of patients. Twenty-two allogeneic

bone marrow transplant recipients and 12 acute nonlymphocytic
leukemia patients (entering remission) were compared to 70
healthy control subjects studied during the same time interval.
Studies performed included phenotyping T-cells using monoclo
nal antibodies and T-cell colony formation in response to phyto-

hemagglutinin. The phenotypic profile for the two patient groups
differed from each other and from that of the healthy controls.
The total number of circulating cells reactive with OKT4 were
significantly depressed in marrow graft recipients while only
mildly, but significantly, depressed in leukemic patients. The
number of circulating cells reactive with OKT8 were depressed
in leukemic patients but were essentially normal in marrow graft
recipients. The number of circulating cells reactive with OKIal
and OKT10 were significantly elevated in marrow graft recipients
while significantly depressed in leukemic patients. The T4:T8
ratio was significantly depressed for marrow transplant recipients
and significantly elevated for leukemic patients. T-cell colony
formation in agarose without and with added Â¡nterleukin-2was

decreased for both groups, more so for marrow graft recipients
who virtually lacked the ability to make colonies without exoge
nous Â¡nterleukin2. These phenotypic and functional data suggest
that T-cell reconstitution after bone marrow aplasia and profound
lymphopenia takes quite different pathways for leukemic patients
recovering from remission induction therapy and for recipients
of bone marrow transplants. We were unable to correlate T-cell
functional response in T-cell colony formation with the phenotypic
profile of peripheral blood T-cells.

INTRODUCTION

For patients with malignant disease depression of immune
system functions may occur as a consequence of either disease
state (1), pharmacological agents (2, 3), or a combination of
disease and therapy. To evaluate the status of the immune
system, it has been common to study PBL4 in vitro. Usually, two

types of studies have been performed: (a) evaluation of the
phenotypic profile of PBL with murine monoclonal antibodies and
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flow cytometry (4), and (b) functional studies of PBL stimulated
by lectins in either liquid cultures (5) or semisolid medium (6-8).

It is well known that patients receiving myeloablative chemo
therapy or chemoradiotherapy are more susceptible not only to
bacterial infections but to opportunistic infections as well. We
have been interested in the recovery of the immune system after
myeloablative cytotoxic therapy. We studied two populations of
patients receiving myeloablative therapy with curative intent. The
first group was patients with ANLL entering remission after
intensive induction chemotherapy (9). The second group was
allogeneic BMT recipients prepared with chemoradiotherapy
(10). We analyzed PBL of these patients for their surface marker
profiles and their ability to generate CFU-T in vitro. We used the
CFU-T assay because it is a well established method for analyz
ing the interaction between different subsets of T-cells in agarose

when stimulated by the lectin mitogen PHA (11,12).
The purpose of the study was to compare the pathways of

recovery of the immune system after bone marrow aplasia
produced by different therapies. Both patient populations had
prolonged marrow aplasia and profound lymphopenia. They dif
fered in that recovery for ANLL patients was from endogenous
autologous cells, whereas recovery for BMT recipients was from
engrafted allogeneic bone marrow (13). It is well recognized
clinically that, even though the duration of aplasia may be equal
for both populations, BMT recipients suffer a much more pro
found and prolonged immunodeficiency than do ANLL patients
(14-16).

MATERIALS AND METHODS

Subjects. There were three groups studied between May 13, 1982
and August 31, 1983: (a) allogeneic BMT recipients demonstrating
engraftment; (b) patients with ANLL entering remission; and (c) healthy
volunteers who served as controls. Table 1 gives the demographic
characteristics of each of these three groups. Table 2 gives the treatment
regimens for BMT and ANLL patients. Patients were entered on study
when it was anticipated, by following daily WBC and differentials, that
their peripheral blood would contain approximately 1000 lymphocytes/
/Â¿I.All individuals in the study gave written informed consent to participate
under a protocol approved and reviewed annually by the Institutional
Review Board of the J. Hillis Miller Health Center.

Monoclonal Antibodies. A panel of 10 murine monoclonal antibodies
was used for phenotypic studies of peripheral blood mononuclear cells.
Table 3 lists details of their specificities. NMIg was used as a negative
control.

Indirect Immunofluorescence. The phenotypic characteristics of pe
ripheral blood mononuclear cells were determined by a whole blood
technique using indirect immunofluorescence (17) and flow cytometry
(18). Briefly, a small sample (7 ml) of heparinized blood was obtained
and 100-iil aliquots were incubated with one of the panel of murine
monoclonal antibodies (100 n\ of a 1:10 dilution) or NMIg (100 n\ of a 25-
/tg/ml solution) for 15 min at 4Â°C.RBC were lysed by ammonium chloride
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and the mononuclear cells were washed twice. The cells were then
incubated with fluoresceinated polyvalent sheep F(ab1)a anti-mouse im-

munoglobulin (100 n\ of a 1:100 dilution; Cappel Laboratories, West
Chester, PA) for 15 min at 4Â°C.The cells were washed three times to

remove unbound fluorescein, then fixed with 4% paraformaldehyde in
phosphate buffered saline in preparation for flow cytometry (FACS II;
Becton Dickinson, Mountain View, CA.)

Flow Cytometry. Utilizingforward and right angle scatter, an electronic
window was created such that only small mononuclear cells, which were
predominantly lymphocytes, were enumerated (17). Large mononuclear
cells, which are usually monocytes (17), were excluded from analysis.
Neither patient population had an excess of large mononuclear cells
when compared to controls. Fluorescence intensity histograms for small
mononuclear cells were generated and a computer integrating program
was used to calculate the proportion of cells within the window which
were reactive with each monoclonal antibody. Data are presented as
percentages. The percentage of cells (usually less than 2%) binding NMIg
(nonspecific fluorescence) was subtracted from the percentage of cells
binding monoclonal antibodies in each case.

T-Cell Colony Assay. A whole blood method was used for T-cell
colony formation in vitro (19). T-cell colony formation in semisolid medium
was measured with and without IL-2 (20) as previously described (12).

A WBC and differential were performed to determine the absolute number
of lymphocytes per ml. Blood was diluted with RPM11640 containing 25
mW 4-{2-hydroxyethyl)-1-piperazineethanesulfonicacid (Grand Island Bi

ological Co., Grand Island, NY) and supplemented with 100 units peni
cillin/ml, 100 mg streptomycin/ml, 2 rtiM L-glutamine, 50 mg gentamicin/
ml, 0.05 mg 2-mercaptoethanol/ml, and 20% heat inactivated AB positive

human serum to obtain different concentrations of lymphocytes (0.88,
1.25,1.77, 2.5, 3.54, and 5 x 10*/ml). Diluted blood was warmed briefly
in a 37Â°C heating block, mixed 1:1 (v/v) with 1% low gel temperature

agarose (Bio-Rad Laboratories, Richmond, CA), which had been warmed
to 40Â°C and held at 37Â°C until plating. One-mi aliquots were plated in

quadruplicate at the six concentrations of lymphocytes in six-well flat

Table!
Demographic information for the subjects studied

Number
Median age (yr)
Age range (yr)
Race (White/

Black/Orien
tal)

Sex (M/F)Allogeneic

BMT
recipients2221

(0.8-36)
16/6/012/10Remission

ANLL
patients12

42(17-70)

12/0/03/9Volunteer

CTL
subjects70

31
(16-60)
66/3/136/34

bottomed tissue culture plates (Flow Laboratories, McLean, VA). Each
well was pulsed with 25 ^l PHA-M (Difco Laboratories, Detroit, Ml), and

duplicate wells for each lymphocyte concentration were pulsed with 2
units IL-2 (purified to molecular homogeneity and kindly provided by Dr.

Kendall Smith, Dartmouth University, Hanover, NH). The cultures were
allowed to gel at room temperature and were then incubated for 6 days
at 37Â°C in 5% CO2:95% air and 100% humidity. RBC were lysed with

150 ill of a 1:10 dilution of glacial acetic acid. Colonies (aggregates of
more than 40 cells) were counted with the use of a projecting microscope
(Bausch & Lomb, Rochester, NY). The total number of colonies per well
was determined after counting four to six representative areas in each
well and correcting the average number of colonies for the representative
areas to the total area of the well. Plating efficiency is usually presented
as the number of colonies per 10s lymphocytes plated. Plating efficiency

may sometimes also be presented as the percentage of plating lympho
cytes which form CFU-T. The IL-2 index is the ratio of maximum plating
efficiency without IL-2 to the maximum plating efficiency with IL-2.

Statistics. All data are presented as mean values Â±SD. Comparisons
between groups were performed by the unpaired, Student f test tech
nique. All P values are from two-tailed tests. Where indicated, linear and

quadratic regression analysis techniques were used.

RESULTS

Demographic Data. Tables 1 and 2 give demographic data
and clinical information regarding subject populations and patient
treatment. As compared to ANLL patients, BMT recipients had
more intensive treatment that included in most cases total body
irradiation (up to 1200 rads in six fractions). Underlying diseases
prior to BMT were severe aplastic anemia (n = 4), chronic
myelogenous leukemia in accelerated phase (n = 4), acute
lymphocytic leukemia in second remission (n = 8), and acute
nonlymphocytic leukemia Â¡nfirst remission (n = 6). Despite the
heterogeneity of diagnoses, stages, and therapies, it is worthy
of note that there was remarkable consistency of results within
the two major groupings of BMT recipients and ANLL patients.

In the study we tried to match ages between CTL subjects,
BMT recipients, and ANLL patients. However, among BMT
recipients were children and adolescents. Because of ethical
concerns we could not age match for younger patients. In
addition, among ANLL patients were elderly individuals for whom
we had no available CTL subjects for age matching. Thus, there
is a difference in the median age between our CTL subjects and
the patients studied. CTL subjects are a decade younger than

Table 2

Clinical information for the subjects studied

Subjects
studiedAllogeneic

BMTrecipientsRemission

ANLLpatientsVolunteer

CTLsubjectsNo.

in
group221270Day

on regi-
Circulating lymphocytes men [median

Treatment regimens WBC (no./nl) (no./nl)(range)]1.
Cyclophosphamide+ FxTBl"2.

Busulfan +Cyclophosphamide3.
ara-C, Cyclophosphamide+ FxTBl1

and 2. ara-C + daunorubicin(10 +3days)
or (7 + 3 days)

3. High dose ara-C P < 0.001 â€¢4.3

Â±2.8Â° Â¡-1.2Â±1.0y
p<o.os"Â¡2.5

Â±1.6J 0.9Â±0.4 .27

(20-70f>
NSD28(21-43)j-P<

0.001 P< 0.001 l- P<0.001i
1l6.4

+ 1.8 1â€”1.9+ 0.7

* Fx TBl, fractionated total body irradiation; ara-C, 1-/3-D-arabinofuranosylcytosine;NSD, no significantdifference.
6 Mean Â±SD.
c Only 2 of 22 BMT recipients entered the study beyond 47 days after BMT. Their results were included in this report as they were similar to the results of the other

20 BMT recipients." Two-tailed value derived from unpaired Student's f tests.
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Tabte3
Specificities and sources of monoclonalantibodies

Monoclonal
antibodyOKT3OKT11OKT4OKT8OKT6OKT10OKIalOKT9OKM1TacNMIgCellclass(es)identifiedMature,

peripheralT-cellsSheep
RBC receptor onT-cellsHelper/inducer

T-cellsSuppressor/cytotoxic
T-cellsCommon

(cortical)thymocytesAll
thymocytes, hematopoieticprecursors,myeloblasts,

some monocytes, acti
vated lymphocytes, null cells,immatureperipheral

T-cellsB-lymphocytes,
monocytes, null cells, ac

tivated T-lymphocytes, immature pe
ripheralT-cellsProliferating

hematopoieticandlymphoidcells
(transferinreceptor)Monocytes,

null cells,granulocytesActivated
T-lymphocytes (interteukin2receptor)Negative

control for nonspecificbindingManufacturer

or
sourceOrtho

PharmaceuticalsOrtho
PharmaceuticalsOrtho
PharmaceuticalsOrtho
PharmaceuticalsOrtho
PharmaceuticalsOrtho
PharmaceuticalsOrtho

PharmaceuticalsOrtho

PharmaceuticalsOrtho

PharmaceuticalsGift
from Dr. T.A.WaldmannCappel

Laboratories

ANLL patients and a decade older than BMT recipients. How
ever, 73% (16 of 22) of BMT recipients and 67% (8 of 12) of
ANLL patients fell within the age range of the CTL subjects. By
regression analysis we found no dependence of results upon
age for CTL subjects. Thus we have no evidence that the
difference in ages among subject groups made any significant
contribution to the results we have observed.

Sex distribution for BMT recipients and CTL subjects was
essentially the same; however, there were proportionately more
females among the ANLL patients than among CTL subjects.
We studied six blacks in the BMT recipient group, three in the
CTL subject group, and none in the ANLL patient group. By
unpaired Student's i tests we found no dependence of results

upon either sex or race for CTL subjects. Thus we have no
evidence that sex and racial composition differences among
subject groups made any significant contribution to the results
we have observed.

Blood samples were drawn when the peripheral blood counts
were recovering after bone marrow aplasia. As can be seen from
Table 2, BMT recipients were studied at a median of 27 days
after transplant and ANLL patients at a median of 28 days after
beginning induction therapy. At the time of study the total pe
ripheral WBC and the number of circulating lymphocytes had
recovered from zero in ANLL patients and in BMT recipients but
had not yet reached levels observed for CTL subjects. The total
number of circulating lymphocytes for both patient groups was
approximately 1000/itl (roughly one-half of normal levels) as

desired by the experimental design.
Phenotypic Profiles. Table 4 gives the proportions of sub

classes of "small" PBL (as identified by the monoclonal antibodies

listed in Table 3) in the circulation for the two patient groups and
healthy controls. The proportions for total T-cells (OKT3 positive

and OK11 positive) were essentially equal in CTL subjects and
BMT recipients and were elevated in ANLL patients. The pro
portions of helper T-cells (OKT4 positive) were significantly de

creased in BMT recipients and significantly elevated in ANLL
patients, while proportions of suppressor-cytotoxic T-cells

(OKT8 positive) were significantly increased in BMT recipients
and mildly, but significantly, decreased in ANLL patients. The
T4:T8 ratio was significantly decreased for BMT recipients and
significantly increased for ANLL patients as compared to CTL
subjects. The proportion of cells bearing markers detected by

OKIal, OKT10, and OKM1 were increased significantly in BMT
recipients but were normal in ANLL patients. Cells bearing anti
gens detected by OKT6, OKT9, and Tac were not elevated for
either of the patient groups as compared to CTL subjects. BMT
recipients and ANLL patients differed significantly with respect
to OKT3, OKT4, OKT8, OKT9, OKT10, OKIal, and OKM1
reactive cells.

In the circulation (Table 5) BMT recipients had significantly
decreased numbers of total T-cells and helper T-cells and signif

icantly increased numbers of OKT10 reactive cells and OKIal
positive cells. Also in the circulation, ANLL patients had signifi
cantly decreased numbers of total T-cells, helper T-cells, sup
pressor-cytotoxic T-cells, OKT10 reactive cells, OKIal positive

cells, and OKM1 reactive cells. BMT recipients and ANLL pa
tients differed significantly with respect to OKT4 and OKM1
reactive cells; the differences for OKT10 and OKIal reactive cells
were large but of borderline significance utilizing two-tailed,
unpaired Student's f tests.

CFU-T Formation. Chart 1 shows the relationship between
the number of lymphocytes plated and the number of T-cell
colonies per 105 lymphocytes which grew with and without IL-2

for one CTL subject, one ANLL patient, and one BMT recipient
studied on the same day. Chart 1 is one representative example
of eight similar studies. Typically, PBL of CTL subjects re
sponded to PHA by making a large number of T-cell colonies.
By adding IL-2 the CFU-T response of CTL subjects was typically

doubled (Chart 1a). On the other hand, PBL from BMT patients
typically made few or no T-cell colonies when stimulated with
PHA alone. By adding IL-2 the number of T-cell colonies was
greatly increased; however, the number of CFU-T generated with
IL-2 for BMT recipient PBL typically did not reach the level of
CFU-T generated with IL-2 for CTL subject PBL (Chart 1c). ANLL
patients typically made more T-cell colonies than did BMT recip
ients without IL-2 but typically fewer than did CTL subjects. By
adding IL-2 T-cell colony formation was always increased for

ANLL patients but typically still not to levels produced by CTL
subjects (Chart 10). Plating cell dose-response curves, such as
those shown in Chart 1, were used to determine maximum CFU-
T responses with and without added IL-2 for all subjects.

Table 6 summarizes maximum CFU-T responses without and
with IL-2 for the CTL subjects and for the two patient groups.
The average plating efficiency for CTL subjects without IL-2 was
3.3 Â±3.6%, and the average plating efficiency with added IL-2

was 7.6 Â± 6.4%. BMT recipients and ANLL patients made
significantly fewer CFU-T than did CTL subjects both without
and with added IL-2. BMT recipients made significantly fewer
CFU-T without IL-2 than did ANLL patients. With added IL-2
BMT recipients made fewer CFU-T than did ANLL patients but
this difference was not significant. Table 6 also gives the IL-2
index for the CTL subjects and the two patient groups. The IL-
2 index is the ratio of the maximum plating efficiency of T-cell
colonies without added IL-2 to the maximum plating efficiency
of T-cell colonies with added IL-2. The IL-2 index was markedly

depressed for BMT recipients and moderately depressed for
ANLL patients. Both of these depressions were statistically
significant with respect to CTL values. The IL-2 index for BMT

recipients was lower than that of ANLL patients, but this differ
ence was of only borderline significance utilizing the two-tailed,

unpaired Student f test.
It is worthy of note here that when analyzing the phenotypic
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T-CELLS DURING RECOVERY FROM APLASIA

Table 4
Proportions of lymphoid cells reactive with monoclonalantibodies

Monoclonal
antibodyOKT3OKT11OKT4OKT8OKT6OKT9TacOKT10OKIalOKM1T4:T8

ratioBMT

recipients
(%)68

Â±18(16)"73

Â±16(15)20
Â±9(16)51

Â±16(16)1
Â±2(16)7
Â±6(12)5
Â±5(13)52
Â±18(16)49
Â±21(13)39
Â±19(13)0.45

Â±0.29 (16)P"(BMT

vs.
ANLL)<0.05NSD<0.001<0.001NSD<0.05NSD<0.001<0.001<0.01<0.001ANLL

patients
(%)81

Â±14(12)82
Â±16(11)54
Â±20(12)25
Â±10(12)2

Â±3(12)1
Â±1(5)7Â±6(11)20

Â±16(11)18
Â±13(12)18
Â±15(12)2.80

Â±2.09 (8)P

(CTL vs.
ANLL)<0.001NSD<0.005<0.005NSDNSDNSDNSDNSDNSD<0.001CTL

subjects
(%)71

Â±9(61)78
Â±10(59)43
Â±7(61)31
Â±5(61)2Â±7(61)4Â±5(41)6

Â±7(51)23
Â±11(41)21

Â±14(54)24
Â±13(54)1.46

Â±0.39(61)P

(CTL
vs.BMT)NSDÂ°NSD<0.001<0.001NSDNSDNSD<0.001<0.001<0.001<0.001

* Two-tailed values derived from unpaired Student's t tests.
" Mean Â±SD (numberof subjects studied).
' NSD, no significantdifference.

Tables
Number of circulating lymphoid cells reactive with monoclonalantibodies

Monoclonal
antibodyOKT3

OKT11
OKT4
OKT8
OKT10
OKIal
OKM1BMT

recipients
(no.celis/jii)863

Â±1128(16)"

915 Â±1163(15)
191 Â±187(16)
690 Â±1029(16)
734 Â±963(16)
875 Â±1219(13)
339 Â±250(13)P*

(BMT

vs.
ANLL)NSDC

NSD
<0.005

NSD
<0.07
<0.06
<0.02ANLL

patients (no.
cells/Ml)729

Â±393(12)
746 Â±432(11)
465 Â±249(12)
239 Â±179(12)
167 Â±129(11)
163 Â±160(12)
129 Â±120(12)P

(CTL vs.
ANLL)<0.001

<0.001
<0.001
<0.001
<0.005
<0.02
<0.001CTL

subjects (no.
cells/Ml)1367

Â±553(61)
1511 Â±620(59)
840 Â±358(61)
594 Â±253(61)
444 Â±267 (41)
412 Â±330(54)
460 Â±306 (54)P

(CTL vs.
BMT)<0.025

<0.02
<0.001

NSD
<0.05
<0.025

NSD
* Two-tailed values derived from unpaired Student's f tests.
'' Mean Â±SD (number of subjects studied).
c NSD, no significantdifference.

profiles for BMT recipients, we found no significant differences
between patients who developed acute graft-versus-host dis

ease and those who did not, as we have previously described
(21). BMT recipients with graft-versus-host disease (n = 9) made
somewhat more T-cell colonies than did BMT recipients without
graft-versus-host disease (n = 8), both without IL-2 (170 Â±400
versus 75 Â±140) and with IL-2 (2060 Â±1880 versus 1010 Â±
860). However, the IL-2 index was remarkably similar for BMT
recipients both with and without graft-versus-host disease (6%â€ž

Â±8% versus 5% Â±8%).

DISCUSSION

The mechanisms of immune system recovery after bone mar
row aplasia and profound lymphopenia are not clearly under
stood. In our study we analyzed peripheral blood T-cells pheno-

typically and functionally for two different groups of patients
undergoing myeloablative therapy. Recovery of the immune sys
tem after chemotherapy for ANLL is from the patient's own

marrow, and recovery after BMT is from sibling donor, major
histocompatibility complex identical, allogeneic engrafted mar
row. Studies of PBL were done during the recovery phase after
bone marrow aplasia at approximately the same time for both
patient groups.

The levels of total T-cells, as detected by OKT3 and OKT11,

are high in both patient groups and are similar to the levels found
in healthy controls (22). The sum of helper T-cells (OKT4 positive)
and suppressor-cytotoxic T-cells (OKT8 positive) for both patient

groups and the control subjects essentially equals the level of

10,000

IOOO

8

K
UJ
in

IOO-

lOj

â€¢With IL2
O Without IL2

0 I.25 25
CONTROL

5OO
BMT

NUMBER OF LYMPHOCYTES (X IO"4) PLATED

Chart 1. Platingefficiencyof T-cell coloniesformed with (2 units/ml)and without
interleukin2. Representativecell dose-responsecurves (log-log)are shown for one
control (a),one acute nonlymphocytic leukemia(Â£>).and one bone marrow transplant
(c) subject studied on the same day. Points, mean plating efficiency of T-cell
coloniesfrom duplicate wells at each cell concentration. Concentrations of periph
eral blood lymphocytes plated were 0.88, 1.25, 1.77, 2.5, and 5 x lO'/ml (see
â€¢Materialsand Methods").
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T-CELLS DURING RECOVERY FROM APLASIA

total T-Å“lls (OKT3 positive and OKT11 positive) (23, 24). Our

results for the phenotypic profiles of PBL at the end of 1 month
after BMT are in agreement with those of others, i.e., there is a
reversed T4:T8 ratio for BMT recipients as compared to CTL
subjects (25,26). On the other hand, the T4:T8 ratio is increased
in ANLL patients recovering from induction chemotherapy. The
T4:T8 ratio is abnormally low for BMT recipients not only because
the proportion of OKT4 reactive cells is significantly decreased,
but also because the proportion of OKT8 reactive cells is signif
icantly increased. The T4:T8 ratio is abnormally high for ANLL
patients not only because the proportion of OKT4 reactive cells
is significantly increased, but also because the proportion of
OKT8 reactive cells is significantly decreased.

Another major difference in the phenotypic profile of PBL of
the two patient groups is in the markers of T-cell immaturity.

OKIal and OKT10 are monoclonal antibodies which have spec
ificity for immature T-cells as well as other cells (21, 22). BMT

recipients had significantly increased proportions and absolute
numbers of circulating cells reactive with OKT10 and OKIal (see
also Refs. 25 and 26), while ANLL patients had normal propor
tions of cells reactive with OKT10 and OKa1 but significantly
decreased absolute numbers of circulating cells reactive with
OKT10 and OKIal.

Neither patient group was found to have abnormal proportions
of PBL reactive with OKT6, OKT9, or Tac. BMT recipients had
significantly elevated proportions of cells reactive with OKM1 but
normal absolute numbers of circulating cells reactive with OKM1.
On the other hand, ANLL patients had normal proportions of
cells reactive with OMK1 but significantly reduced number of
circulating cells reactive with OKM1.

The only T-cell functional response that we measured in vitro
was CFU-T formation. It has been shown that PHA-induced CFU-

T formation in agarose results from the cooperation of two types
of cells (11, 12, 20). One type of cell is responsible for CFU-T
formation and is called the T-colony forming cell (T-CFC). The

other type of cell is responsible for interieukin 2 (27) production
and is called the T-cell colony helper cell. The function of this
"helper" cell is entirely replaced by IL-2 (12). It is presumed that

this helper cell is OKT4 positive but this has not yet been formally
demonstrated. The phenotypic properties of T-CFC have been
studied. By negative selection studies, T-CFC have been shown
to bear la antigens and antigens reactive with OKT10; T-CFC

have also been shown to lack antigens reactive with OKT3 and
OKT11 (28). There are no known unique, specific markers for T-
CFC. T-CFC are believed to be progenitor T-cells. The progeny
of T-CFC, /.e., the cells found in T-cell colonies, have been shown

to bear surface markers typical of mature T-cells, i.e., antigens
reactive with OKT4, OKT8, OKT3, and OKT11 (28). Thus CFU-
T formation may be an ideal system for examining T-T cell
cooperation as well as an in vitro model of T-cell differentiation.

Using excess exogenous IL-2 and performing plating cell dose-
response curves, the maximum number of CFU-T formed per
105 lymphocytes can be determined. This number reflects the

proportion of T-CFC present among the PBL. Plating cell dose-
response curves in the absence of exogenous IL-2 (see Chart 1)
are not linear because the CFU-T response is the result of the

cooperation of at least two populations of cells (see above). Even
in the presence of exogenous IL-2 plating cell dose-response

curves are not linear (see Chart 1). This suggests the potential
role in the CFU-T response of other cell populations which include
accessory macrophages, suppressor T-cells, and suppressive

macrophages. There are preliminary data from our laboratory
supporting the regulatory role for each of these cell populations
in CFU-T formation (29-31).

By adding IL-2 to the media for CTL subject PBL, the function

of helper cells can be circumvented as mentioned above. For
CTL subjects adding IL-2 to the medium more than doubled the
number of T-cell colonies formed by the same number of PBL
without the addition of IL-2 (see Table 6). CFU-T generation
without IL-2 was reduced almost to zero for BMT recipients and
severely, but to a lesser extent, for ANLL patients. Adding IL-2
only partially corrected the deficiency in CFU-T generation for
both patient groups. It appears for both patient groups that T-

CFC are deficient after intensive cytotoxic therapy.
The IL-2 index, or the ratio of the maximum plating efficiency

of CFU-T without added IL-2 to the maximum CFU-T with added
IL-2, is a measure of endogenous IL-2 production and, thus, a

measure of endogenous helper cell functional activity. In ANLL
patients the IL-2 index is one-third of normal. By adding IL-2 the
number of T-cell colonies produced can be increased nearly 6-
fold. In BMT recipients the IL-2 index is one-ninth of normal. By
adding IL-2 the number of T-cell colonies produced can be
increased more than 10-fold. These data suggest that helper

cells are also deficient for both patient groups after myeloablative
therapy. It appears that the helper cell deficiency after BMT is
more profound that the helper cell deficiency after induction
chemotherapy for ANLL, even though both patient groups are
recovering from myeloablation and from the same degree of
profound lymphopenia.

Combining the results of both parts of the study reveals that
there is no direct correlation between the proportion of OKT4
reactive (helper T) cells in the peripheral blood and the ability to

Table6
T-cell colony formation in agarose with and without interleukin-2

CFU-T plating
efficiencyMaximum

no. of CFU-T
Without IL-2 (no./IO5

lymphocytes)
With IL-2 (no./1 0s

lymphocytes)IL-2

index" (x 100)BMT

recipients
(n =17)120

Â±310"

1600 +15905Â±8P"

(BMT

vs.
ANLL)<0.01

NSDC<0.07ANLL

pa
tients (n =8)500

Â±270

2700 Â±248016

Â±21P

(CTL vs.
ANLL)â€¢C0.025

<0.05<0.001CTL

subjects
(n =50)3270

Â±3570

7550 Â±642044Â±20P

(CTL vs.
BMT)<0.001

<0.001<0.001

aTwo-tailed values derived from unpaired Student's f tests.
6 Mean Â±SD.
c NSD, no significantdifference.
" Ratio of plating efficiency of CFU-Twithout IL-2 to plating efficiency of CFU-Twith IL-2 (x 100).
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make T-cell colonies in vitro. OKT4 reactive cells are reduced by
50% in BMT recipients but T-cell colony formation is reduced
nearly to zero without added IL-2. In ANLL patients the propor
tion of OKT4 reactive cells are elevated, yet T-cell colony for
mation is markedly depressed. Several explanations are plausi
ble: (a) Intensive therapy delays recovery of T-CFC as well as
the recovery of functional (OKT4 positive) helper T-cells. (o)
Phenotypic expression of the antigen reactive with OKT4 on
PBL in patients recovering from intensive chemotherapy does
not guarantee normal function of helper T-cells. (c) The helper
cell for T-CFC in CFU-T formation may not be OKT4 positive, (d)

Increased suppressive activity may be present early after inten
sive chemotherapy. Suppressor-cytotoxic (OKT8 positive) T-cells
are elevated in BMT recipients but the increment does not
correlate with the degree of depression seen for CFLi-T forma
tion. Furthermore, mixing experiments failed to reveal suppres
sive cells in BMT recipient blood (12). And finally, in ANLL
patients suppressor-cytotoxic T-cells are reduced but T-cell col

ony formation is not augmented. Thus for ANLL patients, if
increased suppressive activity were present, one must speculate
about suppression mediated by cells which may not be reactive
with OKT8. These may perhaps be related to the underlying
leukemic process (19, 32).

In summary, in an attempt to understand the recovery of the
immune system from the immunodepression that patients ex
perience after intensive cytotoxic therapy, we could not correlate
one in vitro measure of immune system function with the phe-
notypic profile of PBL. It appears that the functional assay we
used correlated better with the severity of the immunodepression
than did the phenotypic profile of PBL.
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