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Lymphocyte transformation responses to
phytohaemagglutinin and Pokeweed mitogen in
patients at differing stages of HIV infection: Are
they worth measuring?

A S Bansal, A Moran, M Potter, R Taylor, M R Haeney, B K Mandal

Abstract
Aims-To determine whether the routine
measurement oflymphocyte transforma-
tion responses to mitogenic stimuli pro-
vide any information additional to that
available from routine T cell CD4 and
CD8 analysis in patients with HIV infec-
tion.
Methods-The case records of 197
immunologically investigated HIV sero-
positive patients were reviewed. The
influence of disease stage on T lym-
phocyte subsets and lymphocyte
transformation responses (LyTR) to
phytohaemagglutinin (PHA) and Poke-
weed mitogen was assessed.
Results-The median CD3 and CD4
counts and LyTR to PHA and Pokeweed
mitogen were highest in patients with
persistent generalised lymphadenopathy
(PGL) and decreased progressively in the
order: asymptomatic patients, those with
ARC, those with AIDS. LyTR to PHA
was preserved in over 70% of all patients,
but the response to Pokeweed mitogen
was depressed in 8% of patients with
PGL, 34% of asymptomatic patients, 68%
of those with ARC and 78% of those with
AIDS. Subnormal values of both CD4 +
T cells and LyTR to Pokeweed mitogen
were more common in patients with
ARC and AIDS (68%) than in those who
were asymptomatic or had PGL (20%).
Conclusions-CD4 T cell analysis and
LyTR to Pokeweed mitogen, but not to
PHA, both correlate with disease states
in patients with HIV infection.
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The lymphocyte transformation response

(LyTR) to Pokeweed mitogen is significantly
depressed in many patients with early HIV
infection while the response to phytohaemag-
glutinin (PHA) remains preserved until late
in the disease.' Asymptomatic patients also
manifest an impaired response to Pokeweed
mitogen several months before disease pro-

gression to AIDS.' As with the CD4 and total
T cell counts substantial variability in LyTR
is evident in individuals with equivalent
stages of HIV disease.'-3
The routine measurement of LyTR in

patients with HIV infection had been per-
formed in this laboratory since 1983. We
undertook this study to assess the value of
this investigation relative to T cell subset

analysis in the clinical management
patients with HIV infection.

of

Methods
The case records were reviewed of 197 HIV
seropositive subjects attending the Regional
Department of Infectious Diseases at Monsall
Hospital between 1983 and 1991 and on
whom LyTR had been determined. HIV dis-
ease was staged according to Centers for
Disease Control (CDC) classification4 at the
time points of immunological investigation.
Staging was undertaken without knowledge of
these latter results.

Indirect immunofluorescence and ultravio-
let microscopy of lymphocytes separated by
density gradient had been used for total T
cell and CD4/CD8 subset analysis until mid-
1989. Flow cytometry on lysed whole blood
using direct immunofluorescence was used
subsequently. Monoclonal antibodies OKT3,
4, and 8 (Ortho Diagnostics Ltd) were used
for indirect immunofluorescence and Dako
CD3, 4, and 8 used for direct immuno-
fluorescence. Absolute CD3, CD4, and CD8
counts were calculated from simultaneously
determined total lymphocyte counts.

Lymphocyte transformation responses
were measured according to standard meth-
ods. PHA and Pokeweed mitogen were used
at six different concentrations and results
were reported as the maximum response
expressed in counts per minute (cpm), minus
the unstimulated response in cpm.

During the course of their routine care,
many patients had LyTR and subset analysis
performed on several occasions. Where the
CDC classification of the patient did not
change, the means of the LyTR and subset
analyses were used for statistical analysis. For
those patients in whom a change in the CDC
classification was detected, the data were
analysed separately according to their new
CDC classification.

Statistical analysis was performed using the
Mann Whitney-U test.

Results
Over 88% of the patients were homosexual or
bisexual males. Of 12 intravenous drug mis-
users, four were female and eight male. Nine
cases of heterosexually acquired HIV infec-
tion were noted (three Caucasian and one
African female, and one Caucasian and four
African males). Vertical transmission was
recorded in one case and no predisposing
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Lymphocyte transformation responses to phytohaemagglutinin and Pokeweed mitogen in patients with HIV

Table I Comparison of total CD3, CD4, and CD8 between patients in each CDC stage
(data shown as median (range))

CD3 count CD4 count CD8 count
CDC stage (x109/I) (x lo"I) (x109/I)

2(n = 70) 1-46 0 49 0 90
(Asymptomatic) (0-66-3-91) (0 04-2 30) (0-34-3-01)
3 (n= 22) 1-77 0 74 0-84
(PGL) (0-77-3-68) (0-15-2-34) (0 10-2 16)
4 (n = 41) 1-33 0-27 0-80
(ARC) (0-15-3-76) (0-04-1-70) (0-07-2-14)
4* (n= 64) 0-89 0 10 0-64
(AIDS) (0-15-4-27) (0-01-1 57) (0-13-2-92)

2v4* p < 0*0001
3v4 p<003
3v4* p < 0*0001
4v4* p < 0-04
3v4* p < 0*0001
4v4* p < 0-02

2v3 p <005
2v4 p<00001
2v4* p < 0*0001
3v4 p<00001

2v4* p < 0 0003
3v4* p < 0 04

Table 2 Comparison of lymphocyte transformation response (LyTR) to PHA and
Pokeweed mitogen between patients in each CDC stage (data shown as median (range))

CDC stage LyTR to PHA (cpm) LyTR to PWM (cpm)

2 (asymptomatic, n = 70) 24970 (2383-70850) 5430 (178-51270)
3 (PGL, n = 22) 29410 (9240-58760) 5880 (1113-23610)
4 (ARC, n = 41) 23490 (1812-66680) 2540 (0-18060)
4* (AIDS, n = 64) 19170 (1389-94650) 1503 (73-14012)

2v4* p < 0*001
3v4* p < 0-002

2v4 p < 0-002
2v4* p < 0*0001
3v4 p < 0 007
3v4* p < 0 0001
4v4* p < 0 03

factor could be determined in another.
Of the 197 patients, 70 were asympto-

matic, 22 had PGL, 41 had AIDS related
complex (ARC) and 64 were diagnosed as
having AIDS. Table 1 summarises the data
comparing stage of disease and the variables
of total CD3, CD4, and CD8 counts. Table
2 summarises the results of LyTR to PHA
and Pokeweed mitogen for these same
groups. The median CD8 T lymphocyte
count showed a gradual decline with advanc-
ing stages of HIV infection. A significant dif-
ference was, however, only evident between
the asymptomatic patients and those with
AIDS. The median CD3, CD4, PHA and
Pokeweed mitogen counts were highest in
patients with PGL and decreased progres-

sively in the order: asymptomatic patients,
those with ARC, those with AIDS. Apart
from the median CD4 count, there was no
significant difference in each of these vari-
ables between the asymptomatic patients and
those with PGL. HIV progression from PGL
to ARC produced a significant decline in the
median CD3 and CD4 counts and the LyTR
to Pokeweed mitogen but not to PHA (tables
1 and 2). Significant differences were again
noted in these variables, but not to PHA,
with further disease progression from ARC to
AIDS.
The lower limit of normal (95% confi-

dence limit) for the CD4, Pokeweed mitogen,
and PHA counts recognised in this laboratory
are 0-5 x 109/1, 4000 cpm, and 12 000 cpm,
respectively. Table 3 shows the number of
patients from each disease stage with CD4
counts and LyTR above and below the
accepted lower limits. Nearly two thirds
(130) of the 197 patients had a subnormal
CD4 count. A subnormal LyTR to Pokeweed
mitogen was noted in 56% (110 patients) and
a subnormal LyTR to PHA in 16% (32
patients). Among patients with a subnormal
CD4 count, 32% (42 from 130 patients) were
either asymptomatic or had PGL while 68%
(88 patients) had either ARC or AIDS. Over
70% of the patients with a subnormal LyTR
to Pokeweed mitogen had ARC or AIDS (78
from 110 patients) while 30% were either
asymptomatic or had PGL (32 from 110
patients). Eight out of 92 patients (9%) who
were either asymptomatic or had PGL had a

subnormal LyTR to PHA while 24 from the
105 patients (23%) with ARC or AIDS had a
subnormal LyTR to PHA.
A subnormal CD4 count and LyTR to

Pokeweed mitogen was noted in 20% of
asymptomatic patients and those with PGL.
This was increased to 68% in patients with
ARC and AIDS (table 4). In contrast, a nor-
mal CD4 count or LyTR to Pokeweed mito-
gen, or both, was evident in only 32% of
patients with ARC and AIDS, but in 80% of
asymptomatic patients and those with PGL.

Table 3 Numbers ofpatients with normal and subnormal CD4 counts and lymphocyte transformation responses to
Pokeweed mitogen and PHA in each stage ofHIVinfection

CD4 CD4 Pokeweed mitogen Pokeweed mitogen PHA PHA
CDC stage <0-5 x 1091 >0-5 x 109/i <4000cpm >4000cpm <12000cpm >12000cpm

Asymptomatic 37 (53) 33 (47) 24(34) 46(66) 6 (9) 64 (91)
PGL 5 (23) 17 (77) 8(36) 14(64) 2 (9) 20 (91)
ARC 31 (76) 10 (24) 28(68) 13(32) 7 (32) 34 (68)
AIDS 57 (89) 7 (11) 50(78) 14(22) 17 (27) 47 (63)

Figures in parentheses indicate percentages of patients relative to the total number of patients with that stage of infection.

Table 4 Numbers ofpatients with normal and subnormal CD4 counts and LyTR to Pokeweed mitogen in each stage of
HIV infection

CD4 < 05 x 10911 CD4 > 05 x 10911 CD4 < 0-5 x 109/l CD4 > 0-5 x )o'/l
+ Pokeweed mitogen + Pokeweed mitogen + Pokeweed mitogen + Pokeweed mitogen

CDC stage <4000cpm >4000cpm > 4000cpm < 4000cpm

Asymptomatic 16 (23) 27 (39) 21 (30) 6 (8)
PGL 2 (9) 11 (50) 3 (14) 6 (27)
ARC 25 (61) 6 (15) 6 (15) 4 (9)
AIDS 47 (73) 3 (5) 10 (16) 4 (6)

Figures in parentheses indicate percentage of patients relative to the total number of patients with that stage of infection.
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As the LyTR to PHA tended to be subnormal
only when the LyTR to Pokeweed mitogen
was subnormal the proportion of patients
with subnormal CD4 count and LyTR to
both Pokeweed mitogen and PHA was almost
identical with the proportion with subnormal
CD4 count and LyTR to Pokeweed mitogen
alone.

Discussion
The demographic characteristics and factors
predisposing to HIV infection noted in this
study were similar to those recorded before.56
Our finding of a progressive decline in the

CD8 count with more advanced stages of
HIV infection confirms that the immune
damage caused by HIV is not restricted to
CD4 T cells.7-9 We did, however, observe the
median CD3, CD4, Pokeweed mitogen and
PHA counts to be highest and the propor-
tions of patients with subnormal values for
these variables to be lowest in patients with
PGL. This suggests that immune function is
best preserved in patients with PGL.
Persistent and generalised lymph node
enlargement may therefore reflect successful
temporary containment of HIV infection.
A decreased proliferative response to

Pokeweed mitogen has been shown to be an
early predictor for the development of AIDS
in asymptomatic HIV seropositive subjects.'
Similar predictive information has been
claimed for both the absolute CD4 lympho-
cyte count and the CD4:CD8 ratio.'01'
Substantial depression of lymphocyte trans-
formation to Pokeweed mitogen and a lesser
depression to phytohaemagglutinin has been
noted as an early feature in subjects with a
severe initial seroconverting illness.'2 Early
progression to AIDS or ARC occurred in two
of the seven patients reported by this group.'2
Lymphocyte hyporesponsiveness to Poke-
weed mitogen also appears to correlate with
an impaired in vitro proliferative response to
cytomegalovirus (CMV), Candida, and
tetanus toxoid.' '13

In agreement with Hofmann et al,3 we too
found that LyTR to Pokeweed mitogen was
significantly lower in the patients with AIDS
and ARC compared with asymptomatic
patients and those with PGL (table 2).
Furthermore, a subnormal response to
Pokeweed mitogen was more common in
patients with asymptomatic disease or PGL
compared with patients with AIDS or ARC.
For an individual patient, however, an iso-
lated value for LyTR to Pokeweed mitogen
provided only limited discriminatory informa-
tion on the CDC classification. This was cer-
tainly true ofLyTR to PHA which was within
normal limits in over 70% of all patients, and

partially true for the CD4 count which
showed subnormal values in over half of the
patients with asymptomatic disease and in
over three quarters of the patients with ARC
or AIDS. A combination of the CD4 count
and LyTR to Pokeweed mitogen was, how-
ever, more helpful in CDC classification in
that subnormal values for both variables were
found in only 20% of asymptomatic patients
or those with PGL but in over 70% of
patients with ARC or AIDS. Moreover, a
subnormal CD4 count and LyTR to
Pokeweed mitogen, or both, were evident in
95% of patients with AIDS.
We conclude that in HIV seropositive sub-

jects in whom the clinical history is insuffi-
ciently clear to allow precise CDC
classification to be made a combination of
CD4 analysis and assessment of LyTR to
Pokeweed mitogen may be helpful. Analysis
of LyTR to PHA provides little additional
information to that already provided by the
two previous investigations.
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