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Effects of Corynebacterium parvum and BCG therapy on
immune parameters in patients with disseminated melanoma.

A sequential study over 28 days
I. CHANGES IN BLOOD COUNTS, SERUM IMMUNOGLOBULINS

AND LYMPHOID CELL POPULATIONS
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SUMMARY

The effects of a single immunization of melanoma patients with BCG or C. parvum on blood
counts, serum immunoglobulin levels and lymphoid subpopulations were followed by multiple
assays over 28 days. C. parvum produced a decrease in the white cell count, lymphocyte count
and lymphoid T and sIg+ cell numbers, which recovered within 1 week; BCG did not produce
such a marked depression. Both agents were associated with increases in T cell numbers and
lymphocyte PHA blastogenesis after the first week; these declined to pre-immunization values
by 3-4 weeks. The sIg-bearing cell subpopulation also increased after BCG. Different methods
of expressing the results were compared and the difficulties of immunological monitoring are
discussed.

INTRODUCTION

The rational use of immunomodulators in human malignancy requires documentation of the effects of
such agents on immune reactivity in cancer patients. This is important, as increasing numbers of tumour
immunotherapy studies are now being undertaken.
The purpose of this and the following report is to describe the effects of C. parvum and BCG on

various immune parameters, e.g. lymphoid cell subpopulations and 'killer-cell' cytotoxicity, over a 28 day
time course. The difficulties of immunological monitoring and the scheduling of immunotherapy with
C. parvum and BCG are discussed.

MATERIALS AND METHODS

Subjects. Twenty-four consecutive patients with disseminated melanoma were studied, after informed consent had been
obtained. No patient had received previous chemotherapy or radiotherapy. Any general anaesthetic had been given at least
14 weeks prior to the study. The median age was 43 years, range 22-75 years. Alternate patients were given either BCG
or C. parvum; clinical details are shown in Table 1. All patients had a Karnofsky performance score > 60.

Immunization. BCG vaccine, percutaneous Glaxo was reconstituted with 0 3 ml sterile water and administered by 'multiple
puncture gun'. Five applications ofvaccine (100 needle punctures, 2-0mm depth) were given to each limb.

C. parvum (Burroughs-Wellcome CN6134) 2-0 mg/mi body surface area was given i.v. in 300 ccs of saline over 3 hr.
No anti-pyretics nor steroids were given during the treatment.

Thirty-six healthy subjects (the majority blood donors) were employed as normal controls. The median age was 42-5 years,
range 22-71 years. Venepuncture was performed immediately before immunization and then at days 2, 4, 7, 10, 14, 21 and
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28 following immunization. An extra sample at 3 hr was taken at the end of the C. parvum infusion. Total white cell, lympho-
cyte and monocyte counts were routinely estimated for each sample. Serum immunoglobulins IgA, IgM and IgG were
measured (Mancini radial immunodiffusion) at the beginning and end ofthe study period.

Isolation of lymphocytes. Heparinized blood was incubated with finely divided iron and lymphoid cells separated on a
Ficoll-Triosil gradient (Thatcher et al., 1977). Differential cell counts on stained smears gave 94% or greater lymphocyte
purity.

E-rosettes. The method has been described previously (Thatcher et al., 1977). Briefly, washed SRBC in foetal calf serum
(2 x 108 ml) were added to the lymphocyte suspension (40 : 1 cell ratio), incubated at 40C for 18 hr and the percentage of
rosetting cells counted. All preparations were tested in triplicate.

Surface immunoglobulin determination. Lymphocytes were washed three times at room temperature and incubated at
40C for 30 min with a fluorescent polyvalent, sheep anti-human Ig serum (Wellcome-Reagents Ltd.). After incubation and
washing, the cells were examined under a Vickers Photoplan Fluorescence Microscope. The percentage of cells exhibiting
surface fluorescence (multiple point staining) was determined.
The null cell percentage was obtained from: 100 - sum (E-rosette cell %+ sIg staining cell %). Absolute cell counts were

obtained by multiplication with the peripheral lymphocyte count.
PHA stimulation. Lymphocytes were cultured in Cooke microplates at 3 x 105 cells per well with 0-2 ml NaHCO3 buffered

minimum essential media (Gibco) supplemented with 10% inactivated FCS, either with or without PHA (Wellcome-
Reagents Ltd.) added to give 0 5, 1-0, 2-0 and 6-0 pg/ml. The method, using a 3 day incubation, 6 hr 3H-thymidine pulse and
a multiple culture harvester, has been described previously (Potter & Moore, 1977).
The spontaneous 'H-thymidine uptake with media alone and the maximum incorporation with PHA were expressed as

mean counts per minute, ct/min and used to derive the 'stimulation index' (SI):

maximum ct/min- spontaneous ct/min
spontaneous ct/min

The 'mitogenic capacity' was calculated as Log10 (lymphocyte count/mlx[maximum PHA response - spontaneous
uptake in ct/min]) (Campbell et al., 1973).
The optimal adjusted PHA response (OAR) is the greatest adjusted PHA response of the four PHA concentrations. The

adjusted PHA response is the 3H-thymidine uptake in ct/min multiplied by the negative log of the PHA concentration
(mg) in that culture (Gross & Eddie-Quartey, 1976). Calculation ofresults and statistical analysis was by computer.

RESULTS
Pre-immunization patients' immunological profile compared with a normal controlgroup
These differences were analysed for 'overall' statistical significance among the three groups (BCG,

C. parvum and controls) by a Kruskall-Wallis one-way analysis of variance and, if significant (P< 0 05),
then the differences between pairs (e.g. BCG vs normal control) were analysed by Mann-Whitney U
two-tailed tests at a reduced significance level (P<0.0171). There were no significance differences for
any pre-immunization test value between the C. parvum and BCG groups. The median values and
ranges (at 0 4 time) for the melanoma patients are given in Tables 2, 3 and 4.
There were statistically significant differences for the percentage of E-rosettes between the normal

controls (median 72-0, range 50.0-87.0) and the melanoma patients in the BCG and C. parvum groups.
The E-rosette absolute count exhibited a similar pattern of statistically significant differences (control
group, median 140-4, range 72.4-256.7).
The slg-bearing cells in the melanoma patients were not statistically significantly reduced when

compared with the control group; the null cells in the melanoma patients had correspondingly higher
median values than in the controls, but again these differences were not statistically significant.
The PHA blastogenesis response was analysed for the five PHA concentrations 0, 0 5, 1.0, 2-0 and

6-0 jig/ml. The responses at the 1*0, 2-0 and 6*0 gg levels were significantly lower in the patient groups
compared with control values. The maximum uptake usually occurred with 1 0 gg/ml PHA, the control
median value was 78,425 ct/min, range 23,688-203,747. The stimulation index (control median 68-8,
range 23.3-331-7), mitogenic capacity (control median 8-201, range 7.608-8.639) and optimal adjusted
response (control median 5-413, range 4.893-5-923) were all statistically significantly lower in the
patient groups. The blood counts and serum immunoglobulin levels in the melanoma patients were
not statistically significantly different from those of the controls, although the median lymphocyte
counts in the patient groups were lower than in the control group.
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Changes in immunological profile fllowing immnization with BCG or C. parvuni

The results of the Friedman analyses for overall change and, where significant, the results of Wilcoxon
analyses are given in Tables 2, 3 and 4. Early decreases in median values for all parameters except the
percentage of null cells were noted after C. parvum (at 3 hr, up to 7 days); these were statistically
significant for the white count, lymphocyte count, E-rosette and slg counts and for the mitogenic
capacity. Similar decreases in median values were noted after BCG, but were less prolonged and not
statistically significant.

Recovery occurred by day 4 or 7 and increases above pre-immunization values followed. The increases
in median values for the various assays were maximal in the 7-21 day interval and declined towards initial
values by day 28. The increases were statistically significantly different from the 'pre-C. parvum' immu-
nization values for the E-rosette cell count, and P1IA blastogenesis expressed as maximum uptake and
stimulation index, but not when calculated using the OAR method. After BCG, significant increases
were found in the percentages of E-rosettes, sIg cells (with a corresponding decrease in the percentage of
null cells and null cell count) and all PHA blastogenesis expressions, except the stimulation index.

DISCUSSION

Analysis of the sequential data was complicated by 'non-normal' distribution in the assay values,
multiple sequential assays and the large volume of information generated. A computer programme was
designed to overcome these problems.
The reduction in T cells observed in the patients before immunization confirms other reports (Wvbran

& Fudenberg, 1976; Golub, O'Connell & Morton, 1974). Immunosuppression or the inability of the
immune system to react to a stimulus could be an explanation for the failure of monitoring to detect
changes in some immunotherapy studies. However, this suggestion is not supported by the present
investigation in which statistically significant decreases and increases were observed after immunization.
The early decrease in the white cell and lymphocyte count after C. parvumni administration has been

described using higher doses 5.0 mg/M2 than those reported in this study (Gill et al., 1978). A significant
reduction in T and sIg+ cell numbers together with a reduction in P1IA blastogenesis, also occurred in
the first week after C. parvum, a similar trend (non-significant) was noted after BCG. These changes
have not been previously described in man.

After recovery, increases in median values (above pre-immunization values) occurred during the second
and third weeks. These were statistically significant for T cell numbers (and blastogenesis) after C.
parvum, and also for sIg+ cell percentage after BCG. Other authors have found no change in these
parameters after C. parvum in breast carcinoma (Minton et al., 1976) nor after BCG in bronchial car-
cinoma (Oldham et al., 1976). In the present study, the patient groups were well defined with similar
clinical features and performance status, there was also no obvious increase in tumour burden during
the study period. These factors and the strict collection of all samples on multiple occasions over a short
time course and the use of fresh lymphocytes may have assisted the detection of significant change. The
increases in immunological parameters were declining to base line values during the fourth week;
monthly assays (Oldham et al., 1976; Golub, Forsythe & Morton, 1977) would not detect any increases
if the immunization schedule was ineffective at maintaining increased reactivity.

Cells carrying surface immunoglobulin wxere represented by a somewhat higher proportion of lympho-
cytes than is currently considered to be of B cell origin. A proportion of cells with adsorbed IgG might
have been responsible and this uncertainty requires that these cells be described as sIg+ cells. These
data and that of the null cells (which may have been underestimated) are included for completeness and
as there is a paucity of information describing the effects on these two subpopulations of immunotherapy
at present.

It may be more relevant when measuring changes in immunity to calculate results related to the
numbers of circulating lymphocytes (e.g. the percentage of E-rosettes expressed as 'absolute' numbers).
The mitogenic capacity represents the PHA responsiveness in 1-0 ml of blood (Campbell et al., 1973).
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The optimal adjusted response, OAR, takes into account responses at low PHA concentrations, which may
be more sensitive to change, than the response at optimal PHA concentration; in addition, more data
describing the PHA titration curve are utilized (Gross & Eddie-Quartey, 1976). After BCG therapy, the
spontaneous and maximum uptakes, mitogenic capacity and OAR all increased. But with C. parvum,
the OAR did not increase significantly, although the stimulation index and mitogenic capacity did rise
significantly. This result fails to support the 'increase in sensitivity' claimed for the OAR compared with
other expressions. The pattern of response (decline, recovery, overshoot, etc.) with time indicates the
need for analysis at different time intervals following immunization. Grouping of data at different time
intervals might have resulted in no significant differences being observed. Furthermore, reports of
differences in immune status following immunization would be of more clinical use if values at various
intervals were documented.

Major surgery is known to result in transient depression of T and B cells but with complete recovery
by day 5 to 7 (Slade et al., 1975; Kehlet et al., 1977). It is difficult to separate the effect of trauma with
resultant glucocorticoid release from the effect of general anaesthesia. The early immunodepression
that follox, ed C. parvitin therapy could have resulted from a stress reaction to the pyrexia associated with
this agent. However, this depression was marked by as early as 3 hr, whilst the side effects of C. parvun
were usually absent until 5-6 hr had elapsed. Moreover, BCG administration, which was without
symptomatic side effects was also associated with an early immunodepressive trend. Direct clarification
of the role of stress would require saline administrations to a control group of untreated melanoma
patients. This might be considered unjustifiable.
The changes in lymphoid subpopulations will also be discussed in the following report describing the

cytotoxicitv data.
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