
Abstract. The treatment of activated autologous lymphocyte
can lead to a potent antitumor effect with destruction of
autologous cancer cells, but potential adverse autoimmune
effects due to destruction of autologous tissue must also be
considered. This study was performed to evaluate whether
administration of activated autologous lymphocytes induces
autoimmune disease. Patients with advanced cancer, who
underwent transfer therapy with activated autologous
lymphocytes, were eligible for the study. Informed consent was
obtained from 22 patients with hepatocelluler carcinoma,
ovarian cancer, gastric cancer, etc. The variation in activated
lymphocyte phenotypes was CD3+/HLA-DR+ activated T
lymphocytes, 23% to 99%; including CD4+ cells, 4% to 65%;
CD8+ cells, 10 to 91%; and CD16+/CD56+ NK cells, 1% to
59%. Of the 22 patients, levels of antinuclear antibody and/or
rheumatoid factor were above normal limits during the study
in the following 5 patients: 3 patients showed no marked
changes, one patient a slight decrease in rheumatoid factor and
one patient a slight increase in antinuclear antibody during the
course of treatment, respectively. The values for these markers
of the other 17 patients varied within normal limits during
treatment. Mild transient fever occurred in several patients as
an adverse event. There were no other adverse reactions. No
clinical symptoms or signs suggestive of autoimmune disease

occurred in any patient during or after treatment. These results
suggested that long-term administration of activated
autologous lymphocytes does not induce autoimmune disease.

In 1987, adoptive immunotherapy using lymphokine-activated

killer (LAK) cells for treatment of advanced melanoma and

renal cell carcinoma was reported by Rosenberg et al. (1).

Good therapeutic results with a response rate of 31% were

described, whereas administration of interleukin-2 (IL-2) was

associated with the occurrence of adverse reactions.

To develop large-scale cultures of lymphocytes for use in

adoptive immunotherapy with increased efficacy and a

reduced incidence of adverse reactions, Sekine et al. (2)

established a method to stimulate, activate and expand

peripheral blood lymphocytes with immobilized anti-CD3

antibody and IL-2.

Clinical results of adoptive immunotherapy, namely

transfer of immunity using activated autologous lymphocytes

cultured by the above method, have been reported in several

studies for the treatment of a variety of malignant tumors,

including hepatocellular carcinoma (3), ovarian cancer (4),

brain tumors (5), malignant melanoma of the vagina (6), and

metastatic eyelid squamous cell carcinoma and colon

adenocarcinoma (7). In infectious diseases, Azuma et al. (8)

described adoptive immunotherapy in a patient with

Wiskott-Aldrich syndrome (a congenital immunodeficiency

disorder) infected with herpes simplex virus and Epstein-

Barr virus. Morio et al. (9) also described similar treatment

for refractory viral infections associated with congenital

immunodeficiency. In addition, Shimizu et al. (10) reported

ex vivo expansion of activated lymphocytes from peripheral

blood of late-stage AIDS patients with markedly decreased

CD4+ lymphocyte counts, thus offering hope of treatment

to patients with AIDS. 
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Most of the adverse events reported after transfer therapy

with activated autologous lymphocytes have been mild febrile

reactions. No serious adverse reactions have been reported.

However, activated autologous lymphocytes produce various

factors in vivo, including interferon-gamma (INF-Á) and

tumor necrosis factor-alpha (TNF-·). These can lead to a

potent antitumor effect with destruction of autologous cancer

cells, but potential adverse autoimmune effects due to

destruction of autologous tissue must also be considered.

Therefore, the objective of this study was to evaluate

whether the administration of activated autologous

lymphocytes induces autoimmune disease. To evaluate

potential adverse autoimmune reactions, we serially

measured peripheral blood antinuclear antibody and

rheumatoid factor in cancer patients who underwent

transfer therapy with activated autologous lymphocytes.

Patients and Methods

Patients. Patients with advanced cancer who underwent transfer

therapy with activated autologous lymphocytes were eligible for the

study. Informed consent was obtained from 22 patients to

participate: 3 patients with hepatocellular carcinoma; 3 patients

with ovarian cancer; 3 patients with gastric cancer; 2 patients with

renal cell carcinoma; 2 patients with uterine cancer; 2 patients with

pancreatic cancer; 2 patients with colon cancer; and 1 patient each

with breast cancer, lung cancer, bile duct carcinoma,

nasopharyngeal carcinoma and malignant melanoma, (Table I).

Propagation and activation of autologous lymphocytes. The method

of propagation and activation of lymphocytes was reported

previously (2). Briefly, peripheral blood samples (30 ml) were

collected from each patient and peripheral blood mononuclear

cells (PBMCs) were isolated by gravity centrifugation using

Lymphosepar (MBL). The isolated PBMCs were washed and then

activated by suspension in RPMI-1640 medium (Nikken Seibutsu

Kagaku) supplemented with 10% human serum and containing 

700 U/ml of IL-2 (Chiron Inc.). The PBMC suspension was

transferred to a flask with immobilized anti-CD3 antibody (OKT-3:

Kyowa Medics) for culture. After 1 week, the lymphocyte

suspension was transferred to a gas permeable bag and the culture

was passaged to continue lymphocyte growth. About 2 weeks after

starting the culture, the lymphocytes were harvested and washed

with physiologic saline to remove any culture solution. Then the

lymphocytes were suspended in about 200 ml of physiologic saline

and placed in a transfusion bag (lymphocyte count: 5 ~ 10 x 109)

for administration. Sterility during and at the end of the culture

period was confirmed by sterility testing and endotoxin testing

(Toxicolor system, Seikagaku Kogyo). 

Transfer therapy with activated autologous lymphocytes. The

activated autologous lymphocytes, formulated as described above,

were administered by intravenous infusion. Dosing varied from

once a week to once a month, depending on the status of each

patient. 

Flow cytometric analysis of activated lymphocytes. The activated

autologous lymphocyte phenotypes, anti-CD3/anti-HLA-DR, anti-

CD4/anti-CD8 and anti-CD16/anti-CD56 (Becton-Dickinson) were

reacted at 4ÆC for 30 minutes and then analyzed by standard

methods using a flow cytometer (FACSCalibur: Becton-Dickinson).

Measurement of antinuclear antibody and rheumatoid factor in
patients' plasma. Peripheral blood samples were serially collected

from each patient before and after the start of transfer therapy with

activated autologous lymphocytes, and the plasma from each

sample was separated. Serial changes in antinuclear antibody

(ELISA: Otsuka Assay) and rheumatoid factor (latex agglutination:

Otsuka Assay) were measured. The normal range for antinuclear

antibody was an index value of ≤12, and for rheumatoid factor,

≤20 IU/ml. 

Results

Phenotypes of anti-CD3 activated lymphocytes. Figure 1 shows

the activated lymphocyte phenotype in a representative case.

The percent values in this case were CD3+/HLA-DR+, 98%;

including CD4+, 25%; CD8+, 75%; and the NK marker

CD16+/CD56+, 2%. A total of 777 cultures were performed

for the 22 patients. The variation in activated lymphocyte

phenotypes was CD3+/HLA-DR+ activated T lymphocytes,

23% to 99%; including CD4+ cells, 4% to 65%; CD8+ cells,

10 to 91%; and CD16+/CD56+ NK cells, 1% to 59%. For

each individual patient, the lymphocyte phenotype was

similar at each treatment time-point, with little difference

among each culture.

Changes in antinuclear antibody and rheumatoid factor. The

results for antinuclear antibody and rheumatoid factor in

each patient are shown in Table II. Of the 22 patients, the

levels of antinuclear antibody and/or rheumatoid factor

were above normal limits during the study in the following 5

patients (Figure 2): 

Case 1 (Patient No.10): This patient had renal cell

carcinoma with lung metastases and was treated with

activated autologous lymphocytes 51 times at approximately
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Table I. Characteristics of patients with multiple tumors.

Patients

Hepatocellular carcinoma 3

Ovarian cancer 3

Gastric cancer 3

Renal cell carcinoma 2

Uterine cancer 2

Pancreatic cancer 2

Colorectal cancer 2

Breast cancer 1

Lung cancer 1

Bile duct carcinoma 1

Nasopharyngeal carcinoma 1

Malignant melanoma 1



monthly intervals over 54 months. The baseline (before

treatment) value for plasma antinuclear antibody was

elevated at 13.7. There were no marked changes during the

course of treatment and the final (final blood collection)

value was 12.8. Rheumatoid factor remained within normal

limits from before the start of treatment (Figure 2A).

Case 2 (Patient No.14): This patient had pancreatic

cancer and was treated with activated autologous

lymphocytes 142 times at approximately weekly intervals

over 33 months. The baseline value for plasma antinuclear

antibody was elevated at 13.1. There were no marked

changes during the course of treatment, but the final

value was within normal limits at 10.2. Rheumatoid factor

remained within normal limits from before the start of

treatment (Figure 2B).

Case 3 (Patient No.15): This patient also had pancreatic

cancer and was treated with activated autologous

lymphocytes 20 times at approximately weekly intervals over

Yamaguchi et al: Administration of Activated Autologous Lymphocytes and Autoimmune Disease
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Figure 1. Phenotypic analysis of activated autologous lymphocyte. PBM
cells were cultured for 14 days as described in Patients and Methods. The
cultured cells were analyzed using a FACSCalibur flow cytometer (Becton
Dickinson).
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Table II. Rheumatoid factor and antinuclear antibody on multuple tumor patients.

Patients' Age Sex Specimens Periods Times Rheumatoid Antinuclear Ab.* 

No. (Months) factor* (IU/ml) (Index)

1 65 M Hepatocellular carcinoma 0 0 32.2 7.9 

1 4 38.4 16.1 

2 8 34.4 10.0 

3 12 28.0 19.1 

2 70 F Hepatocellular carcinoma 0 0 1.0 6.7 

3.5 10 1.0 3.8 

3 79 M Hepatocellular carcinoma 0 0 1.0 0.1 

7.5 11 1.0 0.1 

4 64 F Ovarian cancer 0 0 1.0 0.1 

8 37 1.0 0.1 

5 32 F Ovarian cancer 0 0 1.0 8.2 

2.5 6 1.0 8.9 

6 48 F Ovarian cancer 0 0 1.0 0.1 

5 21 1.0 0.1 

7 61 F Gastric cancer 0 0 1.0 9.2 

3.5 14 1.0 11.2 

8 83 M Gastric cancer 0 0 1.0 0.1 

6.5 19 1.0 0.1 

9 60 M Gastric cancer 0 0 1.0 5.3 

0.5 2 1.0 7.8 

10 61 M Renal cell carcinoma 0 0 1.0 13.7 

12 12 1.0 13.9 

24 23 1.0 14.7 

35 33 1.0 16.5 

47 45 1.0 13.5 

54 51 1.0 12.8 

11 51 F Renal cell carcinoma 0 0 1.0 2.7 

1.5 7 1.0 6.8 

12 67 F Uterine cancer 0 0 1.0 0.1 

7 13 1.0 0.1 

13 39 F Uterine cancer 0 0 1.0 0.1 

7 19 1.0 0.1 

14 58 M Pancreatic cancer 0 0 1.0 13.1 

10 50 1.0 10.6 

28 124 1.0 11.0 

33 142 1.0 10.2 

15 57 M Pancreatic cancer 0 0 174.1 29.0 

1 4 195.9 22.7 

1.5 6 156.0 16.5 

4.5 20 130.2 23.8 

16 63 F Colorectal cancer 0 0 1.0 4.9 

2.5 9 1.0 11.9 

17 45 M Colorectal cancer 0 0 1.0 8.8 

4.5 12 1.0 2.5 

18 49 F Breast cancer 0 0 1.0 6.5 

1.5 6 1.0 1.5 

19 70 F Lung cancer 0 0 1.0 0.1 

4.5 12 1.0 0.1 

20 67 F Bile duct carcinoma 0 0 1.0 0.1 

8 21 8.4 5.2 

21 46 M Nasopharyngeal carcinoma 0 0 28.0 16.5 

1 4 27.9 16.7 

2 8 28.8 13.5 

22 54 M Malignant melanoma 0 0 1.0 0.1 

4 12 1.0 0.1

*Rheumatoid factor and antinuclear antibody of normal range is 20 IU/ml and Index12, respectively.



4.5 months. The baseline values for plasma antinuclear

antibody and rheumatoid factor were both elevated at 29

and 174, respectively. There were no marked changes during

the course of treatment, and the final values were 23.8 and

130, respectively. Thus, there was a slight decrease in

rheumatoid factor (Figure 2C). 

Case 4 (Patient No.1): This patient had primary

hepatocellular carcinoma and was treated with activated

autologous lymphocytes 12 times at weekly intervals over 3

months. The baseline values for plasma antinuclear antibody

and rheumatoid factor were 7.9 and 32.2, respectively. Thus,

rheumatoid factor was elevated. The final values were 19.1

and 28.0, respectively. In this case, there was a slight increase

in antinuclear antibody (Figure 2D).

Case 5 (Patient No.14): This patient had nasopharyngeal

carcinoma with metastases to the neck and orbit. The

patient was treated with activated autologous lymphocytes

8 times at weekly intervals over 2 months. The baseline
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Figure 2. Changes of antinuclear antibody and rheumatoid factor in
patients treated with solid-phase anti-CD3 antibody and soluble IL-2
activated autologous lymphocyte intravenously as described in Table II.
Case 1 (No.10:Renal cell carcinoma): This patient was administered 51
times over 54 months. Case 2 (No.14:Pancreatic cancer): This patient was
administered 142 times approximately weekly for 33 months. Case 3
(No.15:Pancreatic cancer): This patient was administered 20 times
approximately weekly for 4.5 months. Case 4 (No. 1: Hepatocellular
carcinoma): This patient was administered 12 times a week for 3 months.
Case 5 (No.14: Nasopharyngeal cancer): This patient was administered 8
times a week for 2 months. 



values for plasma antinuclear antibody and rheumatoid

factor were both slightly elevated at 16.5 and 28.0,

respectively. There were no marked changes during the

course of treatment and the final values were 13.5 and 28.8,

respectively. (Figure 2E).

Other cases: The other patients in this study were treated

with activated autologous lymphocytes 2 to 37 times. The

values for antinuclear antibody and rheumatoid factor

varied within normal limits during treatment. 

Mild transient fever occurred in several patients as an

adverse event. There were no other adverse reactions. No

clinical symptoms or signs suggestive of autoimmune disease

occurred in any patient during or after treatment. 

Discussion

In another series of patients treated with activated

autologous lymphocytes prepared by the same method (2)

for prevention of postoperative recurrence of hepatocellular

carcinoma, Takayama et al. (3) reported adverse events that

included transient fever in 47% of patients and headache,

nausea, dizziness, dry mouth and tachycardia in 1% to 4%

of patients. All of the adverse events were mild. In other

studies of similar treatment in patients with various types of

advanced cancer (11,12), the absence of any serious adverse

reactions was also reported. Thus, several studies have

reported very few adverse events other than mild transient

fever soon after adoptive immunotherapy using similar

methods. However, these studies have primarily evaluated

acute adverse reactions (e.g., fever) rather than chronic

adverse reactions. Therefore, one must also consider the

potential for chronic adverse effects, such as autoimmune

disease due to destruction of autologous tissue. 

Autoimmune disorders occur because of a hyperimmune

response to an individual's own tissue constituents and a

breakdown in regulation of immune networks. Autoimmune

disorders are associated with increases in anti-DNA antibody,

antinuclear antibody and rheumatoid factor and can lead to

clinical manifestations, such as arthritis and nephritis. The

underlying mechanism involves: 1) an overproduction of

cytokines, such as IL-1, IL-6, IL-8, IFN-Á and TNF-·, that

activate T lymphocytes; 2) abnormal production of

autoantibodies due to polyclonal activation of B lymphocytes;

and 3) a breakdown in immunological tolerance or decrease

in cell groups regulating this function due to abnormal

activation of autoreactive T lymphocytes. 

We previously confirmed that lymphocytes activated with

anti-CD3 antibody and IL-2, like those used in this study,

produce factors with antitumor effects such as IL-2, IFN-Á

and TNF-·, as well as Th1-type cytokines with antiviral

effects (unpublished data). Based on this knowledge, we

believed that the present study was necessary to evaluate

whether long-term administration of activated lymphocytes

might cause adverse autoimmune effects due to cytokine

production and autologous tissue destruction. 

The 22 patients enrolled in this study were treated with

activated lymphocytes from 2 to 142 times over periods

ranging from 0.5 to 54 months. In patients with elevated

baseline plasma levels of antinuclear antibody, rheumatoid

factor, or both, there were no marked changes in values

during or after treatment with activated lymphocytes. In one

patient with elevated rheumatoid factor before treatment, we

observed a slight decrease in the value after long-term

administration of activated lymphocytes. Furthermore, in

patients with normal levels of antinuclear antibody and

rheumatoid factor before treatment, there was no occurrence

of elevated values after treatment with activated lymphocytes. 

In a previous study (13), lymphocytes propagated and

activated by the same method (2) used in this study showed

no marked changes in T-lymphocyte phenotype or

expression of the T-cell receptor V ‚ region before and after

culture. This implies that, during the activation process,

lymphocytes with various functions are not lost and are

activated efficiently when our culture method is applied. The

authors (14) and Fujimiya et al.(15) have purified Á‰T cells

from lymphocytes propagated and activated in the same

manner. These cells produce cytokines such as IFN-Á and

TNF-· and selectively destroy autologous tumor cells, but

without any effect on normal tissue. In addition, these effects

are synergistically enhanced by stimulation in combination

with cytokines such as IL-2 (14), IL-12 (15) and IL-15 (16).

In other words, this culture method efficiently activates not

only lymphocytes that are cytotoxic for tumor cells, but also

lymphocytes that regulate abnormal activation. 

Ernerudh et al.(17) demonstrated experimentally that

adoptive transfer of autologous attenuated autoreactive T

cells and T-regulatory cells, which produce high levels of the

potent anti-inflammatory cytokine IL-10, induced from

CD4+ cells, is useful for treatment of autoimmune

inflammatory disease. Using the present culture method,

there was no overactivation of autoreactive T cells or

lymphocytes with excess secretion of Th1-type cytokines,

such as IL-2 and IFN-Á, which activate the autoimmune

process. Thus, long-term administration of activated

autologous lymphocytes did not induce autoimmune

disease. In fact, in some patients production of antinuclear

antibody and rheumatoid factor was inhibited. In

combination with results reported by Ernerudh et al. (17),

our findings are interesting from the standpoint of the

possible development of a novel method of treatment of

autoimmune diseases. 

In conclusion, our study measured autoimmune

parameters to evaluate whether long-term administration of

activated autologous lymphocytes induced autoimmune

ANTICANCER RESEARCH 24: 2423-2430 (2004)
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disease. Our results showed no development or progression

of autoimmune disease. In fact, autoimmune reactions were

inhibited in some cases. However, further long-term studies

with additional evaluation parameters are needed. Our

findings also suggest the possibility of transfer therapy using

activated autologous lymphocytes for treatment of

autoimmune disorders. 
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