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In recent years photopheresis has been claimed to be an effective form of immunomodulation. It has also
been shown to have an effect on the disease process at the onset of type 1 diabetes. In a double-blind,
placebo-controlled randomized study, we analyzed if the effect of photopheresis in children with newly diag-
nosed diabetes is related to changes in the balance of lymhocyte populations. We also analyzed if lymphocyte
subsets were related to recent infection, mild or aggressive disease manifestations, heredity, or gender.
Nineteen children received active treatment with photopheresis, while 21 children received sham pheresis
(placebo group). No influence of a history of previous infection, heredity, or certain clinical parameters on
lymphocyte subsets was found. At the onset of type 1 diabetes, girls showed a higher proportion and a larger
number of T cells (CD3�) and T-helper cells (CD4�) and a higher proportion of naïve CD4�CD45RA� cells.
In the placebo group, an increase in the number of subsets with the activated phenotype in both the CD4
(CD29�) and the CD8 (CD11a�) compartments was noted during the course of the study. These changes did
not occur in the photopheresis group. No relation between lymphocyte subsets and clinical outcome was found
1 year after the treatment with photopheresis. In conclusion, we found no major effect of photopheresis on
lymphocyte populations in a group of children with newly diagnosed type 1 diabetes. However, in the placebo
group the proportions of activated CD4 and CD8 cells increased over time. Since these changes did not occur
in the actively treated group, our findings suggest that photopheresis may have some suppressive effects.

Type 1 diabetes is regarded as an autoimmune disease, with
genetic and environmental factors involved in its pathogenesis
(1, 8). Several studies have reported that physical, psycholog-
ical, or chemical stress can produce imbalances in the propor-
tions of T-cell subsets, immunoglobulin levels, and lymphocyte
reactivity (6, 25, 32). Since it became evident that type 1 dia-
betes may be caused by an autoimmune process, several types
of immune interventions have been tried, mostly with minor or
transient effects (4, 15, 19, 22, 27, 33). Photopheresis has been
claimed to be an effective form of immunomodulation (37),
and it has been used with positive results for the treatment of
several immunological diseases, such as rheumatoid arthritis
(29), systemic lupus erythematosus (21), psoriatic arthritis
(34), and cutaneous T-cell lymphoma (7). Photopheresis has
also been proposed to be effective in graft-versus-host disease
(12) and to prevent rejection in cardiac transplantation (2).

Photopheresis is an extracorporeal form of photochemo-
therapy that uses psoralen and UV type A (UVA) radiation.
However, the mechanisms of action are not fully understood,
but it is known that on activation by UVA light, 8-methoxy-
psoralen interacts with bases of DNA and binds to sites on the
cell surface and/or in the cytoplasm of the target cells (3, 26).
It is suggested that reinfused treated cells may stimulate an
autologous suppressor response toward T cells of similar
clones not reached by active photopheresis treatment (37).
Repeated photopheresis treatment may have a booster effect.

In a double-blind, placebo-controlled (placebo tablets and
sham pheresis) randomized study, we have shown that photo-
pheresis has a weak but significant effect on the disease process
at the onset of type 1 diabetes (28). The aim of the present
study was to analyze if the effect of photopheresis is related to
changes in the balance of lymphocyte populations, in particu-
lar, subsets of T cells. In addition, we examined lymphocyte
populations in samples before treatment to see if lymphocyte
subsets were related to recent infection, mild or aggressive
disease manifestations, heredity, or gender.

MATERIALS AND METHODS

Subjects. Details regarding the clinical study have recently been published
(28). In short, three pediatric departments in southeastern Sweden participated
in the study. A blood sample was taken at the time of diagnosis, before the first
insulin injection. The patients were subsequently treated with intravenous insulin
infusion until the blood glucose concentration was stable at normal concentra-
tions and the patients were free of ketonuria and had normal acid-base balances.
To be eligible for the study the patients had to be from 10 to 18 years of age. The
patients and their parents were given careful oral and written information about
the study, in compliance with the guidelines of the Research Ethics Committee
of the Faculty of Health Sciences at Linköping University. Patients who partic-
ipated in the study received traditional treatment with multiple insulin therapy,
diet, regular exercise, and self-control and were then randomly allocated either
to active treatment or to placebo treatment. The randomization code was not
broken until all patients had been monitored for at least 2 years. Only the staff
of the apheresis unit knew whether the patient was actively treated or not.

A total of 49 children with newly diagnosed (first insulin injection) diabetes
were included after informed consent was obtain from the children and their
parents. Nine children, three from the placebo group and six from the actively
treated group, withdrew from the study for various reasons after zero to five
photopheresis procedures (28). The 40 children who fulfilled the study inclusion
criteria were between 10 and 16.5 years of age at the time of diagnosis (mean age,
13.6 � 1.8 years).
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Nineteen children received active photopheresis treatment, consisting of an
oral dose of 8-methoxypsoralen and a subsequent apheresis procedure. The buffy
coat cells were then exposed to UVA light (2 J/cm2) for 90 min and returned to
the patient’s circulation. The control group (21 children) received placebo tablets
and sham treatment. The sham procedure included venipuncture and a slow
saline infusion, but the patients were not connected to the running photopheresis
machine, i.e., no blood was drawn from the patients, and thus, the sham treat-
ment by itself should not influence the blood cell activity. The apheresis proce-
dure was administrated on two consecutive days (double treatment). The aim
was for the first double treatment to be given at days 5 to 6 after diagnosis and
then repeated after 2, 4, 8, and 12 weeks so that every patient should have
received five double treatments in a 3-month period. Blood samples were drawn
before each of these treatments. In this study we analyzed blood samples taken
before treatment and after 4 weeks, 12 weeks, and approximately 1 year (Fig. 1).

In the analyses we subgrouped the children according to whether they seemed
to have a mild disease process or an aggressive disease process. Children with a
mild disease process needed the lowest doses of insulin per kilogram of body
weight during monitoring (3 years) to keep good metabolic control. Children
with an aggressive disease process needed the highest doses to keep good met-
abolic control. For instance, at 3 months after diagnosis, children in the mild
disease process group needed �0.25 E/kg of body weight/24 h, whereas children
in the aggressive disease process group needed a mean of 0.88 E/kg. We also
subgrouped the children according to aggressive onset or mild onset. Children
with aggressive onset had at least two of the following findings at onset: pH
�7.30, ��� ketonuria, and a blood glucose level of �30 mmol/liter. Children
with mild onset had none of these.

The study was approved by the Research Ethics Committee of the Faculty of
Health Sciences at Linköping University.

Flow cytometric analysis of lymphocyte populations. Peripheral venous blood
was collected in tubes containing EDTA. Fifty microliters of the blood was
incubated for 10 min at room temperature with fluorescein isothiocyanate
(FITC)- or phycoerythrin (PE)-conjugated monoclonal antibodies (MAbs) to
various lymphocyte cell surface markers (see below). After treatment with Q-
prep (Coulter Corp., Hialeah, Fla.) for hemolysis of blood cells, stabilization, and
fixation with paraformaldehyde, a two-color fluorescence analysis (Epics Profile
I; Coulter Corp.) was performed. Lymphocytes were identified by their charac-
teristic light scatter (low forward scatter and low sideways scatter). At least 5,000
cells were analyzed for each antibody combination. By using standardized vol-
umes, the absolute numbers were calculated by using a previously calibrated cell
counter instrument. MAbs against the following cell surface molecules (ex-
plained in Table 1) were used: CD19 (B4-FITC), CD3 (T3-PE and FITC), CD4
(T4-FITC), CD8 (T8-FITC), CD45RA (2H4-PE), CD29 (4B4-PE), CD11a
(S6F1-PE), HLA-DR (I3-PE), and CD3�/� (I��U 510-PE) (all MAbs were
from Coulter Corp.). An appropriate FITC- or PE-conjugated mouse isotypic
control was used for each MAb. NK cells were not included at the time of this
study. The major lymphocyte populations (B cells [CD19�], T cells [CD3�],
T-helper cells [CD4�], and T cytolytic cells [CD8�]) are presented as the total
numbers of cells and as a percentage of lymphocytes. Subsets are presented as a
percentage of their mother population (CD4�CD45RA� and CD4�CD29� as a
percentage of CD4�, CD8�CD11a� as a percentage of CD8, CD3�HLA-DR�

as a percentage of CD3�, and T cells with the �/� receptor as a percentage of
CD3�).

Antibodies to GAD. Antibodies to glutamic acid decarboxylase (GAD) were
measured as described by Grubin et al. (13). Our laboratory participated in the
second International GAD Antibodies Proficiency Test in 1996 and reached a
sensitivity and a specificity of 100% each. Validity and consistency were also
100% each.

Statistical analysis. The results were analyzed by the Mann-Whitney U test for
comparisons between groups and the Wilcoxon rank-sum test for intragroup

comparisons. Differences were considered significant at P values of �0.05. The
results are expressed as means � standard deviations.

RESULTS

Lymphocyte populations before treatment in relation to
other parameters. Samples were taken before treatment from
the whole group of children with newly diagnosed diabetes,
irrespective of further treatment. In this cohort we found no
influence of a history of previous infection, heredity, or the
occurrence of antibodies to GAD on lymphocyte subsets. Clin-
ical parameters also had no clear-cut associations with lympho-
cyte populations, with the only significant change being a
higher proportion of B cells in children with a mild disease
onset and a lower proportion in children with a more mild
disease process (Table 1). However, a difference in the distri-
bution of lymphocyte populations was found between boys and
girls (Table 1): girls showed a higher proportion and number of
T cells (CD3�) and T-helper cells (CD4�) and a higher pro-
portion of naïve CD4 cells (CD4�CD45RA�).

Longitudinal changes in lymphocyte populations during
treatment. When longitudinal changes possibly achieved by
photopheresis were considered, it is also important to consider
changes in the placebo-treated group, since these changes
should mirror the course of disease. Thus, in the placebo-
treated group we found posttreatment increases in the propor-
tions of CD4�CD29� cells and, despite a marked decrease for
sample 3, increases in the proportions of CD8�CD11a� cells
compared with the pretreatment levels (P � 0.05 and P � 0.01,
respectively) (Fig. 2). The proportion of CD3�/� cells was
increased after the last treatment compared with the levels at
diagnosis (P � 0.01) (Fig. 3). None of these changes except for
an increase in the proportion of CD8�CD11a� cells after the
first treatment compared to the pretreatment level occurred in
the group that received active treatment. The number of lym-
phocytes decreased significantly during treatment (P � 0.02) in
the group that received active treatment (Fig. 4), resulting in
decreased numbers of both B cells and T cells. However, the
distribution of these cells did not change significantly.

Comparison of lymphocyte populations between study
groups before and after treatment. Before treatment the pro-
portion of CD4� cells was lower in the group that subsequently
received active treatment (Table 2). This difference was iden-
tically preserved after five treatments, indicating that the mode
of treatment did not affect the proportion of this subset. The
other statistically significant difference between the groups was
that the proportion of T cells with �/� was higher before treat-
ment in the group randomized to the active treatment (Table

FIG. 1. Treatment protocol and sampling for lymphocyte populations. Each treatment consisted of one photopheresis procedure on two
consecutive days (double treatment).
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2 and Fig. 3). After 1 year no difference was found between
the groups, indicating indirectly that this subset was affected
by photopheresis, since this cell population did not increase
in the actively treated group as it did in the placebo group.
Although the difference was not statistically significant,
there was a trend for the CD8�CD11a� subpopulation to be
present at higher levels in the active treatment group before
treatment, while the reverse pattern was noted after the
fourth treatment (sample 4). After 1 year the number of
polymorphonuclear granulocytes was significantly lower (P
� 0.05) in the placebo-treated group than in the actively
treated group (Fig. 4).

Lymphocyte subsets in relation to response and clinical
outcome. The group of responders in the actively treated group
who were defined by their low doses of insulin during moni-
toring (Table 1, mild disease process) had a pretreatment dis-
tribution of lymphocyte populations similar to that in the
group with an aggressive disease process (data not shown).
Also, the distribution of lymphocyte populations in the group
defined to have a mild clinical onset, irrespective of the sub-
sequent treatment, did not differ in comparison with that either
in the remaining subjects (data not shown) or in the group
defined to have an aggressive disease onset (Table 1).

DISCUSSION

No major change in lymphocyte populations was found dur-
ing the course of photopheresis treatment in children with
newly diagnosed diabetes. However, in the placebo group the
proportions of activated T cells, both CD4 cells expressing
CD29 and CD8 cells expressing CD11a, increased. These
changes might reflect the natural course during the first year
after diagnosis, which is line with previous findings of major
alterations in cytokine secretion patterns during the same pe-
riod (18). A factor that could influence differences between the
groups is the occurrence of more pronounced symptoms in the
treated group (28), which, theoretically, could imply that the
groups were at different time points in the natural course of
their disease. However, the duration of symptoms before the
first sampling occasion did not differ, indicating that this was
not the case. Therefore, the placebo group displayed the nat-
ural changes that occur in type 1 diabetes. Since the changes
recorded in the placebo group did not occur in the group
receiving active treatment, this might indicate that photo-
pheresis induces some suppressive effect.

Aberrant activation of CD8 cells in patients with newly di-
agnosed insulin-dependent diabetes mellitus was reported pre-

TABLE 1. Lymphocyte populations before treatment in relation to some background parametersa

Major lymphocyte population,
ratio, or subset

Mean for the whole
study group (SD)

Value for population or subset, with comparison by:

Genderb Disease processc Onset of symptomsd

Boys Girls Mild Aggressive Mild Aggressive

Major lymphocyte populations
B cells

No. of CD19 cells/�l 382 (140) NS NS NS NS NS NS
% of lymphocytes 18 (5.7) 15.2 (3.6)e 19.3 (6.1) 12.9 (2.4)e 20.8 (5.9) 18.8 (5.3)f 11.6(2.9)

T cells
No. of CD3 cells/�l 1,491 (542) 1,819 (569)f 1,293 (425) NS NS NS NS
% of lymphocytes 68 (13) 74.1 (7.1)f 63.6 (14.2) NS NS NS NS

T-helper cells
No. of CD4 cells/�l 918 (286) 1,075 (313)f 823 (227) NS NS NS NS
% of lymphocytes 42 (6.6) 44.5 (7.7)e 40.2 (5.3) NS NS NS NS

T-cytolyic cells
No. of CD8 cells/�l 625 (244) NS NS NS NS NS NS
% of lymphocytes 27 (5.3) NS NS NS NS NS NS

CD4/CD8 ratio 1.58 (0.43) NS NS NS NS NS NS

Subsets (% of mother populationg)
CD4� CD45RA� 58 (11) 63.8 (9.4)f 54.8 (9.8) NS NS NS NS
CD4� CD29� 50 (17) NS NS NS NS NS NS
CD8� CD11a� 45 (22) NS NS NS NS NS NS
CD3� HLA-DR� 3.5 (2.6) NS NS NS NS NS NS
CD3�/� 11 (6.9) NS NS NS NS NS NS

a Mild and aggressive disease processes and onset of symptoms are described in Materials and Methods. NS, not significant.
b Fourteen girls and 25 boys were studied.
c There were 6 patients with mild disease progression and 5 patients with aggressive disease progression.
d There were 13 patients with mild onset of symptoms and 7 patients with aggressive onset of symptoms.
e P � 0.05.
f P � 0.01.
g See Materials and Methods for explanation of subset designations.
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viously (16). It has also been shown that type 1 diabetes of long
standing is associated with activation of circulating T cells (9),
corroborating our findings of increased activated T-cell phe-
notypes during the natural course of the disease, as shown in
the placebo group. Thus, an important effect of photopheresis
may be in the direction of the creation of a suppressive phe-
notype. This is in agreement with the effects on cytokine pat-
terns induced by photopheresis in children with insulin-depen-
dent diabetes mellitus (M. Faresjö et al., unpublished data),
patients with chronic graft-versus-host disease (11), and
healthy blood mononuclear cells (20).

Another change was related to the CD3�/� population,
which increased in the placebo group but not in the photo-
pheresis group. T cells with �/� can recognize nonpeptide an-
tigens and belong to the innate immune system, constituting a

link to the adaptive response. A role for T cells with �/� has
also been suggested in autoimmunity, and increased levels
were reported in patients with type 1 diabetes compared with
those in controls (14, 24). Interestingly, it has been proposed
that T cells with �/� could be induced by the delivery of exog-
enous insulin (23), which would fit well with our finding of an
increasing proportion of T cells with �/� in the control group
(those who received insulin but no photopheresis). It is there-
fore of particular interest that children treated with photo-
pheresis did not encounter any increase in this subset, suggest-
ing that this effect could be pathogenetically relevant.

In patients with cutaneous T-cell lymphoma, a certain lym-
phocyte profile was associated with a response to photophere-
sis (37), and this was also suggested in patients with psoriatic
arthritis, among whom we found that patients with high CD4/
CD8 ratios had beneficial outcomes following photopheresis
treatment (34). In the present study on type 1 diabetes, how-
ever, no such predictions could be made. Regarding the num-
ber of cells, we found that photopheresis significantly reduced
the numbers of lymphocytes, leading to lower numbers of both

FIG. 2. Proportion (mean � standard error) of lymphocyte subsets
during treatment with photopheresis or sham pheresis. (a)
CD4�CD29� cells represent an activated, memory population of T-
helper (CD4) cells. (b) CD8�CD11a� represent an activated, effective
population of T-cytotoxic (CD8) cells. These subpopulations are given
as a percentage of the mother population (CD4 and CD8, respec-
tively). �, active treatment group; �, placebo treatment group.

FIG. 3. Proportion (mean � standard error) of lymphocytes with
�/� receptor before and after treatment with photopheresis (■ ) or
sham pheresis (Œ).

FIG. 4. Number of cells per liter (mean � standard error). PMN,
polymorphonuclear granulocytes; Ly, lymphocytes; Mo, monocytes;
filled symbols, photopheresis group; open symbols, sham pheresis
group.
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T cells and B cells in the group that received active treatment.
It is unclear if this change could play a role in the immuno-
logical effects induced by photopheresis. Although the focus in
the study described in this paper was lymphocytes, we also
noted that the number of polymorphonuclear granulocytes de-
creased in the placebo group compared to the number in the
photopheresis group. The significance of this finding remains
to be clarified.

We also looked at correlations in the whole group before
treatment, i.e., a large group of children with recently onset of
type 1 diabetes. However, we found just a few associations with
clinical parameters. A history of previous infection did not
even seem to affect lymphocyte populations, possibly because
the time interval that had passed allowed the lymphocyte pop-
ulations to normalize. The major difference found was related
to gender: girls showed lower proportions of B cells and higher
proportions of T cells, in particular, CD4 cells of the naïve
phenotype. To our knowledge, this difference has not been
described previously. The reason remains unclear, although
hormonal influences might play a role.

Although some significant and relevant changes occurred in
the material evaluated in the present study, it should be kept in
mind that, on the whole, many lymphocyte populations were
not dramatically affected. This does not reflect methodological
errors, since the same methodology and the same markers
proved to be able to define suppressive lymphocyte phenotypes
during normal pregnancy (30) and in patients with Guillain-
Barré syndrome (5) and active phenotypes in patients with
recurrent spontaneous abortions (17), polyneuropathy associ-
ated with monoclonal gammopathy (35), multiple sclerosis
(36), and preeclampsia (31). Thus, the results of the present
study support the notion that the effects of photopheresis
should also be investigated by determination of functional
properties like cytokine secretion patterns (20) as well as den-
dritic cell function and dendritic cell-T cell interactions (10,
11).

In conclusion, we found no major effects of photopheresis on
the lymphocyte populations in a group of children with newly
diagnosed type 1 diabetes. However, the placebo group
showed increased proportions of activated CD4 and CD8 cells,
probably reflecting the course of disease. Since these changes

did not occur in the treated group, our findings suggest that
photopheresis may have some suppressive effects.
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subsets and mitogen stimulation of blood lymphocytes in normal pregnancy.
Am. J. Reprod. Immunol. 35:70–79.

31. Matthiesen, L., G. Berg, J. Ernerudh, and L. Håkansson. 1999. Lymphocyte
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