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1. Demographic data and clinical characteristics of the study groups
Demographic and clinical characteristics of the AUD and healthy control groups

are shown in Table 1. There was no significant difference in mean age and BMI
between patients with AUD and controls (p > 0.05). Likewise, there were no
significant differences in age or BMI in a three-way comparison among healthy
controls, AUD-NP, and AUD-P groups (p = 0.143 for age; p = 0.795 for BMI).
Patients with AUD also had significantly lower education attainment (years) than
controls (9.73 £ 2.92 versus 14.54 £ 2.74, p < 0.001), consistent with epidemiological
features of patients with AUD. Furthermore, there were no significant differences in
the age, BMI, education level, age at onset, duration of AUD, or severity of
dependence scale (SDS) (Gossop et al., 1995) between the AUD-NP and AUD-P
groups. Among the patients with AUD, there were no significant associations
between cytokine expression levels and clinical parameters such as age, BMI, age of
onset, duration of AUD, or severity of dependence scale (p > 0.05 for all cytokines,
as shown in Table 2). Furthermore, IL-8 was positively correlated with psychotic
symptoms severity (p = 0.03) in AUD-P group, but the correlation became
insignificant after Bonferroni correction (p = 0.005 was considered as significant,

Table 2).



2. Comparison of plasma inflammatory cytokines between the AUD and
control groups

Plasma cytokine levels in the AUD and healthy control groups are shown in Table
3. After controlling for age and BMI, the total AUD group had elevated levels of
Thl-related cytokines and Th2-related cytokines. Similar cytokine level changes
were also noted in the AUD-NP and AUD-P subgroups (Table 3 and Fig 1-3).
Moreover, in comparison to the AUD-NP subgroup, the AUD-P subgroup had lower
levels of IL-1p (p = 0.003), IL-4 (p = 0.040), IL-6 (p =0.013), IL-8 (p =0.021), and

IFN-y(p = 0.003).

3. Difference in Th2/Th1l cytokine ratios between the AUD and control groups

We further analyzed Th2/Th1 cytokine ratios after controlling for age and BMI.
Table 4 reveals the changes in the ratios of Thl and Th2 cytokine levels among
patients with AUD and controls. In comparison to the control group, the total AUD
cohort had significantly lower Th2/Th1 ratios of IL-4/IFN-y(p = 0.02), IL-4/TNF-
a(p = 0.001), and IL-5/IFN-y(p = 0.011) but significantly higher Th2/Th1 ratios of
IL-5/1L-2 (p < 0.001), IL-5/ TNF-o(p = 0.006), IL-6/IL-2 (p < 0.001), IL-10/IL-2 (p
< 0.001), IL-10/ TNF-a(p = 0.002), and IL-10/IFN-y(p = 0.005). AUD subgroups
also had similar cytokines expression patterns in addition to only a decreasing trend
in the ratio of IL-4/IFN-yand IL-5/IFN-y. However, the ratios of IL-4/IFN-y(p =
0.049), IL-5/IFN-y(p = 0.010) and IL-6/IFN-y(p = 0.004) were significantly higher
in the AUD-P subgroup compared to the AUD-NP subgroup.
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This study aimed to examine the immune-cytokine effect of amphetamine by simultaneous
analysis of 10 cytokines, providing an extended scope with which to elucidate the target
cytokines of amphetamine. The first major finding of this study was that chronic exposure to
amphetamine had a significant stimulating effect on several peripheral cytokine levels. Out of
the entire AUD cohort, when compared to healthy controls, the pro-inflammatory cytokines
showing elevated levels were IL-6, IFN-y,TNF-a, and GM-CSF, while the only anti-
inflammatory cytokines showing elevated levels was IL-5 and IL-10 in the view of innate
immunity. A similar cytokine pattern, along with a significantly increased level of IL-1pand IL-
4 was also observed in the AUD-NP patients. Findings from our study revealed greater elevated
levels across all the studied pro- and anti-inflammatory cytokines in the AUD cohort when
compared to healthy controls. To our knowledge, this is the first demonstration of a generalized
peripheral inflammatory state with compensatory anti-inflammatory activation in AUD.
However, further studies are needed to determine the cellular source of the pro- and anti-

inflammatory cytokines and the underlying mechanisms that drive these changes.

The second major finding of this study was that subgroup analysis revealed a significant down-
regulated plasma level of IFN-y, IL-1p, IL-4, IL-6, and IL-8 in the AUD-P subgroup compared
with the AUD-NP subgroup. Two possible hypotheses to explain the distinct difference in
immune profiles when being compared between the two subgroups, with regard to the role of
dopamine (DA) in the immune system, are discussed as follows. (A) DA regulates T cells
directly; amphetamine acts to increase the release of and sustain extracellular concentrations of
neurotransmitters including dopamine (DA) (Sulzer, Sonders, Poulsen, & Galli, 2005). DA is an

important regulator linking the nervous and immune systems (Basu & Dasgupta, 2000). Sarkar,
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Basu, Chakroborty, Dasgupta, and Basu (2010), in their review of focusing on DA mediated
regulation of T cell functions, indicated the unique interactions between DA and T cells, where
DA activates naive or resting T cells, but inhibits activated T cells. For example, DA is reported
to induce cytokine secretion in resting T cells (Besser, Ganor, & Levite, 2005). Stimulation of
DA D2 and D1/D5 receptors induces IL-10 secretion, while stimulation of DA D3 and D1/D5
receptors increases the secretion of TNF-a(Besser et al., 2005). In contrast to activating resting
T cells, stimulation of DA D2/D3 receptors in activated T cells has also been shown to inhibit
secretion of IL-2, IFN-y, and IL-4 (M. C. Ghosh et al., 2003). In line with this evidence, our
result, which show increased levels of IL-10 and TNF-ain both the entire AUD cohort and the
AUD-NP subgroup, may indicate the immune state as being the a result of DA activating the
resting T cells. On the other hand, the AUD-P subgroup had a lower level of IFN-yand IL-4 than
the AUD-NP subgroup, which suggests that hyperactive DA transmission was involved in the
pathology of psychosis (Meltzer & Stahl, 1976), and may further inhibit activated T cells. The
latter model may be also supported by the finding that patients with schizophrenia show
increased amphetamine-induced synaptic DA concentration in the mesolimbic areas (Breier et
al., 1997). In addition, changes in the status of DA concentrations and/or receptors, particularly
in the T cells are associated with dysregulated immune functions in patients with schizophrenia
(Boneberg et al., 2006; llani, Strous, & Fuchs, 2004). Taken together, these findings suggest that
the DA-mediated changes in the immune system are also linked to the etiology of amphetamine-
induced psychosis. (B) Neurotransmitters regulate peripheral cytokines through "cortisol” levels;
central DA neurotransmission plays a key role in the pathogenesis of schizophrenia (Howes &
Kapur, 2009). Moreover, DA promotes the secretion of corticotrophin-releasing hormone (CRH)
in the hypothalamus (Calogero, Gallucci, Chrousos, & Gold, 1988), resulting in downstream
secretion of cortisol. Higher cortisol levels provide negative feedback to the peripheral immune
system to suppress the production of pro-inflammatory cytokines (Watkins, Nguyen, Lee, &

Maier, 1999), and may also play an important role in causing a shift from cellular (Thl) to
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humoral (Th2) immune responses (Elenkov,
2004). Taken together, this evidence
supports our finding that decreased plasma
levels of pro-inflammatory cytokines (IL-1p,
IL-6, and IFN-y; Table 3) and higher
Th2/Thl ratio (IL-4/IFN-y, p=0.049; IL-
5/IFN-y, p=0.026; IL-6/IFN-y, p=0.003;
Table 4) in the AUD-P group, when
compared to the AUD-NP group, indicates
that excessive brain DA levels in patients
with  psychosis, which  subsequently
activates the hypothalamic—pituitary—adrenal
(HPA) axis to regulate peripheral cytokine
levels through cortisol levels.

Our study supports preliminary evidence of
both activated innate and adaptive immune
systemsin patients with AUD. Moreover, the
distinct cytokine profiles between AUD-P
and AUD-NP subgroups suggest the
existence of an immunological phenotype
associated with drug-related psychosis
during early abstinence in AUD. Replication
of our results is warranted to verify these
findings, and further longitudinal studies are
required to measure the alteration in
cytokines levels in AUD subjects with a

long period of drug abstinence.
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This study was originally applied for as a
three-year research proposal to analyze risk
factors of Amphetamine use disorder (AUD)
such as biological factors, immune system,
personality traits, quality of life, and
environment with additional identification
made between differences in gender and sexual
orientation. However, the initial proposal was
only approved for one year and thus both the
study funds and number of participants were
insufficient. Therefore, only the preliminary
data analysis could be completed. Efforts will
be maintained in order to continue the research

study forthe upcoming year.



