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Abstract

We measured the mRNA levels of apolipoprotein E receptor type 2 (ApoER2) and very
low-density lipoprotein receptor (VLDLR) in peripheral blood lymphocytes from 43 patients with
major depressive disorder (27 drug-free patients and 16 medicated patients) and 43 age-matched
healthy controls using a quantitative real-time RT-PCR method. The correlations between mRNA
levels of both receptors and clinical variables in patients were also examined. The expression of
ApoER2 mRNA, but not VLDLR, was significantly lower in patients as compared to controls,
irrespective of the medication status. There was no statistically significant correlation between the
reduction of ApoER2 mRNA levels and any of the clinical variables measured in patients. Results
from this preliminary study suggest that the expression of ApoER2 may serve as a trait marker for

major depressive disorder.
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Introduction

Major depressive disorder (MDD) is one of the most common psychiatric disorders
worldwide [Ebmeier et al., 2006; Ustiin et al., 2004]. Evidence implicates the involvement of
altered immune response and inflammation in the development of MDD [Irwin and Miller, 2007].
Patients with MDD have been reported to show signs of activated innate immune responses as
manifested by increased inflammatory cytokines, including tumor necrosis factor-alpha,
interleukin (IL)-1 and IL-6, in the peripheral blood and cerebrospinal fluid [Khairova et al., 2009;
Kim et al., 2007; Miiller and Ackenheil, 1998; Zorilla et al., 2001]. The potential role played by
lymphocytes in the adaptive immune response has also been implicated in MDD [Miller, 2010].
For instance, T cell responses to mitogens have been shown to be decreased in depressed
individuals [Kronfol et al., 1986; Schleifer et al., 1984], and the skin response to commonly
encountered antigens as a measure of T cell-mediated immune function is also decreased in
patients with MDD [Hickie et al., 1993]. Furthermore, the number of B cells in patients with
MDD is reported to be decreased as compared to the number in controls [Pavon et al., 2006;
Schleifer et al., 1984], although conflicting results have also been reported [Hernandez et al.,
2010; Ravindran et al., 1998; Robertson et al., 2005]. A decrease in the responsiveness, or
possibly the number, of peripheral blood lymphocytes in MDD patients is believed to be related
to increased apoptosis [Eilat et al., 1999; Szuster-Ciesielska et al., 2008], although the detailed
mechanism of this relationship remains to be elucidated.

Apolipoprotein E (ApoE) is a multifunctional component of plasma lipoproteins [Nimpf
and Schneider, 2000]. In addition to its functions in lipoprotein metabolism via the low-density
lipoprotein (LDL) receptor family, apoE is known to act as an immunomodulator. ApoE is
produced by macrophages [Basu et al., 1983; Kockx et al., 2008], which activate T cells by
antigen presentation [Mistry et al., 1995; van den Elzen et al., 2005]. ApoE has also been
implicated in the activation of natural killer T cells by acting as a molecular chaperone for
bacterial antigens, delivering them to antigen-presenting cells via LDL receptors [Allan et al.,
2009]. These findings indicate that apoE and its receptors on lymphocytes are implicated in the
adaptive immune responses via intercellular signaling systems. With regard to the LDL receptor
family that binds to apoE, apolipoprotein E receptor type 2 (ApoER2) and very low-density
lipoprotein receptor (VLDLR) are implicated in the pathophysiology of MDD. These receptors

bind to reelin, an extracellular matrix glycoprotein that plays crucial roles in brain development



as well as in synaptic plasticity in the adult brain [Herz and Chen, 2006]. Blood levels of the
180kD isoform of reelin were shown to be reduced in patients with MDD [Fatemi et al., 2001].
Considering the altered immune responses in MDD and the roles played by apoE and its
receptors in the immune system, we hypothesized that the expression of ApoER2 and VLDLR in
peripheral blood lymphocytes may be reduced in patients with MDD. To test this, we examined
the mRNA expression of ApoER2 and VLDLR in lymphocytes from patients with MDD and
matched healthy subjects by quantitative real-time RT-PCR analysis. In addition, we sought to
identify relationships between the alteration in mRNA levels of either receptor, if any, and clinical

variables in the MDD patients.

Materials and Methods
Subjects

A total of 86 subjects participated in this study. Forty-three people with MDD (mean [SD]
age 39.7 [9.1] years) according to the DSM-IV-TR criteria and 43 age- and gender-matched
healthy controls (mean [SD] age 38.8 [6.8] years) were recruited. Twenty-seven patients were
either drug-naive (n=22) or free from drug treatment for more than 2 months (n=5) at the
sampling (drug-free). Remaining 16 patients were medicated by any psychotropic drug
(medicated). The clinical symptoms of patients were evaluated using the Hamilton Rating Scale
for Depression (HAM-D) and the Brief Psychiatric Rating Scale (BPRS), whose Japanese
versions in both scores have been validated [Kitamura et al., 1987; Kitamura et al, 1985].
Lifetime doses of antidepressants, mood stabilizers and antipsychotics were calculated as
imipramine-, lithium- or chlorpromazine-equivalent doses in medicated patients. All of the
participants provided written informed consent for participation in this study. The study was

approved by the ethics committee of Hamamatsu University School of Medicine.

Measurement of ApoER2 and VLDLR mRNA

The expression of mRNA of both ApoER2 and VLDLR was evaluated by means of
quantitative real-time RT-PCR methods, the details of which have been described elsewhere
[Suzuki et al., 2008]. In brief, fasting blood samples were collected between 11:00 AM and noon

by venipuncture. Lymphocytes were isolated from blood samples by means of the Ficoll-Paque
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gradient method (purity 80%) within 2 hours after sampling. Total RNA was extracted from
lymphocytes and the final RNA preparations were resuspended in diethylpyrocarbonate-treated
water, quantified and stored at -80 °C. Complementary DNA was prepared by incubating
DNase-treated total RNA (1.0 pg) with M-MLYV reverse transcriptase (Invitrogen, Carlsbad, CA)
in the presence of random primers. Quantitative real-time RT-PCR analysis was performed using
an ABI PRISM 7700 Sequence Detector (PE Applied Biosystems, Foster City, CA). The
housekeeping gene GAPDH was used as an endogenous control. TagMan probes and primers
were constructed according to known sequences for the ApoER2 (Genbank D50678) and VLDLR
(Genbank NM_003383) genes as shown in Table 1. The primer set and probe for GAPDH were
made by PE Applied Biosystems (Table 1). The ApoER2 and VLDLR mRNA expression levels
are presented as the mRNA copy number per pg of total RNA, which was calibrated with the
level of GAPDH mRNA expression; the levels are described in the Figures as powers of 10 (e.g.,

10,000 copies are shown as 10%).

Statistical analysis

We used SPSS version 17.0 (SPSS Inc., Tokyo) for statistical analyses. All the analyses
were performed on actual data, although presentations in the figures used a log scale. We
performed the Shapiro-Wilk normality test and found that ApoER2 mRNA levels in patients did
not distribute normally. Therefore, we chose nonparametric tests as follows. For the comparison
of ApoER2 and VLDLR mRNA levels between two groups, we used the Wilcoxon signed-rank
test. For multiple comparison of ApoER2 mRNA levels in drug-free or medicated patients and
their matched controls, the Kruskal-Wallis test followed by post hoc Dunn's multiple comparison
test were used. To test relationship between mRNA levels and clinical variables, Spearman’s rank
correlation and regression analyses were carried out. A P value less than 0.05 was considered

statistically significant. The data are presented as mean = SD with range in Tables.

Results
The characteristics of all the participants are summarized in Table 2. Since the difference in
age between controls and patients with MDD was not statistically significant (Z=-1.22, P =

0.22), the age matching was considered to be successful. Out of 16 medicated patients, 13



responded to treatment and entered remission, which was reflected by the medicated patients’
lower scores on the HAM-D and BPRS compared to the drug-free patients. The expression levels
of the mRNA of ApoER2 and VLDLR in control subjects were 69779.1 £ 23414.9 and 16903.9 +
8263.9 copies/ug of total RNA (Fig. 1). The averaged expression of ApoER2 mRNA in all the
patients with MDD was 43123.2 + 27645.1 copies/ug, which was significantly lower than the
corresponding value in controls (Z=-3.83, P <0.001; Fig 1A). In contrast, the expression of
VLDLR mRNA in all the patients (15346.2 + 8479.6 copies/ug) did not differ from that in
controls (Z=-0.93, P = 0.35; Fig 1B). There was no statistically significant correlation between
ApoER2 and VLDLR mRNA expressions (» = 0.17, P =0.27). We further examined the reduction
in ApoER2 mRNA expression in patients with respect to their medication status. Kruskal-Wallis
test revealed significant differences (H = 22.25, P <0.001) among 4 groups, i.e., drug-free and
medicated patients and matched controls for each of patient subgroups. The post hoc Dunn's test
revealed significantly lower levels of ApoER2 mRNA in both drug-free (P = 0.02) and medicated
(P <0.001) patients compared to their corresponding healthy controls (Fig. 2). The difference in
ApoER2 mRNA levels between drug-free and medicated MDD patients was not statistically
significant (P = 0.12).

We then examined the correlation between ApoER2 mRNA levels and the clinical variables
in patients with MDD. There was no statistically significant correlation between ApoER2 mRNA
levels and the severity of symptoms as assessed by HAM-D (»=0.21, P =0.17) or by BPRS (r =
0.13, P =0.38). ApoER2 mRNA levels did not correlate with the duration of illness (» = 0.02, P =
0.92). There was no correlation between ApoER2 mRNA levels and either the total medicated
period (» =-0.20, P = 0.19) or the life-time dose of antidepressants (imipramine equivalent, » =
-0.05, P =0.84), mood stabilizers (lithium equivalent, » = -0.40, P = 0.12), or antipsychotics
(chlorpromazine equivalent, » = -0.38, P = 0.15) in the medicated patients. To test the relationship
between ApoER2 mRNA and clinical symptoms in patients with MDD, we further carried out
regression analyses. After controlling for the duration of illness, total medicated period, and
medication used, we confirmed that there was no significant relationship between ApoER2

mRNA levels and HAM-D (R’ = 0.21, = 0.68, P = 0.19) or BPRS (8 =-0.48, P = 0.37) scores.



Discussion

The present study demonstrated that the mRNA levels of ApoER2, but not VLDLR, in
peripheral blood lymphocytes from patients with MDD were significantly lower than those of
age- and gender-matched healthy control individuals, and that reductions in ApoER2 mRNA
levels were significant in both drug-free and medicated patients. These results suggest that the
expression of ApoER2 is altered at the transcriptional level in lymphocytes from patients with
MDD. The reduction of ApoER2 mRNA levels did not correlate with the severity of depressive
symptoms or with other clinical variables, including the duration of illness, the total medicated
period, or the medication dose. Thus, it is likely that the reduction in ApoER2 mRNA levels in
the peripheral blood lymphocytes was associated with the diagnosis of MDD. Although the
functional relevance of lower levels of ApoER2 mRNA in MDD patients compared to healthy
controls remains unclear from this preliminary study, it appears that the level of ApoER2 mRNA
in the peripheral blood lymphocytes may serve as a biological trait marker of MDD. The reason
for the distinct expression pattern between ApoER2 and VLDLR in MDD patients is unknown.
Although the two receptors are closely related to each other in function as well as in structure
[Herz and Chen, 2006], their binding properties to lipoproteins are different. ApoER?2 is capable
of binding very low-density lipoproteins that are deficient to apoE [Tacken et al., 2000], whereas
VLDLR requires apoE for lipoprotein binding [ Takahashi et al., 2004]. Such a difference between
the two receptors might be related to our observation, although further studies will be necessary.

The mechanisms by which ApoER2 expression is reduced in lymphocytes are unknown. To
the best of our knowledge, this is the first demonstration of ApoER2 expression in peripheral
blood lymphocytes from patients with MDD. One possible explanation is that the reduction in
ApoER2 mRNA expression may represent an altered function of lymphocytes in the
lipoprotein-mediated immune responses in patients with MDD. This interpretation of the results
is not in conflict with the findings of functional changes in lymphocytes, in addition to
abnormalities in the innate immune response, which were observed in both the non-medicated
and medicated patients [[rwin and Miller, 2007; Khairova et al., 2009; Kim et al., 2007; Miller,
2010; Miiller and Ackenheil, 1998; Zorilla et al., 2001]. At this time, it is unclear whether or not
the decreased transcriptional expression of ApoER2 observed here was associated with the
expression of the receptor protein. It is also unknown which populations of lymphocytes were

responsible for the reduction in ApoER2 expression in MDD patients, although T cells and



natural killer T cells are the candidates, because these cell populations are known to play a role in
apoE-mediated responses [Allan et al., 2009; Mistry et al., 1995; van den Elzen et al., 2005].
Further studies are required.

In addition to its roles in the immune system, apoE plays roles in cellular uptake of
lipoproteins, in neuronal maintenance and repair, and in regulating synaptic transmission in the
brain [Herz and Chen, 2006]. ApoE has three major isoforms encoded by three alleles (€2, €3, 4)
from two single nucleotide polymorphisms. Evidence suggests that the €4 allele is the major risk
factor for early- and late-onset Alzheimer’s disease, while the €2 allele is protective [Strittmatter
et al., 1993; Kim et al., 2009]. A recent meta-analysis of case-control studies, considering a range
of candidate MDD susceptibility genes, has shown that the APOE ¢2 allele was associated with
lower risk for MDD as compared to the €3 allele, and that the effect of €4 allele was similar to the
€3 allele [Lopez-Leon et al., 2008]. This suggests that APOE may be one of susceptibility genes
for MDD. Given that ApoER2 serves as a receptor for apoE in the brain, one might expect that
apoE could be a means by which ApoER2 mRNA expression was reduced in patients with MDD.
It is unclear from the current study whether the levels of ApoER2 mRNA in peripheral
lymphocytes reflect those in the brain. Further studies are required to test the effect of APOE
genotype on the ApoER2 mRNA levels in MDD.

There are some limitations to our study. The small sample size renders the data presented
here preliminary, and a larger study with more subjects with MDD will be necessary. Furthermore,
the lack of another psychiatric group might cast doubt as to whether or not ApoER?2 is specific to
MDD. However, in our previous study [Suzuki et al., 2008] we measured the levels of ApoER2
mRNA in lymphocytes from patients with schizophrenia by RT-PCR. Since the mRNA levels of
both ApoER2 and VLDLR in control subjects were similar between our previous and current
studies, the results of the two studies can be compared. ApoER2 levels in drug-naive patients
with schizophrenia were not significantly different from those in the controls [Suzuki et al., 2008],
supporting our hypothesis that ApoER2 may be a marker for MDD.

The need for characterizing measurable biological markers in MDD remains urgent so that
individuals at risk for the illness can be identified. Our findings suggest that peripheral ApoER2
mRNA levels may serve as a peripheral biological marker of MDD, and that the apoE-ApoER2
signaling might play a role in the pathophysiology of the disorder.
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Figure legends

Figure 1. Scatter plot of ApoER2 and VLDLR mRNA expression in all the patients with major
depressive disorder and healthy controls. (A) The levels of ApoER2 mRNA in patients were

significantly lower than those in healthy controls. (B) The levels of VLDLR mRNA in patients
were comparable to those in healthy controls. Bars represent the means. *P < 0.001 (Wilcoxon

signed-rank test).

Figure 2. Scatter plot of ApoER2 mRNA levels in drug-free or medicated patients with major
depressive disorder and in matched healthy controls. ApoER2 mRNA levels in patients were
significantly lower than corresponding values in matched controls. *P < 0.05 and **P < 0.01

(Kruskal-Wallis test followed by post hoc Dunn's multiple comparison test).
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Figure 2
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Table 1. TagMan primers and probes.

Gene Sequence
ApoER2  forward 5"TGTGAGTGCTACCCTGGCTACGA-3'
reverse 5-GCCTTGTCCATGTAGGCGCTATAG-3'
probe S'-TCACCAACCGGTACGAGGTGCGGAGG-3'
VLDLR forward 5'-CTGCAGGGACTGGAGTGATGAG-3'
reverse 5'-GCAGATTCCTGGATTTTGGCA-3'
probe 5'-CGAGTGTGACTGTGCAGCTGGGTTTGA-3'

GAPDH  forward 5’-GAAGGTGAAGGTCGGAGTC-3’
reverse 5’-GAAGATGGTGATGGGATTC-3’
probe 5’-CAAGCTTCCCGTTCTCAGCC-3’

Abbreviations: ApoER2, apolipoprotein E receptor type 2; VLDLR, very low-density

lipoprotein receptor; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Table 2. Characteristics and test scores of study participants.

Patients
Controls
total drug-free medicated
N (male/female) 43 (31/12) 43 (31/12) 27 (18/9) 16 (13/3)
Ace. vear 38.8+6.8 39.7+09.1 38.5+9.8 41.7+7.6
g8y (28-55) (26-55) (26-55) (27-55)
. . 55.0+72.1 22.7+31.0 109.4 +88.6
Duration of illness, month N/A (1-268) (1-110) (6-268)
. . 283 +54.6 30£98 709+714
Medicated period, month N/A (0-240) (0-48) (6-240)
17.3+8.3 204 +7.1 11.9+7.7
HAM-D total score N/A (0-31) (0-31) (0-26)
92+49 11.1+4.2 6.0+4.5
BPRS total score N/A (0-18) (0-18) (0-15)
o : 15.4+28.6 57+17.7 31.9+359
Lifetime dose of antidepressants, g N/A (0-113) (0-75) (5-113)
o o 7.7+29.9 0.0+0.0 20.8+47.0
Lifetime dose of mood stabilizers, g N/A (0-185) (0-0) (0-185)
o : : 0.6+3.0 0.0+0.0 1.6 +48
Lifetime dose of antipsychotics, g N/A (0-19) (0-0) (0-19)

Data are expressed as mean =+ standard deviation (SD) with range in parentheses.

Abbreviations: HAM-D, Hamilton Rating Scale for Depression; BPRS, Brief Psychiatric

Rating Scale; N/A, not applicable.
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