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Association of plasma VEGF levels and
the antidepressant effects of ketamine in
patients with depression
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Abstract

Aims: Growing evidence suggests that vascular endothelial growth factor (VEGF) may be
involved in the neuronal mechanisms underlying both depression aetiology and the response
to ketamine treatments. The aim of this study was to examine whether changes in plasma
VEGF levels are associated with the antidepressant effects of repeated ketamine infusions in

patients with depression.

Methods: Ninety-six patients with depression were enrolled and received six ketamine
infusions during a 12-day period. Depressive symptom severity and plasma VEGF levels were
measured by the Montgomery—,&sberg Depression Rating Scale (MADRS) and an enzyme-
linked immunosorbent assay (ELISA) respectively, at baseline, 13 days and 26 days.

Results: Despite a significant improvement in MADRS scores after patients received six
ketamine infusions (p <0.001), no changes in plasma VEGF levels were observed at 13 days
when compared with baseline. Moreover, no significant difference in plasma VEGF levels

at baseline and 13 days was found between ketamine responders and nonresponders. No
association was found between the antidepressant effects of repeated ketamine treatments

and plasma VEGF levels.

Conclusion: This study indicated that VEGF may not be a potential predictor of antidepressant
response to repeated intravenous administration of ketamine in patients with depression.
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Introduction

Major depression is one of the most widespread
psychiatric illnesses and is commonly correlated
with a high mortality rate, resulting in enormous
personal and socioeconomic consequences.!
Although numerous antidepressant drugs are
available for the therapy of major depression, issues
with existing antidepressant treatments include
limited efficacy and delayed onset of action.? For
example, the Sequenced Treatment Alternatives
to Relieve Depression (STAR*D) study reported
that approximately one-third of subjects suffering
from major depression failed to respond to
drug therapy and developed treatment-resistant
depression (TRD).2

As an antagonist of glutamatergic N-methyl-D-
aspartate receptors, ketamine has been approved for
clinical use in anaesthesia and analgesia for decades.?
Numerous open-label studies,*”7 randomized con-
trolled studies®!! and meta-analyses'%!> have dem-
onstrated that ketamine produces rapid antisuicidal
and antidepressant effects in subjects with TRD.
Ketamine’s antidepressant efficacy after a single
infusion are transient, lasting nearly 1week,!%1* but
this can be extended to approximately 18 days by
adding five subsequent infusions.”>!'> However, the
mechanism of the rapid antidepressant actions of
ketamine and biomarkers identifying the responding
and nonresponding subjects who receive repeated
ketamine treatments remain unknown.

2021, Vol. 11:1-7

DOI: 10.1177/
20451253211014320

© The Authorl(s), 2021.
Article reuse guidelines:
sagepub.com/journals-
permissions

Correspondence to:
Yu-Ping Ning

The Affiliated Brain
Hospital of Guangzhou
Medical University
(Guangzhou Huiai
Hospitall, Guangzhou,
China

The First School of Clinical

Medicine, Southern
Medical University,
Guangzhou, Guangdong
510370, China
ningjeny@126.com

Wei Zheng

Yan-Ling Zhou
Cheng-Yu Wang
Xiao-Feng Lan

Bin Zhang

Su-Miao Zhou

SuYan

Ming-Zhe Yang

Sha Nie

The Affiliated Brain
Hospital of Guangzhou
Medical University
(Guangzhou Huiai
Hospitall, Guangzhou,
China

journals.sagepub.com/home/tpp

@ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
@ (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tpp
mailto:ningjeny@126.com

Therapeutic Advances in Psychopharmacology 11

Vascular endothelial growth factor (VEGF) is a
multifunctional cytokine that is thought to be
involved in neuronal processes regulating growth,
survival, neuroprotection and regeneration.!%17
Several studies have found that VEGF can affect
hippocampal synaptic plasticity, including
improved cognitive function and increased neuro-
genesis, 821 and the synaptic transmission’s brain
mechanism.22 Furthermore, Heine et al.?3 reported
that chronic stress reduces cell proliferation near
the vasculature and expression of VEGF.

Both major depression and chronic stress, a pre-
cipitating factor in major depression, can decrease
VEGTF expression in the prefrontal cortex (PFC)
and hippocampus.23-25 According to Isung ez al.’s
study?® cerebrospinal fluid VEGF levels were sig-
nificantly lower in patients with suicide attempts
than in healthy controls. In contrast, treatment
with typical antidepressants, such as selective sero-
tonin-reuptake inhibitors (SSRIs), increases
expression of VEGF,27-2° and blockade of VEGF
signalling attenuates the antidepressant response
to these treatments.?” Importantly, an animal study
found neuronal VEGF-Flk-1 signalling in the
medial PFC to be associated with the antidepres-
sant actions of a single ketamine infusion.??
Nonetheless, the role of plasma levels of VEGF in
the antidepressant actions of repeated intravenous
administration of ketamine remains unclear.

Thus, the purpose of the current study was to
examine putative modulations in plasma levels of
VEGTF induced by repeated ketamine treatments
in subjects with depression and to investigate
whether VEGF can predict ketamine treatment
response.

Methods

Inclusion criteria and study procedure

Adult patients (18—65 years) with suicidal ideation
or TRD were recruited from the Affiliated Brain
Hospital of Guangzhou Medical University
between November 2016 and December 2017.
The study design and clinical findings of ketamine
as an adjunctive therapy for patients with unipolar
and bipolar depression have been described in
detail in a previous study.3° Ninety-six patients
suffered from suicidal ideation and TRD, which
were defined as a score of two or more on the first
five items of the Scale for Suicidal Ideations?! and
a poor or unsatisfactory response to at least two
adequate trials of antidepressant medications

during the current episode, respectively.3? The
enrolled participants had no positive urine toxicol-
ogy, no medical or neurological diseases (e.g.
dementia) or history of drug or alcohol abuse. All
recruited subjects suffering from unipolar and
bipolar depression received a thrice-weekly infu-
sion regimen of ketamine at a subanaesthetic dose
of 0.5mg/kg for 2weeks. All participants contin-
ued to receive the same psychotropic agents
throughout the infusion period (2 weeks). The pro-
tocol of this study was approved by the Affiliated
Brain Hospital of Guangzhou Medical University’s
Ethics Committee (Ethical Application Ref: 2016-
030). The clinical trial registration number was
ChicCTR-O0OC-17012239. Written informed
consent was provided by all subjects.

Antidepressant response

The severity of depression at baseline and 1 days
and 14days after the last ketamine infusion
(13 days and 26 days) was measured with the
Montgomery-Asberg Depression Rating Scale
(MADRS).32:33 The response was defined as a
50% or greater reduction in MADRS scores at 13
days, which has frequently been used in previous
studies.30:34

Plasma levels of VEGF

Fasting blood samples were collected from depressed
patients at baseline, 13 days and 26 days between
8:00 and 10:00 after an overnight fast and immedi-
ately stored at —80°C until analysis. In line with the
manufacturer’s instructions, plasma VEGF levels
were measured using a commercially available
enzyme-linked immunosorbent assay (ELISA) kit
(R&D Systems, Minneapolis, USA).

Statistical analysis

Comparisons of demographic and clinical varia-
bles and plasma VEGF levels between antidepres-
sant responders and nonresponders at 13 days
were analysed by using the Chi-square test or
Fisher’s exact test for categorical data, the Mann—
Whitney U test for non-normally distributed con-
tinuous data and Student’s z-tests for normally
distributed continuous data. MADRS scores and
plasma VEGF levels were compared at baseline,
13 days, and 26 days between antidepressant
responders and nonresponders using linear mixed
models. Correlation analysis was also conducted
to examine the association of plasma VEGF levels
and the antidepressant effects of six ketamine
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Table 1. Comparison of baseline sample characteristics between responders and nonresponders after six ketamine infusions.

Variables Total sample Responder Nonresponder Statistics

(n=96) (n=65) (n=31)

N (%) N (%) N (%) X2 df p
Female 51 (53.1) 35(53.8) 16 (51.6) 0.04 1 0.84
Employment 39 (40.6) 30 (46.2) 9 (29.0) 2.5 1 0.1
Married 51 (53.1) 36 (55.4) 15 (48.4) 0.4 1 0.52
TRD 78 (81.3) 53 (81.5) 25 (80.6) 0.01 1 0.92
Depression 0.06 1 0.81
Unipolar 76 (79.2) 51 (67.1) 25 (32.9)
Bipolar 20 (20.8) 14 (70.0) 6 (30.0)

Mean (SD) Mean (SD) Mean (SD) T/Z df p
Age (years) 34.4(11.6) 35.2(11.1) 33.0(12.5) 0.9 94 0.38
Education (years) 12.4(3.3) 12.8(3.2) 11.5(3.4) 1.8 94 0.07
BMI (kg/m?) 22.3(3.6) 22.5(3.5) 22.1(3.7) 0.4 94 0.68
Duration of illness (months) 101.8 (97.5) 105.9 (100.9) 93.0 (90.8) —a —a 0.48
Baseline MADRS scores 31.8(7.6) 31.8(7.6) 31.9(7.8) -0.03 94 0.97
Baseline plasma VEGF levels (ng/ml) 36.7 (72.8) 43.0 (84.6) 23.3(35.2) —a —a 0.60

Bolded values are p <0.05.
aMann-Whitney U test.

BMI, Body Mass Index; MADRS, the Montgomery-,&sberg Depression Rating Scale; SD, standard deviation; TRD, treatment-resistant depression;

VEGF, vascular endothelial growth factor.

infusions. An additional analysis focusing on
patients with TRD was conducted in this study.
SPSS version 24.0 software was used for all data
analyses in this study based on the intent-to-treat
(ITT) or modified ITT sample, with a p-value
less than 0.05 considered statistically significant.

Results

Ninety-six subjects with depression provided a
fasting blood sample at baseline to allow a meas-
urement of plasma VEGF levels in this study.
Table 1 summarizes the demographic and clinical
characteristics of the total sample participating in
the study and the responder and nonresponder
subgroups. Sixty-five (67.7%) patients with
depression had a clinical response to ketamine
following the sixth infusion. Plasma VEGF levels
at baseline and 13 days did not differ significantly
between ketamine responders and nonresponders
(Table 1 and Figure 1). Ketamine nonresponders

than responders had a significantly higher plasma
VEGTF levels at 26 days (p=0.017). The compari-
son of MADRS scores between responders and
nonresponders at the indicated times is presented
in Figure 2.

A linear mixed model was applied to compare
MADRS scores and plasma VEGF levels over
time between ketamine responders and nonre-
sponders (Table 2). MADRS scores showed a sta-
tistically significant time main effect (F=230.63,
$<<0.001), group main effect (F=56.13,p<<0.001)
and  group-by-time interaction (F=62.25,
$<0.001). Plasma VEGF levels showed a statisti-
cally significant time main effect (F=4.78,
$»=0.011) and group-by-time interaction (F=4.89,
$»=0.01) but no group main effect (F=1.58,
p»=0.211). When compared with baseline, signifi-
cantly higher plasma VEGF levels were found at
26 days but not at 13 days (Figure 1). Similar
results were observed for patients with TRD
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Figure 1. Change in plasma VEGF levels in patients with depression.
#Significant difference when comparing baseline to the indicated times (p <0.05).
*Significant difference between responders and nonresponders at the indicated times

(p<0.05).

VEGF, vascular endothelial growth factor.
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Figure 2. Change in depressive symptoms in patients with depression.
#Significant difference when comparing baseline to the indicated times (p <0.05).
*Significant difference between responders and nonresponders at the indicated times

(p<0.05).

MADRS, the Montgomery—/&sberg Depression Rating Scale.

(Supplemental Table 1, Supplemental Figures 1
and 2).

No significant association was detected between
baseline plasma VEGF levels and changes in
MADRS scores in all patients with depression (Table
3) or among only TRD patients (Supplemental
Table 2).

Discussion
This is the first study to determine whether plasma
VEGF levels are correlated with ketamine’s

antidepressant effects in Chinese patients with
depression. The main findings focusing on patients
suffering from unipolar and bipolar depression
included the following: (1) ketamine has a rapid
and robust antidepressant response, in line with
the findings of previous studies;®’ (2) plasma
VEGF levels showed no changes from baseline
after the last ketamine infusion but increased at
2weeks after the end of six ketamine infusions; and
(3) plasma VEGF levels showed no significant cor-
relation with the improvement of depressive symp-
toms, as measured by MADRS. Similar results
were also found among only TRD patients.

Numerous studies have reported that the behav-
ioural and neurogenic actions of other antidepres-
sants, including nonselective serotonin-reuptake
inhibitors and SSRIs, may result from an increase
in hippocampal VEGF expression.!%35 Similarly,
VEGTF in the rat hippocampus was strongly regu-
lated by electroconvulsive therapy (ECT).3% These
findings indicate that VEGF may be a common
downstream target of both pharmacological and
nonpharmacological antidepressant therapies.
However, our data failed to demonstrate that
plasma VEGTF levels are involved in the rapid anti-
depressant effects of ketamine in patients with
depression. Similarly, Choi ez al.?? found that in
rats, hippocampal VEGF is necessary for antide-
pressant-like behaviours but not sufficient for the
antidepressant-like effects of ketamine.

In this study, plasma VEGF levels did not increase
on the day following the last ketamine infusion
when compared with baseline but did increase at
2weeks after the end of six ketamine infusions,
despite a relevant improvement in depressive symp-
toms by the completion of six ketamine infusions.
These results indicate that increases in plasma
VEGF levels, if they truly occur secondary to
repeated ketamine infusions, are not precocious
but may require some time to occur after the last
ketamine infusion and may follow the improve-
ment of depressive symptoms. Surprisingly, in this
study increased plasma VEGF levels at 26 days
appears to be mostly driven by the nonresponder
group, but the interpretation of this phenomenon
was unclear. Early studies found that plasma VEGF
levels are reduced in untreated patients with depres-
sion and that patients with TRD have normal
VEGTF  levels after receiving antidepressants?® and
ECT,!7 indicating that pharmacological and non-
pharmacological therapy might increase plasma
VEGTF  levels. Thus, changes in plasma VEGF lev-
els may occur before starting ketamine infusion,
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Table 2. Comparison of MADRS scores and plasma VEGF levels between responders and nonresponders and
between remitters and nonremitters in patients with unipolar and bipolar depression using linear mixed model

analysis.
Variables Group-by-time interaction Time main effect Group main effect
F p F p F p
MADRS scores 62.25 <0.001 230.63 <0.001 56.13 <0.001
Plasma VEGF levels (ng/ml) 4.89 0.010 4.78 0.011 1.58 0.211

Bolded values are p<0.05.

MADRS, the Montgomery—,&sberg Depression Rating Scale; VEGF, vascular endothelial growth factor.

Table 3. Correlation of baseline plasma VEGF levels and changes in MADRS scores at 13 days or 26 days in

patients with depression.

Variables Changes in MADRS scores at Changes in MADRS scores at
13 days 26 days

Baseline plasma VEGF levels (ng/ml]  r=-0.018 r=0.004
p=0.863 p=0.969

Bolded values are p<0.05.

MADRS, the Montgomery—,&sberg Depression Rating Scale; r, Pearson coefficient of correlation; VEGF, vascular

endothelial growth factor.

secondary to the chronic use of medication.
Regardless, it has been suggested that increased
plasma VEGF concentrations may occur earlier
than improvement of depressive symptoms.

Although ketamine has novel future potential as
an effective antidepressant drug and esketamine
has been approved by the US Food and Drug
Administration for TRD,38 issues involving the
safety and toxicity of ketamine, such as adverse
cognitive effects, abuse potential and psychoto-
mimetic effects,?® might limit its widespread clini-
cal use. Identifying potential biomarkers that
predict response to repeated ketamine infusions
will be invaluable for selecting individuals who
are suitable for this therapy.?® Zhou er al %0
reported that early changes in serum kynurenic
acid levels and the kynurenic acid/kynurenine
ratio are potential predictors of antidepressant
response to six ketamine infusions. Yang ez al.%!
reported that serum levels of interleukin-6
appeared to be a predictive biomarker for the
antidepressant response of a single intravenous
administration of ketamine in subjects with TRD.
Conversely, our results show that plasma VEGF
levels at baseline were not significantly associated
with the improvement of depressive symptom fol-
lowing six ketmaine treatments.

Several limitations should be addressed. First, the
lack of a placebo may impact subjective evalua-
tion. However, the primary aim of this project
was to examine the potential gene targets of keta-
mine in treating depressed patients, and a control
group was not included in the design of this pro-
ject. Second, as a medication wash-out phase
before starting the study was not conducted, the
potential impact on plasma VEGF levels by con-
tinuingly existing psychotropic agents could not
be excluded. Therefore, the observed changes in
plasma VEGF levels might be attributed to a
combination of the regulatory effects of ketamine
and the psychotropic agents that the recruited
subjects were already taking. Nevertheless, the
psychotropic agents were not changed during the
study period, reducing the influence of changing
drug levels on plasma VEGF. Third, the sample
size was relatively small. Finally, the generaliza-
bility of the current results was limited to Chinese
patients with depression.

Conclusions

This study indicates that plasma VEGF levels are
not a potential predictor of antidepressant
response to repeated intravenous administration
of ketamine in patients with depression.
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