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ABSTRACT
Background  Inflammation that is mediated by microglia 
activation plays an important role in the pathogenesis of 
depression. Microglia activation can lead to an increase in 
the levels of proinflammatory cytokines, including TNF-α, 
which leads to neuronal apoptosis in the specific neural 
circuits of some brain regions, abnormal cognition and 
treatment-resistant depression (TRD). Protein kinase C 
(PKC) is a key regulator of the microglia activation process. 
We assume that the abnormality in PKC might result 
in abnormal microglia activation, neuronal apoptosis, 
significant changes in emotional and cognitive neural 
circuits, and TRD. In the current study, we plan to target 
at the PKC signal pathway to improve the TRD treatment 
outcome.
Methods and analysis  This is a 12-week, ongoing, 
randomised, placebo-controlled trial. Patients with 
TRD (N=180) were recruited from Shanghai Mental 
Health Center, Shanghai Jiao Tong University. 
Healthy control volunteers (N=60) were recruited 
by advertisement. Patients with TRD were randomly 
assigned to ‘escitalopram+golimumab (TNF-α inhibitor)’, 
‘escitalopram+calcium tablet+vitamin D (PKC activator)’ 
or ‘escitalopram+placebo’ groups. We define the primary 
outcome as changes in the 17-item Hamilton Depression 
Rating Scale (HAMD-17). The secondary outcome is 
defined as changes in anti-inflammatory effects, cognitive 
function and quality of life.
Discussion  This study might be the first randomised, 
placebo-controlled trial to target at the PKC signal pathway 
in patients with TRD. Our study might help to propose 
individualised treatment strategies for depression.
Trial registration number  The trial protocol is registered 
with ​ClinicalTrials.​gov under protocol ID 81930033 and ​
ClinicalTrials.​gov ID NCT04156425.

BACKGROUND
Background and rationale
Depression is a severe mental disease char-
acterised by significant and persistent low 
mood. Depression has a high prevalence rate, 
high recurrence rate, high disability rate, 
high suicide rate and high disease burden.1 

At present, the exact pathogenesis of depres-
sion is not well understood. Previous studies 
have shown that neurobiochemical mech-
anisms contribute to the pathogenesis of 
depression.2 However, almost 50% of patients 
with depression do not respond satisfactorily 
to the antidepressants developed primarily 
according to the aforementioned neurotrans-
mitter/receptor theory. Treatment-resistant 
depression (TRD) is defined as an insufficient 
response (response rate＜50%) to two anti-
depressants with different mechanisms when 
given for at least 6 weeks at an adequate dose. 
Although many novel treatment methods 
have appeared in the past several years,3 the 
treatment of the TRD remains one of the 
great challenges to psychiatrists.

The proinflammatory cytokines, particu-
larly tumour necrosis factor-alpha (TNF-α), 
play an important role in the therapeutic 
outcome of antidepressant treatment.4 A 
subset of patients with depression showed 
elevated plasma levels of TNF-α.5 The baseline 
levels of proinflammatory cytokines might be 
a predictive parameter for antidepressant 
treatment prognosis.4 Anti-inflammatory 
substances, such as monoclonal antibodies 
and anti-inflammatory cytokines, have poten-
tially effective antidepressant effects, as 
evidenced by their alleviation of depressive-
like behaviour in animal models and their 
antidepressant effect in clinical trials.6

Microglia are the key immune cells in the 
central nervous system (CNS). After stress, 
the resting microglia could be activated 
into two subtypes, the pro-inflammatory M1 
phenotype and the anti-inflammatory M2 
phenotype.7 M1 microglia can synthesise 
and release several proinflammatory cyto-
kines, while M2 microglia can synthesise 
and release anti-inflammatory cytokines.8 9 
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A balanced state of M1/M2 microglia is important for 
maintaining normal immunity and the physiolog-
ical state of the CNS.10 Excessive M1 microglia activa-
tion might contribute to the aetiology of depression, 
as evidenced by rodents9 in a clinical study.11 Since 
microglia and neurons can send signals to one another, 
the abnormal communication between them might 
lead to neuronal apoptosis,12 cognitive dysfunction13 
and poor treatment response.14 Protein kinases might 
play an important role in regulating microglia activa-
tion, among which PKC might be the most prominent 
player by phosphorylating the substrate protein.15 16 
The downregulation of PKC mediates the LPS-induced 
inflammatory response and the regulation towards 
M1 phenotype activation.16 Meanwhile, PKC activa-
tion induces a significant neuroprotective effect, as 
evidenced by enhanced BDNF activation, and promotes 
neurogenesis in the hippocampal dentate gyrus and 
the subventricular zone10 (figure 1). Interestingly, our 
previous research showed that the mRNA expression 
of the PKCβ1 isoform (PRCKB1) in peripheral blood 
mononuclear cells (PBMCs) is significantly downregu-
lated in depressed patients.17 Hence, our hypothesis is 
as follows: drugs that target the PKC signal pathway may 
alleviate the symptoms of depression, especially in TRD.

So far, some RCT studies that have targeted TNF-α 
antagonists (eg, infliximab) failed to show the gener-
alised efficacy in treatment-resistant depression; 
however, the results indicated improvement of depres-
sive symptoms in patients with high baseline inflamma-
tory biomarkers.6 A well-designed RCT study is needed 
to explore the therapeutic outcome in TRD, targeting 
the PKC and related immune–inflammatory signal 
pathway. We choose vitamin D as a PKC signal pathway 
activator to treat patients with TRD. That is because 

vitamin D helps the body absorb calcium. While the 
activation of PKC requires sufficient Ca2+ concentra-
tions,18 drugs that induce increased levels of calcium 
may act as activator of PKC. In the current study, we will 
carry out a randomised placebo-controlled trial to study 
the treatment outcome for vitamin D (PKC activator) 
and golimumab (TNF-α inhibitor)19 that target the PKC 
activation and its related immune–inflammatory signal 
pathway in patients with TRD (PAID study). Based on 
the current study, we hope to provide more evidence 
and shed new light on therapeutic approaches to TRD.

Objectives
Primary objective
The primary objective of this study is to investigate 
the antidepressant efficacy, measured by the 17-item 
Hamilton Depression Rating Scale (HAMD-17) score, of 
the 12-week treatment of antidepressant (escitalopram) 
plus anti-inflammatory medication (golimumab) or PKC 
activator (calcium tablet+vitamin D). We hypothesis that 
a higher efficacy and larger reduction in symptoms of 
depression will be observed after 12 weeks when treat-
ment is combined (antidepressant+anti-inflammatory or 
antidepressant+PKC activator) compared to treatment 
with an antidepressant alone.

Secondary objectives
1.	 To investigate the anti-inflammatory effects of com-

bined treatment of TRD with a PKC activator and anti-
inflammatory drugs.

2.	 To investigate the effects of a PKC activator and anti-
inflammatory drug on cognition.

3.	 To investigate the effects of a PKC activator and anti-
inflammatory drug on quality of life.

We hypothesise that combined treatment of TRD with 
a PKC activator and anti-inflammatory drug will result 
in anti-inflammatory effects, and improve the cognitive 
function and quality of life in patients with TRD.

Trial design
We adopted a randomised allocation design to test 
placebo-controlled antidepressant augmentation. TRD 
patients who had not previously received escitalopram or 
who had received escitalopram doses of less than 20 mg/d 
were randomised (1:1:1) into one of the following three 
groups: ‘escitalopram+golimumab’, ‘escitalopram+cal-
cium tablet+vitamin D’ or ‘escitalopram+placebo’. The 
total study duration is 12 weeks (figure 2).

METHODS AND DESIGN FOR THE STUDY
Setting
Treatment is given at the Shanghai Mental Health Center 
outpatient or inpatient units. Functional MRI (fMRI) 
scanning and PET scanning is performed at the Imaging 
Department at Shanghai Mental Health Center and the 
Imaging Department at Shanghai Renji Hospital.

Figure 1  Protein kinase C (PKC) signalling pathway 
during the immune–inflammatory pathogenesis of TRD. 
Resting microglia could be activated into two subtypes: 
pro-inflammatory M1 microglia and anti-inflammatory 
M2 microglia. Maintaining a balanced state for the M1/
M2 microglia is important for maintaining normal immunity 
in the CNS. Abnormal communication between microglia 
and neurons might lead to neuronal apoptosis, cognitive 
dysfunction and TRD. CNS, central nervous system; TRD, 
treatment-resistant depression.



3Guo X, et al. General Psychiatry 2021;34:e100440. doi:10.1136/gpsych-2020-100440

General Psychiatry

Eligibility criteria
Inclusion criteria for TRD
1.	 Diagnosed with major depressive disorder (MDD) ac-

cording to the Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition (DSM-5);

2.	 Insufficient response (response rate ＜50%) to two 
antidepressants with different mechanisms when given 
for at least 6 weeks at an adequate dose (eg, clomip-
ramine ≥150 mg/d, fluoxetine ≥20 mg/d) during the 
current episode;

3.	 A 17-item Hamilton Depression Rating Scale (HAMD-
17) score ≥17 no more than 7 days prior to randomisa-
tion. Cognitive factors (including a sense of guilt, sui-
cidal thoughts, agitation, depersonalisation, the disin-
tegration of reality, paranoid symptoms, and obsessive 
and compulsive symptoms) score ≥6;

4.	 Between 18 and 65 years of age;
5.	 Education: finished middle school;
6.	 Ethnicity: Han Chinese;
7.	 Adequate auditory and visual ability to complete the 

necessary checks;
8.	 Compliance with treatment in the clinical trial.

Exclusion criteria for TRD
1.	 Severe liver and kidney diseases, active endocrine dis-

eases or clinical symptoms. Severe cardiovascular dis-
ease, respiratory system disease, haematologic diseases 
and cancer;

2.	 Serious suicide attempts;
3.	 Pregnancy or lactation;

4.	 Receiving modified electroconvulsive therapy 
(MECT) in the past 1 month;

5.	 Known current psychosis as determined by the DSM-
5 or a history of a non-mood psychotic disorder;

6.	 Participation in another clinical trial concurrently or 
no more than 1 month prior to randomisation;

7.	 Previously had a severe allergic reaction or immune 
system disease;

8.	 Using an anti-inflammatory drug or immunosuppres-
sive agent;

9.	 HAMD-17 item 3 (suicide) score ≥3;
10.	 Patients who had received a sufficient dose (20 mg/d) 

and sufficient course (more than 4–6 weeks) of 
escitalopram.

Inclusion criteria for healthy controls
1.	 Healthy participants of matched age, sex and educa-

tion with the TRD group;
2.	 A willingness to adhere to all rules necessary for the 

study;
3.	 Signed informed consent.

Exclusion criteria for healthy controls
1.	 Severe physical diseases, or a history of traumatic brain 

injury;
2.	 Serious allergic diseases of the immune system;
3.	 Use of anti-inflammatory drugs or immunomodulatory 

drugs no more than 1 month prior to randomisation;
4.	 Pregnancy or lactation.

Interventions
There are three treatment types: ‘escitalopram+golim-
umab’, ‘escitalopram+calcium tablet 500 mg/d+vitamin 
D 800 IU/d’ and ‘escitalopram+placebo’. Participants 
receive their usual medical care while participating in this 
study. Antidepressants are restricted to the selective sero-
tonin reuptake inhibitor escitalopram (20 mg/d).

Participants can leave the study at any time for any of 
the following reasons:
1.	 If participants do not meet the inclusion criteria;
2.	 If participants or their guardians decide to leave the 

study;
3.	 If participants develop serious adverse events related 

to the study medication;
4.	 If participants develop a serious physical disease 

whether or not it is associated with the study medica-
tion;

5.	 If participants stop taking their trial medication for 
three consecutive days, stop effective contraception or 
become pregnant;

6.	 If participants use other treatments (including MECT);
7.	 If other conditions occur, and the investigator decides 

to terminate the study;
8.	 Defaulting.

Two independent individuals in the nursing depart-
ment count the pills and golimumab ampoules to check 
patient adherence. Collaboration with patient guardians 
also helps the patients adhere to the treatment.

Figure 2  Trial flowchart. We plan to recruit 180 patients with 
TRD and 60 healthy controls. For the patients who do not 
receive escitalopram or who received escitalopram at less 
than 20 mg/d, the patients will be randomised (1:1:1) into one 
of the following three groups: ‘escitalopram+golimumab’, 
‘escitalopram+calcium tablet 500 mg/d+vitamin D 800 IU/d’ or 
‘escitalopram+placebo’ groups. Primary and secondary study 
parameters will be accessed at baseline (week 0) and the 
12th week. CA, calcium; ESC, escitalopram; Inflix, infliximab; 
TRD, treatment-resistant depression.



4 Guo X, et al. General Psychiatry 2021;34:e100440. doi:10.1136/gpsych-2020-100440

General Psychiatry

Benzodiazepines (BZDs) are allowed as part of the treat-
ment if determined to be necessary by the treating physi-
cian. The use of BZDs is carefully recorded throughout 
the whole trial. The golimumab and calcium tablet treat-
ment is in addition to ongoing antidepressant treatment. 
During the study, it is not permitted to change the anti-
depressants or use ECT treatment (see figure 1). Golim-
umab is administered at a subcutaneous dose of 50 mg at 
the baseline and every month (baseline, 1 month and 2 
months). Calcium tablets are administered at 500 mg/d. 
Vitamin D is administered at 800 IU/d.

Outcomes
Primary outcome: The primary outcome is defined as 
changes in depressive symptoms between baseline and 
12 weeks after the treatment.

Secondary outcomes: The secondary outcome is defined 
as changes in cognitive function, local brain activity, 
biomarkers representing inflammatory mechanisms asso-
ciated with PKC activation and microglia activation.

Sample size
The sample size was calculated based on the data from 
Bekhbat et al6 and Khoraminya et al.20 In Bekhbat et al’s6 
study, the results showed that TNF-α antagonist inflix-
imab reduced depressive symptoms in patients with TRD 
with an effect size of 0.368. In Khoraminya et al’s20 study, 
the vitamin D combination therapy was superior to anti-
depressant fluoxetine alone in controlling depression 
with an effect size of 0.414. We set α at 0.05, effect size 
as 0.3, number of measurement as 2 and the power at 
0.80 in MANOVA: repeated measures, within-between 
interactions. We adopted G power software (V.3.1.9.4) 
to calculate the sample size. The result indicated that 
a minimum of 37 patients per group is needed (a total 
of 111 patients). Considering the 20% drop-out rate, 
133 patients are needed in our experiment. Finally, we 
planned to enrol 60 patients per group for a total of 180 
included patients.

Recruitment
A well-trained group is involved in the participant 
enrolment process, including one senior psychiatrist, 
two nurses, two PhD students working full-time and 10 
psychiatrists who refer patients for scientific research. We 
provide the participants and their guardians with a thor-
ough explanation to ensure that they fully understand 
the study.

The Shanghai Mental Health Center is one of the top 
two largest mental health facilities in China, with approx-
imately 600 000 outpatients every year and 1300 beds. We 
are sure to finish the study schedule using the current 
protocol.

Allocation
Participants will be randomly assigned to either control 
or experimental group with a 1:1:1 allocation as per a 
computer-generated randomisation schedule stratified 
whether they had previously received a sufficient dose 

(20 mg/d) and sufficient course (more than 4–6 weeks) 
of escitalopram.

The investigators are blinded to the treatment alloca-
tion until the data analysis is completed. A person who 
is not involved in any other part of the trial performs the 
randomisation procedure.

Two senior psychiatrists experienced with the MINI 
scale guarantee an accurate diagnosis. Moreover, we 
also checked the internal consistency for all psychi-
atrists involved in scale ratings with a kappa value of 
0.81. All patients who fulfil the inclusion criteria will be 
randomised. Randomisation will be requested by the 
psychiatrists who are responsible for recruitment and 
clinical interview. The randomisation number in an enve-
lope will be sent to the psychiatrists of the patient. The 
psychiatrists will open the envelope, find the treatment 
information and give the treatment to the patient.

Blinding
Staff responsible for the recruitment and symptom eval-
uation are blind to the information about group alloca-
tion. A staff member outside the research group will feed 
data into the computer.

Data collection methods
Primary study parameter/endpoint
HAMD-17: The primary outcome criterion is the change 
in HAMD-17 score before and after 12 weeks of the treat-
ment. A treatment response is defined as a 50% reduction 
in the HAMD-17 score at any point during the 12-week 
trial compared with the baseline.

Secondary study parameters
1.	 Mini International Neuropsychiatric Interview (MINI);
2.	 Clinical Global Impression Scale (CGIS);
3.	 Quick Inventory of Depressive Symptomatology (Self-

Reported) (QIDS-SR-16);
4.	 Sheehan Disability Scale (SDS);
5.	 Quality of Life (QOL);
6.	 Montreal Cognitive Assessment (MoCA);
7.	 WHO Disability Assessment Schedule (WHODAS-II);
8.	 Neuroimaging: Microglia activation can be accessed us-

ing PET.21 The present study aims to visualise microglia 
activation by examining translocator protein (TSPO) 
total distribution volume (VT) in PET in the prefron-
tal cortex, hippocampus, anterior cingulate cortex and 
superior parietal before and after treatment. Patients 
receive two PET scan sessions before the treatment 
starts and at week 12. Patients will also receive two fMRI 
scan sessions before the treatment starts and at week 
12. A resting state functional fMRI scan is recorded. A 
DTI scan with two fMRI tasks is performed to assess the 
connectivity changes after the treatment. MRI images 
are acquired with the corresponding PET images.

9.	 Peripheral venous blood: Biomarkers representing 
inflammatory mechanisms associated with MDD are 
assessed in the venous blood mononuclear cells. (1) 
Routine tests: The routine tests include measurements 

https://cn.bing.com/dict/search?q=%2C&FORM=BDVSP6&mkt=zh-cn
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of the white blood count, C reactive protein (CRP), 
hepatic and renal function, glucose, serum vitamin D, 
etc. (2) Specific tests: We collect the peripheral blood 
serum and store it at −80°C after centrifugation. We 
examine the PKC and other inflammatory markers in 
serum using ELISA. We also collect the whole blood, 
extract the PBMC and evaluate markers of mononucle-
ar activation using flow cytometry.

Participant timeline
All the time points for the physical examinations, scale 
assessments, medication use inventories and laboratory 
examinations are shown in table 1.

Data management
In the PAID study, all data will be entered electronically. 
All of the data management work will be done at a Core 
Coordinating Center at Shanghai Mental Health Center. 
A special database will be built to record all the data 
related to PAID study. A complete back-up of the primary 
database will be performed once a month.

A Data Monitoring Committee (DMC) has been estab-
lished. The DMC is independent of the study organisers. 
We perform an interim analysis on the primary endpoint 
when 30% and 70% of patients have been randomised 
and have completed the 12-week follow-up. The interim 
analysis is performed by an independent statistician. The 
statistician will report independently to the DMC.

Statistical methods
We summarise the numerical data in normal distributions 
by using the means and SDs. We will present the numer-
ical data in non-normal distributions with the median and 
IQR. The MANOVA test will be used to compare numer-
ical data (eg, sociodemographic data, cognitive function 
data, biomarkers representing inflammatory mechanisms 
associated with PKC activation and microglia activation 
data) among groups if data were normally distributed. 
Non-parametric tests will be used if data were not normally 
distributed. Chi-square analyses will be used to compare 
count data (eg, response rate among groups). We will 
combine intention-to-treat analysis and per-protocol anal-
ysis, using a mixed-effects model for repeated measures 
to analyse change from baseline of HAMD scores, time 
and their interaction. We will also adopt pretreatment 
values (eg, age, gender, baseline HAMD, CRP and vitamin 
D level) as covariates to correct the possible differences. 
Quadratic terms will be used if the data exhibit a unique 
convex. We set α of 0.05 as significant.

Harms
We record the possible side effects for each participant. 
Our trained team reports these data throughout the study 
using the serious adverse event reporting system.

ETHICS AND DISSEMINATION
Trained research nurses will introduce the trial and infor-
mation sheets to patients. Research nurses will get written 
consent from patients and their supervisors. All informa-
tion sheets and consent forms have been translated into 
Chinese and English. There are separate information 
sheets and consent forms for the depression and healthy 
control group.

Additional serum and plasma samples will be obtained 
to be stored for future use. An informed consent will be 
obtained to specifically address the collection of these 
samples.

All study-related information will be stored at the study 
site. All participant information will be stored in locked 
file cabinets in areas with limited access. All laboratory 
specimens and data reports will be accessed by a coded ID 
number. All records that contain names or other personal 
identifiers will be stored separately from study records. 
All local databases will be accessed by password.

Principal investigators will be given access to the cleaned 
data sets. All data will be password protected. To ensure 
confidentiality, project team members will be blinded to 
the data.

Shanghai Jiao Tong University has the insurance to 
cover all non-negligent harm associated with the protocol. 
Incidences from negligence (eg, major protocol viola-
tions) will not be covered by study insurance.

The principal investigator (PI) will review all publica-
tions. The PI will be considered for lead author derived 
from this study. No later than 5 years after the ending of 

Table 1  Data collection methods and clinical assessment 
time points

Scale 1 MINI

Psychiatric structured 
diagnostic interview 
instrument

Scale 2 HAMD-17 Self-rating scale for 
depressive symptoms

CGIS To access severity of disease

QIDS-SR-16 Self-reported inventory for 
depressive symptoms

SDS To access functioning

QOL To access functioning

MoCA To access cognition

WHODAS-II To access functioning

Scale 
assessments Neuroimaging

Biomarkers in 
peripheral venous 
blood

Baseline Scale 1, Scale 
2

√ √

Week 12 Scale 2 √ √

CGIS, Clinical Global Impression Scale; HAMD-17, 17-item 
Hamilton Depression Rating Scale; MINI, Mini International 
Neuropsychiatric Interview; MoCA, Montreal Cognitive 
Assessment; QIDS-SR-16, Quick Inventory of Depressive 
Symptomatology (Self-Reported); QOL, Quality of Life; SDS, 
Sheehan Disability Scale; WHO-DAS II, WHO Disability 
Assessment Schedule.
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recruitment, we will deliver the whole deidentified data 
set to an appropriate data archive.

Any modifications to the protocol will require a formal 
amendment to the protocol.

DISCUSSION
Our project is the first randomised placebo-controlled trial 
to study the treatment outcome for TRD targeting the PKC 
and its related immune–inflammatory signal pathway.

The regulatory domain of the PKC acts as a Ca2+ sensor 
that requires sufficient Ca2+ concentrations.18 Drugs that 
induce an increased level of calcium might act as an activator 
of PKC. Since vitamin D is crucial in the calcium absorp-
tion process, we adopt the calcium tablet add on vitamin D 
therapy. Other studies also suggest that supplementation of 
sufficient (1000 mg) elemental calcium alone did not show 
antidepressant effects in patients with depression22, while 
patients who received 500 mg of calcium daily plus vitamin 
D (20 000 IU or 40 000 IU/week) experienced antidepres-
sant effects.23 Vitamin D showed potential antidepressant 
effects and alleviated inflammation, as suggested in periph-
eral blood markers.23 Vitamin D supplementation could 
also downregulate the gene expression of the inflammatory 
cytokines TGF-β and nuclear factor kappa B (NF-κB) and 
regulate the gene expression of PKC in PBMC, as evidenced 
by a randomised double-blind placebo-controlled trial.24 
Thus, based on the vitamin D and calcium tablet evidence 
and previous research, we planned to give our patients 
vitamin D at 800 IU daily plus calcium at 500 mg/d as an 
add-on with escitalopram in our study.

We hypothesised that PKC activation might reduce M1 
microglia activation and release proinflammatory cyto-
kines such as TNF-α, finally alleviating depressive symp-
toms in TRD. As such, we speculate that TNF-α blocker 
will have a potential antidepressant effect. Many studies 
have been published about the antidepressant effect 
of TNF-α infliximab.6 25 Infliximab is a type of human–
mouse monoclonal antibody26 and its method of delivery 
is via intravenous injection. In the current study, we chose 
another TNF-α blocker, golimumab, a human mono-
clonal antibody,27 since it can be delivered subcutaneously 
even at home.27 Hopefully, golimumab might improve 
safety and patient adherence compared with infliximab 
in patients with TRD.

In our study, in accordance with the current clin-
ical perspective, research on cadavers and using a 
chronic mild stress (CMS) animal model of depression 
is performed concurrently to explore the upper and 
downstream of PKC signal pathway. Current evidence 
suggests that PKC might be regulated by the activa-
tion of chemokine-like receptors, including CX3CL1/
CX3CR1, which might also contribute to the microglial 
activation and pathogenesis of depression.28 When PKC 
is activated, it can regulate microglial polarisation via a 
downstream signalling pathway. Evidence has suggested 
that microglial polarisation to the M2 phenotype and 
a reduction in oxidative stress are mediated through 

AMP-activated protein kinase (AMPK), mammalian 
target of rapamycin (mTORC) and nuclear factor 
erythroid 2-related factor 2 (Nrf2) activation.29 In our 
project, we will evaluate the upper and downstream of 
signalling pathways of PKC using single cell sequencing, 
qPCR, ELISA, western blotting and CRISPR genomic 
editing method in cadavers and the CMS animal model 
of depression.

There are some limitations of this design. First, we 
chose to administer calcium tablet 500mg/d and Vitamin 
D 800IU/d add on escitalopram. We chose the above 
doses based on the results of earlier studies and drug 
instructions30, but a higher dose might be more effective. 
Second, we did not balance the sample size in terms of 
male and female participants and the inflammation levels 
across groups. However, we plan to adopt the pretreat-
ment values (of CRP and Vitamin D) as covariates to 
correct the possible differences in baseline values during 
the data analysis process. Based on the current study, we 
hope to clarify the PKC-mediated microglial polarization 
pathway in the pathogenesis of depression and develop 
new strategies for treating TRD.
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