
Material & Methods

The study is based on 45 cases, where 
blood was drawn for the Cunningham 
Panel™ in close temporal proximity 
(within 2 months) to SPECT.  The aim 
was to group them, as much as possi-
ble, into three clinical types of disorder 
presentation: chronic, semi-chronic and 
acutely ill. For the purpose of this pilot 
poster presentation we are concentrating 
on three cases who best fit these 3 clini-
cal stages. 
The Cunningham Panel was performed 
in a CLIA/COLA accredited laboratory 
in Oklahoma City. Blood specimens for 
the Cunningham Panel were drawn in 
glass red top tubes without additives and 
centrifuged. The serum was transferred 
to transport tubes and sent by over-
night carrier on ice to Moleculera Labs 
for processing. The four enzyme-linked 
immunosorbent assays (ELISAs) were 
performed in duplicate and measured to 
obtain end-point dilution titers against 
four neuronal antigens. Assays included 
standard internal and external controls. 
The four neuronal antigens included 
Dopamine Receptor D1, Dopamine 
Receptor D2L, Lysoganglioside GM1 
and Tubulin. The fifth test, CaMKII 
(Calcium-dependent Calmodulin Protein 
Kinase II) is a cell stimulation assay 
in which the patient’s serum was incu-
bated on SK-N-SH human brain cells 
and the increase in CaMKII was mea-
sured using P32 incorporation above 

baseline. This assay is performed in trip-
licate and the results are averaged. The 
specific activity was calculated based 
upon the CaMKII activity divided by 
the protein concentration as determined 
by Coomassie Blue (Bradford) using a 
standard protein concentration curve 
and UV absorbance measured at 595nm. 
The final score is the percent of CaMKII 
activity above baseline activity. In other 
words, a CaMKII score of 145 means 
that the patient’s serum antibodies stim-
ulated the CaMKII activity 145% above 
baseline (normal) activity.
Brain SPECT: was done with a triple 
head gamma camera following IV injec-
tion of 99mTc HMPAO (Ceretec). Image 
processing was based on reconstruction, 
filtering, reorientation and attenuation 
correction, leading to the orthogonal cuts 
supplemented by a fourth axial display 
obtained along the temporal axis. The 
display uses a discrete color code of 21 
shades(1) as well as multiple thresholded 
volume displays. In addition the auto-
matic “Neurostat” algorithm(2) generated  
8 surface views, after normalization to 
the Talairach space. 
Each Brain SPECT was evaluated by two 
experienced readers and by consensus 
was assigned the pattern of predomi-
nantly underperfused (U), predominantly 
hyperperfused (H) or combination of 
both (U/H).

Introduction
We have recently increased our use 
of the Cunningham Panel for the 
evaluation of patients suspected of 
Autoimmune Encephalopathy (AE). At 
The Neuroscience Center functional 
brain evaluation with SPECT is often 
performed. We have attempted to deter-
mine the type of correlation that may be 
found, between the two evaluations. 
The Cunningham Panel™ is a blood 
test comprised of five (5) different assays. 
Four of these assays are enzyme-linked 
immunosorbent assays (ELISAs) that 
measure the circulating serum antibody 
titer levels directed against four neuronal 
antigens involved in CNS and neurologi-
cal function. These four neuronal antigens 
are Dopamine Receptor D1, Dopamine 
Receptor D2L, Lysoganglioside GM1 
and Tubulin. Each of these neuronal 
antigen targets was selected because 
of their function and correlation with 
symptoms of neuropsychiatric behav-
ior. In numerous studies, cross-reactive 
autoantibodies were identified to be 
directed against these targets in patients 
with Sydenham Chorea, a streptococcal 
induced neurological manifestation of 
rheumatic fever.  The fifth test, CaMKII 
(Calcium-dependent Calmodulin Protein 
Kinase II) is a cell stimulation assay in 

which human serum is incubated on 
human neuronal cells and the increase in 
CaMKII activity is measured. CaMKII 
is involved in the up-regulation of var-
ious neurotransmitters in the brain, 
including dopamine, epinephrine and 
norepinephrine. The Cunningham Panel 
was developed to assist clinicians in diag-
nosing treatable autoimmune neurologic 
conditions which are often misdiagnosed 
as psychiatric illnesses.
Brain SPECT functional imaging with 
99m-Tc HMPAO (Ceretec) is a non-in-
vasive Nuclear Medicine procedure that 
can detect functional changes in various 
gray matter locations. It does so by map-
ping the blood flow distribution in both 
cortical and subcortical gray matter areas 
of the brain by means of a discrete color 
table. The perfusion is in turn propor-
tional to the gray matter metabolic level. 
The results are displayed in a two-di-
mension (2D) and three-dimension (3D) 
color rendition of relative perfusion 
maps as well as in a black & white vol-
umetric rendition, with thresholds at the 
65% and 85% levels. This display com-
bination enables the detection of hypo 
or hyper functioning areas: from lowest 
levels (blue hues) to highest levels (white 
and black surrounded by white). 

Abstract
Complex Neuropsychiatric conditions with multiple comorbidities can benefit from 
new treatment approaches in addition to their medication. Among these are:

 1 Concurrent application of TMS (Transcranial Magnetic Stimulation) and  
 ketamine infusion (also known as Combination therapy TMS + ketamine)  
 2 HBOT (Hyperbaric Oxygen Therapy)
 3 PSE (perispinal etanercept  injection)

In our clinic, complex patients undergo a baseline Brain SPECT and occasionally a 
follow-up scan after treatment. We are presenting the findings for patients who under-
went such repeat scans.

The correlation between the Cunningham 
Panel’s 5 different parameters and brain 
SPECT imaging was evaluated in 47 
patients grouped as much as possible into 
3 clinical types of: chronic, semi-chronic 
and acutely ill.
Three cases best fitting these clinical 
stages are presented here.
Representative SPECT images for each 
case will be displayed, together with 
the graphic display of the Cunningham 
Panel results.

Results:  
Brain SPECT: In chronic dysfunction, 
there was extensive underperfusion. In 

acutely ill, there was diffusely marked 
and extreme hyperperfusion. In semi-
chronic, there was a mixture of both. 
Cunningham Panel: The most com-
mon abnormalities were in the values of 
Anti-Dopamine receptor D1 and of Anti-
Tubulin antibodies. 

Conclusions:  
All cases of abnormal SPECT had also 
abnormal Cunningham Panel results. 
We suggest that a clearly abnormal brain 
SPECT adds to the indications for a 
Cunningham Panel. The exact correla-
tion between image pattern, Cunningham  
Panel results and treatment response 
awaits additional study.

Case 2   clinical status: Semi-Chronic

Brain SPECT shows a mixture of local-
ized areas of marked and moderate 
hemispheric hyperperfusions in the cor-
tex and cingulate gyrus, coupled with 
localized areas of underperfusion in 
the mesial temporal lobes, orbitofrontal 
areas and in  a few cortical locations . 

In addition, there is extreme hyperper-
fusion in the putamen bilaterally. Such 
findings are compatible with a combina-
tion of mood, cognitive and behavioral 
manifestation. The overall irregular 
appearance can also be seen as a conse-
quence of chronic inflammation.

Cunningham Panel shows the typ-
ical chronic yet symptomatic patient.  
CaMKII is within normal limits sug-
gesting that the patient has shifted from 
the cytokine phase of illness to the truly 
autoimmune phase which will possibly 
require some type of immunomodula-
tory intervention. The elevation in Anti 
Tubulin antibodies indicate the likelihood 

of obsessive-compulsive symptoms and 
cognitive complaints consistent with 

‘brain fog”. Borderline Anti Dopamine 
1 antibodies suggest clinical manifes-
tations of mood dysregulation and/or 
anxiety. Integrated results score = 6.

Case 3   clinical status: Chronic

Brain SPECT shows multiple iso-
lated and extensive confluent areas of 
hemispheric underperfusion involv-
ing practically all lobes and include the 
mesial aspect of the temporal lobes, the 
orbitofrontal areas, part of the cingulate 
gyrus as well as the R striatum. There is 

slight hyperperfusion in the L putamen 
and localized areas of marked rela-
tive hyperperfusion in the cerebellum.  
Overall such findings are compatible 
with significant cognitive and behavioral 
changes.

Cunningham Panel shows elevations of 
Anit-Dopamine 1 antibodies which typi-
cally correlate with symptoms along the 
psychiatric continuum including mood 
instability (often viewed as Bipolar dis-
order), anxieties of all types, irritability, 
progression toward rage behavior, delu-
sional thinking and frank psychosis.  In 
chronically ill patients where a normal 

or nearly normal CaMKII would be 
expected, an elevation in CaMKII activ-
ity can indicate a new or reactivated 
infection and a concurrent resurgence of 
previous symptoms or new symptoms.  
In this case, both Anit-Lysoganglioside 
and Anti-Tubulin antibody levels are 
borderline but possibly contributing to 
symptomatology. Integrated score = 10.

Conclusions
All cases of abnormal brain SPECT had 
also abnormal Cunningham Panel results. 
Consequently, it is suggested that a clearly 
abnormal brain SPECT adds to the indi-
cations for a Cunningham panel. This, in 
turn, is going to provide additional data 
to inform more accurate diagnoses and 
therapeutic decision making. 
Because several of the Cunningham 
Panel target biomarkers localize to the 
Basal Ganglia, it is interesting to observe 
that in many of these SPECT scans, 
striking hyperperfusion is also observed 
in the Basal Ganglia. In practice it has 
been determined that the 5 individ-
ual tests in Cunningham Panel tend to 
correlate with specific, yet overlapping 
symptoms. The degree of elevation(s) 
does not always correlate with overall 
severity of symptoms, because antibody 
avidity and affinity may play a role in 
the individual’s symptoms severity. As 
the results of the Cunningham Panel’s 
5 parameters vary independently from 
each other, a research-use algorithm was 
developed for the Cunningham Panel to 
approximate a relative abnormality of 
the cumulative panel on a scale of 1 to 14. 

This research algorithm has been heav-
ily weighted toward the CaMKII score 
since the original intent was to deter-
mine AE as a result of a recent infection 
trigger. The CaMKII activity appears 
to correlate with the presence of active 
infections triggering particular auto-
antibodies that stimulate cell-surface 
receptors on human neuronal cells. 
Because both the SPECT and the 
Cunningham Panel independently cor-
related with symptomatic patients, we 
hypothesized that both tests display data 
associated with the effect of autoantibod-
ies directed against brain antigens. As 
most of these cases are presenting with 
heavy comorbidity and variable disease 
duration, we found that the information 
provided by the two procedures is com-
plementary and valuable in the decision 
making process leading to an efficient 
treatment. 
Given their highly nuanced appearance 
the exact correlation between image 
pattern, Cunningham Panel results and 
treatment response awaits additional 
study.

Case 1   clinical status: Acutely Ill

Brain SPECT shows diffusely marked 
and extreme areas of hyper-perfusion 
in the hemispheres  as well as in the  
cingulate gyrus There is also extreme 
hyperperfusion in the right putamen 
and marked asymmetric hyperperfu-
sion in the thalamus. In addition there is 

underperfusion in the mesial temporal 
aspect bilaterally.  Such findings indicate 
a combination of affective, cognitive and 
behavioral disorders and can, at least in 
part, represent the effect of inflammation 
as well. 

Cunningham Panel results indicate 
continued cytokine activation typically 
present at the onset and during the acute 
phase of illness.  It is likely that the 
CaMKII level was higher at the beginning 
of the illness and is on the downward trend 
toward normal levels. CaM KII enzyme 
activation promotes the release of excess 
levels of dopamine, epinephrine and 

norepinephrine neurotransmitters with 
clinical manifestations of “fight or flight” 
behavior, sensory sensitivity, mood dys-
regulation and anxiety.  Antibody levels 
for Dopamine D1 are borderline. Anti- 
Tubulin antibodies are highly elevated 
and likely reflect obsessive-compulsive 
behaviors and cognitive interference 
(brain fog).  Integrated results score = 10.
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