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FINAL REPORT

GRANT #:N000140610297

PRINCIPAL INVESTIGATOR: Tracy Romano

INSTITUTION: Mystic Aquarium & Institute for Exploration (MAIFE)

GRANT TITLE: Investigation of Neural-Immune Profiling, Transcriptomics

Proteomics as Clinical Tools in Assessing Navy Dolphin Health

AWARD PERIOD: 1 January 2006 - 30 June 2007

OBJECTIVE(S): The overall objective of this proposal is to evaluate
immune profiling, transcriptomics and proteomics in relation to
clinical measurements used in evaluating dolphin health. The specific
objectives for the reporting period are: 1) To continue the
development of dolphin-specific reagents including the cloning of
immune response genes, assays to quantify hormones and immune status,
and methodologies to measure gene and protein expression 2) To
examine a subset of archived dolphin samples to determine quality of
RNA and suitability for microarray analysis, proteomics and additional
immunological profiling 3) To evaluate the immune profile data
gathered and carried out so far on the archived dolphin samples in
conjunction with clinical data 4) To add additional immune profile
data, microarray and proteomic data on the subset of archived samples
and to determine correlative relationships (if any) among the immune
profile data, transcriptomics and proteomics

APPROACH: The cloning of dolphin immune response genes e.g. CD8a and
8, CD56 was carried out by extracting RNA from dolphin peripheral white
blood cells, obtaining cDNAs by reverse transcription, and using
primers that have been designed based on homologous regions of known
CD8 sequences from other species to amplify dolphin CD8 u and 8. CD8 a
and 1 were then cloned into mammalian expression vectors either as
full-length clones or as extracellular domains only. Both were then
transfected into Chinese hamster ovary (CHO) cells and selected via
drug selection. Secreted protein was then purified and quantified and
will be used in subsequent monoclonal antibody production. Anti-
peptide antibodies were generated against CD8B in collaboration with
Pfizer, Inc. Quantification of catecholamines was carried out via High
Performance Liquid Chromatography with Electrochemical Detection.
Methodologies for human and other mammal samples were compared and
optimized for measuring dolphin catecholamines. Assays for immune
function were adapted or developed specifically for dolphins. For
example, an assay from Chemicon, Inc. which utilizes BrdU, a thymidine
analog, was optimized for dolphin cells in our laboratory. Mitogen
incubation time, cell number and mitogen concentration were determined
for optimal and suboptimal dolphin lymphocyte proliferation. A subset
of archived dolphin blood cell samples (from both healthy and ill
dolphins) preserved in RNAzol was sent to MUSC for RNA extraction to

determine quality and quantity of RNA and suitability for application
to the dolphin microarray. Neural-immune data gathered thus far on
archived dolphin samples was analyzed in conjunction with clinical
information available on the same dolphin set as well as the dolphin
microarray samples sent to MUSC.
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ACCOMPLISHMENTS:
1) The development of dolphin-specific reagents including the cloning

of immune response genes, assays to quantify hormones and immune

status, and methodologies to measure gene and protein expression

a. Cloning of immune response genes The CD8a and 3 and CD56 genes

were cloned from dolphin peripheral blood lymphocytes and adrenal gland

and the sequences analyzed. Histidine tags were added to both full-

length CD8a and 1 as well as to the extracellular domains only,

utilizing PCR. Chinese hamster ovary (CHO) cells were transfected with

expression vectors containing full-length CD8a or 1 individually, or

co-transfected with both expression vectors, in order to make cell

lines expressing individual subunits or the entire CD8u,B heterodimer,

respectively. To make secreted forms of the proteins, CHO cells were

transfected with expression vectors containing truncated CD8a or 1.

All transfections resulted in selection of drug resistant cells, except

for the co-transfection with both full-length genes. CHO cells already

expressing full-length CD8u were transfected with the full-length CD88

expression vector, and resulted in cells resistant to both selection

drugs. Flow cytometry of permeabilized CHO cells co-transfected with

full-length CD8a and 1 expression vectors vs. untransfected cells,

using anti-histidine tag antibody did not reveal clear results.

However, flow cytometry utilizing the CD88 peptide antibodies that we

generated in this effort (described below), revealed increased

fluorescence (38% - 79%) when compared with untransfected cells, for

both permeabilized and unpermeabilized transfected cells, suggesting

that CD88 was being synthesized and expressed on the cell surface. CHO

cell supernatants from transfections with truncated CD8ct or 1 were
analyzed by Western blot. Results revealed a single band just under

30kDa for truncated CD88 (expected protein size 20kDa). For truncated
CD8a (expected size 25kDa), several bands were seen, but the dominant

band was 40kDa. Both molecules contain multiple glycosylation sites,
which may account for the size discrepancies. Further analyses need to

be carried out in this regard. Simultaneously, in collaboration with

Pfizer, Inc., anti-peptide antibodies have been generated to CD88.

Five of the anti-peptide antibodies to dolphin CD8 that were positive

by flow cytometry have been subcloned to the tertiary stage, grown-up

and purified.
b. Assays to quantify hormones and immune status The BrdU lymphocyte
proliferation assay has been optimized utilizing dolphin and beluga

cells. For the dolphin, incubation times tested were 72, 96 and 128

hours with 72 hours showing the optimal response. Doses of T cell
mitogen (Con A) and B cell mitogen (LPS) tested ranged from 0.05 - 5

pg/ml and 0.625 - 10 pg/ml. Peak stimulation for T cells was achieved
with 1 - 2.5 pg/ml Con A depending on the animal, while maximal

stimulation of B cells occurred between 2.5 - 5 pg/ml LPS. In

addition, a Natural Killer cell functional assay using flow cytometry

was further optimized for both dolphin and beluga. Effector cell to
target ratios ranging from 200:1 - 6.25:1 have been tested with

incubation times of 2, 4, and 6 hours. Both human (K562) and mouse

(Yac-l) cell lines have been tested as target cells and different

purification techniques tested. The optimal results were with Yac-1 as

targets, with an incubation time of 2 hours and purification with a

double density gradient. High Performance Liquid Chromatography
technology has successfully been utilized to measure dolphin

catecholamines in our laboratory. After troubleshooting, it was

determined that the newer more efficient extraction methods do not give
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the sensitivity needed to detect the low plasma catecholamine
concentrations in dolphin plasma.
c. Methodologies to measure gene and protein expression (See Report of
Greg Warr, MUSC)
2) Examination of a subset of archived dolphin samples to determine
quality of RNA and suitability for microarray analysis, proteomics and
additional immunological profiling A subset of archived dolphin frozen
buffy coats (from both healthy and ill dolphins) preserved with RNAzol
were sent to MUSC for RNA extraction to determine quality and yield of
RNA and if suitable, application to the dolphin microarray (See Report
of Greg Warr, MUSC). Cells were also thawed to determine viability for
select assays. The degree of viability varied among samples although a

subset of samples with the same approximate percentage of viable cells
was determined.
3) Evaluation of immune profile data gathered and carried out so far on

the archived dolphin samples in conjunction with clinical data The

dolphin database that we created with the results of the neural-immune
measures and clinical information has been analyzed. The criteria for
healthy dolphin vs. and ill dolphin were established in collaboration
with veterinarians from the U.S. Navy Marine Mammal Program.

Descriptive statistics were obtained for normal healthy dolphins based
on sex and older vs. younger dolphins for the following neural-immune
measures: ACTH, cortisol, aldosterone, norepinephrine, dopamine, total
lymphocytes, white blood cells, T cells, B cells, T helper cells, class
II cells. The categories evaluated for ill dolphins included
WBC>11,000, lymphocytes<10%, GGT>100, Inappetance, Medications, ESR>50,
Fe<100, Fe>400. The hormones such as ACTH showed a significant
difference between male and female dolphins. Lymphocyte subsets showed
significant differences between age groups (e.g. T, B, T helper, class
II and total lymphocytes). Ill animals showed statistically
significant increases in white blood cells, epinephrine and
norephinephrine levels, while dopamine was significantly lower in ill
dolphins.
4) Evaluation of immune profile data, microarray and proteomic data on
the subset of archived samples Neural-immune measures, clinical
information and whether the animal was considered ill or healthy was

sent to MUSC with the corresponding RNA samples that were applied to
the dolphin microarray to integrate with the microarray results (See
Report of Greg Warr, MUSC).

CONCLUSIONS: The assays that we have developed and or adapted are all

feasible assays to use to assess health given the constraints of
obtaining blood samples from cetaceans (both captive and wild). The
molecular techniques used to obtain specific immunological markers are

often difficult and tedious, but worth the focused effort in obtaining
the molecule of choice vs. more classical methodologies which do not
guarantee success in obtaining the targeted molecule. Sex and age need
to be taken into consideration when evaluating the dolphin immune
system and dolphin health since in normal healthy dolphins neural-

immune measures (T, B, T helper, class II' and total lymphocytes) were
significantly different depending on the age group, and hormones were

different for healthy males vs. females. This warrants further

investigation in more defined and specific sampling of age categories

since the samples obtained opportunistically only allowed for division
into 2 major age categories. The neural-immune measures that were

significant in ill dolphins were white blood cells, epinephrine,
norephinehrine and dopamine. These results indicate that increases in
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catcholamines may be indicators of illness in addition to white blood

cells. Further investigation of catecholamines and white blood cells

in disease processes in warranted focusing on time course of events and

specific illness and/or disease. (See Report of Greg Warr, MUSC for

conclusions of genomics and proteomics).

SIGNIFICANCE: The neural-immune tests developed and adapted for

bottlenose dolphins and analyzed with the clinical information

available, do show changes in both captive and wild animals depending

on stress (as shown in prior ONR supported studies), age and disease

state. These tests will be useful for monitoring health in both captive

and wild dolphins as well as useful in assessing efficacy of vaccines,

and the monitoring of the impact of the environment and various

stressors on dolphin health. (See Report of Greg Warr, MUSC for

significance of genomics and proteomics).

PATENT INFORMATION: No patents have been filed.

AWARD INFORMATION:

Student Travel Award for IAAAM 2007, Orlando, FL and first place for

Overall Student Presentation Award in the resident/postdoc category for

IAAAM 2007, Orlando, FL. (Brucella tests- disease and dolphins)

Student Travel Award for IAAAM 2006, Nassau, Bahamas and second place

for Overall Student Presentation Award in the resident/postdoc category

at IAAAM 2006, Nassau, Bahamas. (Brucella tests- disease and dolphins)
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