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ABSTRACT

Small ruminants, like goats, would make excellemitmal models for not only infectious diseases irgda
ruminants but also analogous diseases in humagts asuhuman tuberculosis, Crohn’s disease, metisidomd
brucellosis. The main disadvantage for the smalimant model is the lack of sufficient baselineadah normal,
healthy goat kids. Furthermore, most reagentsb@dits and the like) were not developed for goatheep. It
is important to demonstrate that available res@yrespecially from the bovine system, cross-reditt tlie
caprine and/or ovine system. Finally, potentiaélrdifferences have to be evaluated before gatemp studies
are compared. In this study, leukocyte cell poporiat were defined in twenty-six dairy goat kids i@
cytometry. We report no significant differencesvimn three breeds of dairy goat kids and demoedtnat
effective use of various antibodies for caprine immcell markers. No breed-specific differencesvaatected
for any leukocyte cell population or for markeredfic for various antigen-presenting cells or T pepulations.
Interestingly, however, statistical significantfdiEnces were found for leukocyte cell populatitorsthe two
different time points two weeks apart presentaiigistudy.

Keywords: Goat, Peripheral Blood Leukocytes, Cell Surfacekdg Flow Cytometry

1. INTRODUCTION animal models more applicable to zoonotic and ahima
diseases (Kahn, 2012). The mouse model has distinct
Animal models are key elements in evaluating advantages over other animal models (financial
pathogenicity and virulence of various bacteriall an restrictions, availability of various reagents, sgace of
viral agents (Horvat, 2009; Roaisal., 2012; Hibiyaet al., various mouse strains), but, in the case of infeti
2011; Munsonet al., 2012; McConnellet al., 2013; diseases, often lacks correlation to the origirestiand
Uzal and McClane, 2012). While the mouse model is aits immune responses. This correlation is even more
sufficient animal model for most human infectioisedses  important for chronic and recurrent infectious dises
(Yi and Li, 2012; Hviidet al., 2010; Williamset al., 2009; present in humans and animals such as tuberculosis,
Drescher and Sosnowska, 2008; Groschup andmelioidosis and brucellosis (Padilla-Carkh al., 2008;
Buschmann, 2008; Zhang and Moss, 2012; &hdl., Dharmadhikari and Nardell, 2008; Kahl-McDonaglal.,
2011), increasing attempts are being made to use€006; Soffleret al., 2012).
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Considering the amount of financial, space and Anglo-Nubians, one LaMancha and one Toggenburg.
material resources expended on large animals (bprse The LaMancha and Toggenburg were not considered in
cattle), goats serve as excellent animal models forthe comparative analyses because there is onlggesi
infectious diseases found in ruminants and humansgoat for those breeds; however, data obtainechfotwo
Over the last decade many reagents were developednimals will still be presented. The fourteen Aksn
for use in ruminants. Although they were designed were further divided into the following sub-breeds:
primarily for use in cattle, most of them exhibibss- Alpine-Chamoise (seven goats), Alpine-Cou Blanai(fo
reactivity with closely related ruminants, such as goats), Alpine-Sundgau (two goats) and Alpine Broke
sheep and goat (Mosaatlal., 2006). (one goat). The three Saanens were identified as tw

Unlike with mouse strains, individual goats do not Saanen-mix and one Saanen-Sable. The Anglo-Nubian
always react in a manner similar to each other.breed was not further divided.

Furthermore, goats were bred for different purposesh . .

as fiber, meagt and dairy. Many differentpbrr;edsstexi 2.2.Blood Draw and White Blood Cell Prepar ation
within these groups and it is not known yet howirthe Two blood draws were performed due to the young
immune system is organized and might react to icerta age of the goat kids and the amount of blood neé¢aled
pathogens. It is also not known if data from vasigoat  perform all  anticipated cell —marker-staining
breeds can easily be compared or if their healtimine  experiments. The first blood draw was performedggt
systems fundamentally differ. Although many studies 3.5 weeks, while the second blood draw was perfdrme
focus on the immune system of goats, only a coople at age 5.5 weeks. For each blood draw four maliit
publications studied the cellular immune systengamat of blood were obtained aseptically from the jugular
kids a few weeks old. Neither publication focused o0 vein into an EDTA solution for immediate analyses.
potential breed differences but instead detailedv ne Each sample was transferred to a separate 50 mL
techniques to characterize various cell populatid¥gh polypropylene conical tube. Samples were treatat wi
the trend of using small ruminants as key animatief®  Gey’s solution (155mM NH4CI, 1mM KHCto lyse

for ruminant infectious diseases, it is importantliscover  the red blood cells. A volume of Gey’s solution atju
and evaluate any potential breed differences twafbr  to that of the blood was addedto each sample. After
better breed selection for animal studies and caswa  five minutes incubation, Phosphate Buffered Saline
of various studies and their conclusions usingeddfit ~ (PBS) was added in equal volume to Gey’s solution.
breeds. Recently, flow cytometry has played a gigon White blood cells were pelleted via centrifugatiom

role in describing various cell populations of aaisnin 5 min at 2599 at 4°C. The supernatant was discarded
models other than the mouse model. and pellets washed twice in 10 mL PBS each,

Here, we provide the flow cytometry baseline result centrifuging and discarding the supernatant of each
on dairy goat kids for various leukocyte cell pagidns  wash. After the second wash, clean pellets were
as well as baseline data on several T cell pojuiatand  resuspended in complemented RPMI media (RPMI

antigen-presenting cell markers. media, 8.7% of Fetal Bovine Serum, 1M HEPES
Buffer, 50x MEM without L-glutamine, 100mM
2. MATERIALSAND METHODS Sodium Pyruvate, 200 mM L-glutamine solution,

) Penicillin (10,000 units mT)/Streptomycin (10,000
2.1. Animals ug mL™Y) solution) (cRPMI). Pellets containing a

Twenty-six goat kids aged two to five days were Visible red blood cell layer were treated with an
purchased from CCl/Juniper Valley Products (Canonadditional 5 mL Gey’s solution for 1-2 min before
City, Colorado) and transferred the same day to ouradding 10 mL PBS. Pellets were reformed via
campus. The goat kids were housed on Colorado Statéentrifugation under the aforementioned conditions
University Foothills Campus in accordance with CSU and then resuspended in cRPMI media.
ﬁmmal e_th|cs regulations (#1_1-3120A). All goatsreve 23 Antibodiesfor Cell Markers

oused in the same barn until the age of seven sveek
Goats were fully milk fed (three times a day) withole Conjugated antibodies for flow cytometry cell
cow milk purchased from Walmart. The goats were les surface marker staining were used for the following
than 6 weeks old at the time of the blood drawbBsed,  cell markers: CD1, CD4, CD8, CD335, MHC class I,
there were fourteen Alpines, three Saanens, seveWVC1l and CD14Tablel).
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Table 1. Conjugated monoclonal antibodies for various cetfeme markers used in this study, their primaryctigdy, isotype,
fluorophore and the cell phenotypes they primaglyresent

mAb Reactivity Clone Iso-type Fluoro-phore Cell pbgype Company cat.No

CD1 ovine 20.27 IgG1 A647 Antigen Presenting (1§)id AbD Serotec MCA2212A647
CD4 Ovine 44.38 IgG2a A647 T Helper Lymphocyte ABErotec MCA2213A647
CD8 Bovine CC63 IgG2a FITC Cytotoxic T Lymphocyte b Serotec MCA 837F

CD335 Bovine AKS1 IgG1 A488 Natural Killer cells BhSerotec MCA 2365A488
MHCII Qvine 34.68 lgG2a FITC Antigen Presentingigis) AbD Serotec MCA2226F

WC1 Bovine CC15 IgG2a FITC yo T Lymphocyte AbD Serotec MCA 838F

CD14 Human M532 IgG2a PE Monocyte BioLegend 301806

2.4. Staining of Cell Markers granulation. Lymphocytes are smaller in size than

hole Ivsed blood ined with lonal monocytes. Cell population according to their sire
Whole lysed blood was stained with monoclonal .o jation are encircled. The individual gating

antlbodlis to identify cell surface markers. C@5106 procedure for each panel is described in each digur

cells mL~) were incubated for 20 min at 4°C with A0  gpecifically. Some cell marker analyses were abekb

of each monoclonal antibody. Eollowmg the incubati gated to detect the location of the positive celithin

the cells were washed three times with 200 PBS,  the original plot. When analyzing cells for the ker

centrifuged at 260 g and resuspended inj208BS. CD14, positive cells were back gated to identifg th

2.5. Flow Cytometry cell type they or_iginated from. The back_ gating
approach resulted in two CD14+ cell populationse on

Samples were analyzed via a flow cytometer associated with monocytes and one associate with
(FACSCantoll, Becton Dickinson, USA) equipped with granulocytes. 2.6. Statistical analyses.

BD FACSDiva software (Becton Dickinson, USA). A Statistical analysis was done using SAS 9.3 (SAS,
minimum of 1500 events was collected per sample.Cary, NC). For the antibody data, one-way ANOVA
Profiles were analyzed with FlowJo (FlowJo, USA). Ftests were done to test for differences betweerdsr

Four panels were analyzed: CD4/CD8, CD4/WCL, for each antibody separately. A Benjamini-Hochberg
CD1/CD14 and MHCII/CD14. Panels CDA4/CD8 and ggjustment was used to account for multiple testing
CD4/WC1 were perfo_rmed on the first blood drawhet t (Benjamini and Hochberg, 1995). For the granulogyte
age of 3.5 weeks, while CD14/CD1 and CD14/MHC Classlymphocyte and monocyte data, one-way ANOVA F-
Il were measured on the second blood draw at the&g.5

weeks. Originally, CD335 was also included. Sinae n
measurable amounts of CD335 positive cells werectit,

tests were done to test for differences betweepdse
for each week and draw separately. A Benjamini-

) ; ) Hochberg adjustment was again used to account for
this data set was not included in the overall azgay g ad 9

The fluorescence in each sample was determinedﬂult_ipIe testipg (Benjamini and Hochberg, 1995). In
using a BD FACSCanto Il (BD Bioscience) and the addition, paired t-tests were done to test for

acquired data was analyzed using the FlowJo sadtwar differences between panels and time points.
(TreeStar, Ashland, OR). Gate strategy included
selection of cell populations according to their
side/forward scatter profile. Thereafter, the fesrence .
of positive cells was compared to their correspoadi 3.1. Gating Resultsat the Ageof 3.5and 5.5 Weeks
isotype-matched control and the percentage of igesit The goat whole lysed blood cell samples were
cells and intensity of fluorescence was recorded asanalyzed via flow cytometry according to their S&C-
percentage of positive cells and Mean Fluorescenceand FSC-A profiles to determine presence and

3.RESULTS

Channel (MFC), respectively. abundance of the three major cell populations:
The gating strategy to identify granulocytes, Lymphocytes, monocytes and granulocytes.
monocytes and lymphocytes is presented in eachefigu Accordingly, granulocytes (variable sizes, high
Briefly, Forward Scatter (FSC-A) represents thé sizk granulation) were identified as SSC-
in a linear pattern, while the Side Scatter (SSC-A) Ahigh/FSCAvariable whereas lymphocytes (small size,
represents the granulation of each cell in a linedtern. low granulation) were identified as SSCYFSC-A*"
Granulocytes have strong granulation with a vaeatall and monocytes (medium size, low granulation) as-SSC

size, while lymphocytes and monocytes have lessA®Y/FSC-A™™ (Fig. 1).
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.. Monocytes
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1]
Lymphocytes® v Lymphocytes!™ " o
L] K 10K 150K 20K 2EK o S 100K 150M JD0K 250K
EECH FEC-A
Tag # Breed 3.5 weeks 5.5 weeks
Lympho- | Mono- Granulo- | Lympho- Mono- Granulo-
cytes cytes cytes cytes cytes cytes

6578 Alpine 464 3.38 12.8 449 288 1
6583 Alpine 422 231 8.6 60 7.59 10.2
6593 Alpine 39.9 276 19 53.6 5.97 16.7
6617 Alpine 46.6 9.49 23.2 41.4 283 6.1
6618 Alpine 209 0.87 12.4 60.6 5.07 745
6621 Alpine 49.6 543 7.69 95.1 4.26 15.6
6629 Alpine 56.2 5.09 147 407 217 938
6630 Alpine 52.7 293 79 303 209 3.65
6631 Alpine 49.7 5.02 10.9 51.5 512 16.3
6632 Alpine 56.7 6.63 12.3 64.7 277 5.23
6670 Alpine 271 295 26.4 5928 295 497
6673 Alpine 61.2 8.38 979 495 229 591
6677 Alpine 64.3 4.34 7.76 93.2 3.05 2.86
6678 Alpine 44.4 3.61 17.8 63.4 3.47 9.06

Average Alpine 46.921 4.228 13.66 51.55 3.761 8.886
6616 | Anglo-Nubian| 51.8 23 8.94 17 0.78 361
6622 Anglo-Nubian 39.3 2.38 13.5 41.2 4.12 15
6623 Anglo-Nubian 451 237 14 318 256 239
6625 Anglo-Nubian 60.2 4.15 9.03 36.3 3.22 16
6679 Anglo-Nubian 15 1.49 33.1 52.6 0.67 3.62
6682 Anglo-Nubian 53.8 3.67 5.82 62 1.84 6.51
6686 Anglo-Nubian 404 275 21.8 364 223 11.6

Average |Anglo-Nubian| 43.657 2.73 1517 39.61 2.203 11.46
6620 Saanen 59.3 287 14.7 50.5 3.76 9.25
6624 Saanen 334 25 243 9.59 0.53 0.53
6671 Saanen 323 2.58 27 56.3 3.97 10.6

Average Saanen 41.667 2.65 22.00 38.797 2.753 6.79
6619 La Mancha 36.5 1.94 74 32.9 4.64 19.1
6627 | Toggenburg 59.7 4.03 5.21 35.6 5.53 24.6

Fig. 1. Flow cytometry plots of goat #6593 (as one exarfmi¢he gating strategy) at age 3.5 weeks (left)dad at the age of 5.5
weeks (right plot). The two plots demonstrate ttratsgy of gating for all goats included in thisidy. Forward scatter
represents the cell size in an exponential pattehile side scatter represents the granulatioraohesell in a linear pattern.
Granulocytes have strong granulation, while lympites and monocytes have less granulation. Lymplescyte smaller in
size than monocytes. Cell population accordinchtartsize and granulation are encircled. The talelew the plots shows
the amounts of lymphocytes, monocytes and grantdsabtained at each time points as well as theages for each breed

Figure 1 presents the data obtained within the second semajor lymphocyte populations were analyzed: Cells
(panel CD4/CD8) of week 3.5 in comparison with tessu
obtained in week 5.5 of age. Statistical analydethe
various breeds at each time point and panel didevaal
any significant breed-associated differendeab(e 2).

3.2.Gating Results for Various Lymphocyte

Populations

with positive fluorescence for mAb recognizing CD4
(CD4+ T cells), CD8 (CD8+ T cells), CD4/CD8
double positive T cells, CD4/CD8 double negative T
cells and WC1 positive T cellyd T cells). CD335
was used as a marker for NKT cells, but only trace
amounts were present and thus were not included in
this analysis. Data for cells with positive surface

Lymphocyte cell populations were gated according toexpression for CD4 and/or CD8 are shownFig. 2,
their SSC-A" /FSC-A*" profiles Fig. 2 and 3). Five
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Table 2. Statistical analyses of potential breed differerafe@average cell amounts of peripheral white bloell populations for the
two different time points and two different panatsveek 3 (F: F test statistic for oneway ANOVA, BHalue represents
Benjamini-Hochberg adjusted p-value)

Cell type Time point Alpine Anglo-Nubian Saanen F vdtde BH p-value
Granulovytes Week 3 13.6600 15.1700 22.0000 1.681 .2100 0.437
Granulovytes Week 5 8.8860 11.4600 6.7900 0.838 460.4 0.613
Lymphocytes Week 3 46.9210 43.6570 41.6670 0.276 7620. 0.762
Lymphocytes Week 5 51.5500 39.6100 38.7970 2.414 1140. 0.344
Monocytes Week 3 4.2280 2.7300 2.6500 2.634 0.095 .3440
Monocytes Week 5 3.7510 2.2030 2.7530 2.404 0.115 .3440
s Granulocytes 10
P 2

[ S0k 100K 150K 200K 290K 10 Al U lﬂ- L] 50K 100K 150M 200K 250K
C-A ood FSC-4
Tag # Breed CD4+ CD8+ CD4+/CD8+ CD4-ICD8-
6578 Alpine 399 11.6 0.49 48
6583 Alpine 36.9 13 0.39 49.8
6593 Alpine 50.1 17.9 04 31.7
6617 Alpine 41.3 15.6 0.65 42.5
6618 Alpine 404 13.5 0 46.2
6621 Alpine 37.8 6.08 0.1 56
6629 Alpine 59.9 14.3 0.47 254
6630 Alpine 43.5 16.3 0.25 39.9
6631 Alpine 50.6 12.6 0.73 36
6632 Alpine 42.8 17.8 0.64 38.7
6670 Alpine 222 5.61 0.35 71.9
6673 Alpine 449 14.5 0.47 40.1
6677 Alpine 44.8 16.9 0.89 37.5
6678 Alpine 52 19.2 0.51 28.3
Average Alpine 43.364 13.921 0.453 42,286
6616 Anglo-Nubian 355 229 0.39 41.2
6622 Anglo-Nubian 321 13.6 0.097 94.2
6623 Anglo-Nubian 39.2 10.6 0.93 49.3
6625 Anglo-Nubian 53.6 14.6 0.66 31.1
6679 Anglo-Nubian 452 8.31 0.47 46
6682 Anglo-Nubian 40.1 10.2 0.92 48.8
6686 Anglo-Nubian 18.5 8.81 0 727
Average | Anglo-Nubian 37.743 12.717 0.495 49.043
6620 Saanen 534 14.7 1.03 30.9
6624 Saanen 341 17 0.46 48.4
6671 Saanen 42.5 7.58 0.18 49.7
Average Saanen 43.333 13.093 0.556 43.00
6619 LaMancha 44.9 13.6 0 41.5
6627 Toggenburg 48.7 12.9 0.41 38

Fig. 2. Flow cytometry plots of goat #6593 (as one exanfplethe gating strategy) at age 3.5 weeks (secatd keft plot
represents cell sorting according to cell size (lA§@nd granulation (SSC-A). Lymphocytes are enedas cells small in
size and low in granulation. This cell populatioasased for analysis for markers for CD4 (x-axig) @D8 (y-axis) (middle
plot). Cells were then back-gated to the originaCH8SSC-A plot to identify the correct populatiohlgmphocytes (plot at
the right). The table below the flow cytometry glabntains data for the various cell subpopulatassociated with the two
markers for each goat as well as the average of lmaed
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Ll I Granulocms L
70K
< All Other Cells
§ 50K . :
0k
Tk
T
0 fOK 100K 150K 200K 280K 0 K 100K 150K 200K 250K
FEC-A
Tag # Breed CD4+/WC1+ CD4-'WC1-
6578 Alpine 0.043 56.7
6583 Alpine 0.19 462
6593 Alpine 0.14 52.5
6617 Alpine 0.13 428
6618 Alpine 0 a7.6
6621 Alpine 0.15 91.7
6629 Alpine 51.7 13.1 0.089 35.1
6630 Alpine 341 26.8 0.17 38.9
6631 Alpine 438 8.07 0.08 48
6632 Alpine 359 21.7 0.11 423
6670 Alpine 19.3 33 0 47.7
6673 Alpine 36.1 242 0.082 39.6
6677 Alpine 42 18 0.093 39.9
6678 Alpine 31 21.8 0.21 47
Average Alpine 34.964 18.786 0.106 46.143
6616 Anglo-Nubian 31.2 14.4 0.11 54.3
6622 Anglo-Nubian 29.4 17.2 0.36 53
6623 Anglo-Nubian 332 131 011 535
6623 Anglo-Nubian 471 9.98 0.22 427
6679 Anglo-Nubian 133 13.5 0 711
6682 Anglo-Nubian 30.3 299 0.17 39.7
6686 Anglo-Nubian 33 32.6 0.12 34.2
Average Anglo-Nubian 31.071 18.954 0.156 49.786
6620 Saanen 455 15 0.15 39.3
6624 Saanen 311 121 0.09 56.7
6671 Saanen 35 17.3 0.19 475
Average Saanen 37.2 14.8 0.143 47.833
6619 LaMancha 37.9 14.9 0.27 46.9
6627 Toggenburg 40.5 17.9 0.11 41.4

Fig. 3. Flow cytometry plots of goat #6593 (as one exanfptehe gating strategy) at age 3.5 weeks. Left pd¢presents cell
sorting according to cell size (FSC-A) and granolat(SSC-A). Lymphocytes are encircled as cellslsmasize and
low in granulation. This cell population was used &nalysis for markers for CD4 (x-axis) and WC1ais) (middle
plot). Cells were then back-gated to the origin8ICFA/SSC-A plot to identify the correct populatiofh lymphocytes
(plot at the right). The table below the flow cyteiry plots contains data for the various cell sypations associated
with the two markers for each goat as well as therage of each breed

No statistical significant differences between theee presentation (CD1, MHC class II). While most ofgbe
breeds were found for any T cell populatidralle 3). cells should be monocytes, a significant portions wa

. . identified to be within the granulocyte populatigig. 4).
33. Eﬁ::ggnl?:rsu”stfi?]rg%zl}g Bearing Cells and Interestingly, while all granulocytes bear CD14]yoa

portion of the monocytes bears this marker (322%)0
Whole lysed blood cell samples obtained from eachNo statistical significances for breed differenogere
goat at 5.5 weeks of age were used to identifys agith detected Table 4). MHC class Il and CD1 molecules are
the CD14 marker (monocytes, granulocytes) in antigen presenting cell surface molecules present o

combination with molecules necessary for antigenantigen-presenting cells (macrophages, dendrilis)ce
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e . '
D SN 100K 1SDK 200K 2SO
FBC-A

Granulocytes

0 S 100K 18Ok OW 0K

Tag # Breed Lympho- Mono- Granulo- CD14 within | CD14 within
9 cytes cytes cytes monocytes granulocytes
6578 Alpine 44.9 2.88 11 2 1.2
6583 Alpine 60 7.59 10.2 242 10.4
6593 Alpine 53.6 597 16.7 4.41 16.4
6617 Alpine 414 283 6.1 1.18 6.29
6618 Alpine 60.6 5.07 745 207 8.87
6621 Alpine 551 426 156 284 16.3
6629 Alpine 40.7 217 9.38 1.42 10.4
6630 Alpine 30.3 209 3.65 0.97 4.24
6631 Alpine 51.5 5.12 16.3 3.43 15.9
6632 Alpine 647 277 523 1.36 5.68
6670 Alpine 52.8 295 4.97 2.06 6.66
6673 Alpine 49.5 229 5.91 1.18 76
6677 Alpine 93.2 3.05 2.86 2.18 4.16
6678 Alpine 63.4 347 9.06 19 964
Average Alpine 51.55 3.75 8.89 2.101 9.553
6616 Anglo-Nubian 17 078 3.61 072 4.15
6622 Anglo-Nubian 41.2 4.12 15 3.04 17.7
6623 Anglo-Nubian 318 256 239 204 252
6625 Anglo-Nubian 36.3 3.22 16 257 17
6679 Anglo-Nubian 52.6 067 3.62 0.64 4.1
6682 Anglo-Nubian 62 1.84 6.51 1.65 6.85
6686 Anglo-Nubian 364 223 11.6 1.89 13.2
Average | Anglo-Nubian 39.61 22 11.46 1.793 12.6
6620 Saanen 50.5 3.76 9.25 1.85 8.89
6624 Saanen 9.59 0.53 0.53 0.34 0.95
6671 Saanen 96.3 397 10.6 234 1.8
Average Saanen 38.8 2.75 6.79 1.51 7.213
6619 La Mancha 32.9 4.64 19.1 5.56 21
6627 Toggenburg 35.6 5.53 246 591 25.9

Fig. 4. Flow cytometry plots of goat #6593 (as one exanfmehe gating strategy) at age 5.5 weeks. Left mpresents cell sorting
according to cell size (FSC-A) and granulation (S§CMonocytes are encircled as cells larger ire gind low in granulation,
while granulocytes were detected as cells withngtrgranulation and variable sizes. These cell @mtjpus were used for
analysis for markers for MHC Il (x-axis) and CD34ais) (middle plot). CD14+ cells were dividedargells with high amount
of CD14 and those with lesser amounts (boxed acaiy). CD14 positive cells were then back-gatedvah in the plot to the
right (top box: CD14 high; bottom left box: CD14 [pand associated to their respective original pefiulation as monocytes
and granulocytes, respectively. The table belowflin cytometry plots contains data for the variamedl subpopulations
associated with the two markers for each goat dsaethe average of each breed

Table 3. Statistical analyses of potential breed differermfemverage cell amounts of peripheral T cell papahs (F: F test statistic
for one-way ANOVA, BH p-value represents BenjaminieHberg adjusted pvalue)

Cell type Alpine Anglo-Nubian Saanen F P-value BHabue
Cd4+ Panel 1 34.9640 31.0710 37.2000 0.728 0.495 090.8
CD8+ 13.9210 12.7170 13.0930 0.182 0.835 0.902
CD4+/CD8+ 0.4530 0.4950 0.5560 0.161 0.852 0.902
CD4-/CD8-| 42.2860 49.0430 43.0000 0.755 0.482 0.809
CD4+ Panel 2 43.3640 37.7430 43.3330 0.862 0.437 090.8
WCI+ 18.7860 18.9540 14.8000 0.336 0.718 0.902
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nulocytes . L

cola

DS 100K 150K 200K 2K 1n’ b 1 't
FBC-A &1
Tag # Breed CD14+ CD14+/CD1+ CD1+ CD14-/CD1-
6578 Alpine 368 278 33 274
6583 Alpine 17.8 2N 61.4 18.7
6593 Alpine 474 1.22 31 204
6617 Alpine 247 077 44 .4 30.1
6618 Alpine 18 3.95 50 281
6621 Alpine 31.7 1.93 394 27
6629 Alpine 22 6.3 26 45.7
6630 Alpine 134 268 60.4 235
6631 Alpine 314 3.32 38.3 27
6632 Alpine 19.9 0 43.4 36.8
6670 Alpine 30.2 4.76 28.6 36.5
6673 Alpine 233 0 34 427
6677 Alpine 205 0 63.6 15.9
6678 Alpine 26.8 2.59 38.3 323
Average Alpine 25.993 2.315 42.271 29.436
6616 Anglo-Nubian 299 0 43.6 26.9
6622 Anglo-Nubian 411 0.93 336 243
6623 Anglo-Nubian 37.8 1.8 284 32
6625 Anglo-Nubian 46.8 3.67 30.3 19.3
6679 Anglo-Nubian 346 0 23.1 423
6682 Anglo-Nubian 347 1.02 245 39.8
6686 Anglo-Nubian 229 1.79 39.5 35.9
Average Anglo-Nubian 35.343 1.316 31.857 31.5
6620 Saanen 216 295 534 22
6624 Saanen A A 556 222
6671 Saanen 252 1.26 35.5 38
Average Saanen 19.3 5.103 48.167 27.4
6619 LaMancha 62.1 0.43 218 15.7
6627 Toggenburg 62.4 0.85 17.9 18.8

Fig. 5. Flow cytometry plots of goat #6593 (as one exarfgniéhe gating strategy) at age 5.5 weeks. Left mpresents cell sorting
according to cell size (FSC-A) and granulation (S§C Monocytes are encircled as cells larger inesand low in
granulation. This cell population was used for gsialfor markers for CD14 (y-axis) and CD1 (x-axijlft plot). The table
below the flow cytometry plots contains data fae tharious cell subpopulations associated withwhterharkers for each goat
as well as the average of each breed

Table 4. Statistical analyses of potential breed differerafesverage amounts of peripheral CD14 bearingpmgiulations (F: F test
statistic for one-way ANOVA, BH p-value representsifaanini-Hochberg adjusted p-value)

Cell type Alpine Anglo-Nubian Saanen F P-value BHatue
CD14+ Monocytes 2.101 1.793 1.510 0.601 0.557 0.836
CD14+ Granulocytes 9.553 12.60 7.213 1.130 0.342 090.8
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Tableb. Statistical analyses of potential breed differerafeaverage amounts of peripheral antigenpresergfgopulations (F: F
test statistic for one-way ANOVA, BH p-value repneseBenjamini-Hochberg adjusted p-value)

Cell type Alpine Anglo-Nubian Saanen F P-value BHaue
CD14+ Panel 1 25.9930 35.3430 19.3000 4.610 0.022 1970.
CD1+ 42.2710 31.8570 48.1670 3.002 0.071 0.358
CD14+ /CD1+ 2.3150 1.3160 5.1030 2.860 0.080 0.358
CD14-/CD1- 29.4360 31.5000 27.4000 0.261 0.773 0.902
CD14+ Panel 2 8.7210 13.4770 5.9870 6.671 0.006 20.10
MHC 11+ 54.2570 44.8860 57.4000 2.420 0.113 0.408
CD14+/MHC II+ 18.5360 22.5280 17.7670 0.840 0.446 00.8
CD14-/MHC II- 18.4830 19.1000 18.8670 0.017 0.983 88.9
E
Tag # Breed CD14+ | CD14+/MHC I+ | MHC I+ CD14-/MHC II-
6578 Alpine 6.94 316 427 18.8
6583 Alpine 10.8 777 704 111
6593 Alpine 16.4 304 40.7 125
6617 Alpine 579 19.3 57.5 17.4
6618 Alpine 526 15.4 65.8 136
6621 Alpine 1.6 22 521 14.3
6629 Alpine 7.87 17.3 339 40.9
6630 Alpine 872 6.04 67.1 18.1
6631 Alpine 8.59 256 50 158
6632 Alpine 515 14.7 58.8 213
6670 Alpine 1.1 238 44.4 206
6673 Alpine 583 15.5 57.3 214
6677 Alpine 7.95 12.5 69.9 9.66
6678 Alpine 101 17.6 49 233
Average Alpine 8.721 18.536 54.257 18.483
6616 | Anglo-Nubian| 769 21.8 551 154
6622 | Anglo-Nubian| 935 318 477 1.2
6623 | Anglo-Nubian| 17.6 216 414 19.4
6625 | Anglo-Nubian| 156 33 38.5 128
6679 | Anglo-Nubian| 154 19.2 46.2 19.2
6682 | Anglo-Nubian| 184 17.3 337 30.6
6686 | Anglo-Nubian| 10.3 13 516 251
Average |Anglo-Nubian| 13.477 22.528 44.886 19.1
6620 Saanen 7.21 16.4 62.3 14.1
6624 Saanen 37 18.5 63 14.8
6671 Saanen 7.05 18.4 469 277
Average Saanen 5.987 17.767 57.4 18.867
6619 LaMancha 205 41.2 3 7.33
6627 | Toggenburg | 40.2 21.7 24.5 13.6

Fig. 6. Flow cytometry plots of goat #6593 (as one exanfptethe gating strategy) at age 5.5 weeks. Left pt¢presents cell
sorting according to cell size (FSC-A) and granola{SSC-A). Monocytes are encircled as cells laigesize and low
in granulation. This cell population was used foalysis for markers for CD14 (y-axis) and MHC Il-gxis) (right
plot). The table below the flow cytometry plots tains data for the various cell subpopulations eisges with the
two markers for each goat as well as the averagmaofi breed
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Figure 5 shows the cells bearing CD1 and/or CD14, for lymphocytes (52.63% for male and 57% for ferpale
while Fig. 6 presents cells bearing MHC class Il and monocytes (4.81% for male and 4.02% for female)
and/or CD14 molecules. These cells were charaettriz compared to our dairy goat breed data with lymplegy
by their cell surface expression of CD14, CD1 antd®1  ranging from 41.58 to 57.02% and monocytes ranging
class Il molecules. Although no statistical sigrafices from 1.42 to 4.23%. Clearly, our numbers for
were found for any cell type after correcting foultiple granulocytes differ from those determined by
testing, CD14+ Panel 1 and Panel 2 both haveSomvanshiet al. (1987). While our numbers are
unadjusted p-values < 0.0%dable 5). For CD14+ from  primarily in the single digits or teens, their nuend
both panels Anglo Nubian goats had higher meansrange between 38.69 and 42.56%. Different breeds,

compared to Alpine and Saanen goats. higher elevation, or different methods could have
attributed to varying granulocyte amounts. Whileyth
4. DISCUSSION discussed their different data for erythrocytes as

_ ~ compared to European goats, type of breed and
Goats are excellent animal models for chronic different nutrition were mentioned as plausible s8I

infectious diseases, such as mycobacterial diseasefr those differences. Unfortunately, these seebretthe
(Johne's disease, bovine and human tuberculosis)only intensive descriptions of early white cell

melioidosis, or brucellosis (Sofflegt al., 2012; Kahl-  populations and immune markers in goat kids.
McDonaghet al., 2006; Stewarét al., 2006; Bezost al., Most of the cell population analyzed for the two
2010; Pereet al., 2011). Unfortunately, the goat model is different time points did not exhibit any signifitta
rarely used due to lack of goat-specific antibodies differences due to time points or breeds. Thiisur
information on cross-reactivities of bovine, ovine, knowledge the first report on such differences. (s
murine and human antibodies and baseline data pn (1start their lives with high numbers of lymphocytesd
peripheral leukocyte population determined by flow lower numbers of granulocytes and the number of
cytometry, (2) potential breed differences and (3) granulocytes increases throughout the first moafhie
available conjugated antibodies for cell surfacekmis (Mbassa and Poulsen, 1991). Indeed, we see those
of various peripheral blood cell populations. Fetya changes in the granulocyte populations between the
study using the goat model, it is important to know weeks of 3.5 and 5.5 of age. However, lymphocytes a
potential differences between breeds if single dse@e  still the major cell population within the PBMCs gbats
not available. In our case, we received 26 goas kil  (Eiseltet al., 2011). While the main purpose of this study
various breeds. Most of them were Alpine, Saaneh an was to determine potential breed difference, weakthi
Anglo-Nubian, however, we also received one that this was noteworthy.
LaMancha and one Toggenburg. The main question was While one could assume that there might be breed-
if differences in cell surface markers are preg@tiveen  specific differences in lymphocytes, granulocytas/ar
the three major breeds investigated. monocytes, none have been reported yet. Breedfipeci
The analyses were performed for peripheral bloodleukocyte differences were detected for three eattl
leukocytes at the age of 3.5 weeks (emphasis orbreeds (Friesian, Red Danish, Jersey cattle) with
lymphoid cells) and 5.5 weeks (emphasis on myeloidstatistical significance (Flensburg and Willeberg,
cells). There was a clear pattern that distinguistie  1976). Also, MHC class | reactivity to various aygns
various cell populations from each other. While differs significantly between breeds of cattle instralia
granulocytes were classified as high in granulation (Stearet al., 1987). None were reported so far for the
lymphocytes and monocytes were detected-as expectedhree major dairy goat breeds used in this study.
as low in granulation. Lymphocytes and monocytes In our study, we used several antibodies that eross
could be clearly separated by cell size. reacted with the caprine system. The reactivitiethese
While we analyzed cell populations as early as 3.5antibodies were against bovine (three), ovine &hemd
weeks, Stabel and Robbe-Austerman  (2011)human (one); however, all of the tested antibodies
describedtheir analyses of calf PBMCs at an eadiglg  demonstrated strong cross-reactivity with the csgri
(1 week) without any difficulties. Somvansiet al. system. Interestingly, Dagleistt al. (2012) described
(1987) described the development and changes of therossreactivities of cell surface marker antibodeeshe
whole hematology of Cashmere goats at differensage ovine system with the cervine system (European Red
from less than one month to 10 years. While thase a Deer) (CD3, CD4, CD8, MHC ll,y6 TCR, CD21,
primarily fiber goats, they found slightly differedata @~ CD7%cy). This seems logical since ruminants are
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closely relatedspecies; however, we did not see anyhat they might play a key role in local defenssetems

useful cross-reactivity for the highly species-sfiec
lymphocyte marker CD3. Neither the bovine nor the
ovine antibodies cross-reacted. Thus, it seemagake
to generate such antibody for further studiesnearlier
study, Naessers al. (1993) analyzed 189 antibodies for
cell surface markers towards their potential ofsero
reactivity with domestic and wild ruminant species
including cows, sheep, goats, buffalo and waterbuck
Monoclonal antibodies for CD3 demonstrated cross-
reactivity for the bovine system as well as for bodfalo
and waterbuck systems but not for the ovine orinapr
system. Of the markers of key interest for studieshe
immune system of goats CD1w3, CD2, CD4, CD5, CD6,
CD8, CDl1la, CD11b, CD11c, CD18, CD25, WC1 and
CD44 demonstrated strong cross-reactivity with the
caprine system. Although the clones for those $ipeci
antibodies are not commercially available we can
confirm that the commercially available antibodies
used in our study have similar cross-reactivitiss a
described by Naesserst al. (1993). Furthermore,

in the intestinal system with their own stimulation
through the MR1 bearing antigen-presenting cellsis T
newly identified immune defense cascade seems to
eliminate bacterial and viral pathogens during yearl
infection. Interestingly, in HIV infected peopléehese
cells become exhausted over time, marking disease
progression. This observation might be important fo
various chronic infectious diseases thathave tindial
start in the intestinal system. Thus, it seems ewene
logical to analyze potential differences of CD4/CD8
double negative cells in various breeds. No stedilty
significant differences in CD4/CD8 double negatoed!
populations were observed between the three breeds.
Although data cannot be compared due to the age
differences of the animals it is clear that ourtdads had
higher CD4+ and CD4+/CD8+, as well as lower CD8+
number compared to those determined by Naveral.
(1996). Although different antibodies were usedoir
study and in the study by Navastal. (1996), it seems that

while several follow-up studies analyzed newly yhe amount ofys T cells are similar throughout the first

designed antibodies, they were only tested for the
bovine system and not the ovine or caprine system

(Sopp and Howard, 1997; Sogbal., 2001; 2007). The
most
reactivities were performed by the laboratory of. Dr
Davis, in which most bovine antibodies currentlyuse
were generated (Mosaad al., 2006). Their intensive
analysis confirmed many cross-reactivities but also
ensured the lack of a specific antibody for CD3 kear
in goat that could be used in caprine studies.

While the main purpose in this study was to obtain
baseline profiles for peripheral blood leukocytesl do
define potential differences in granulocytes, lymogytes

and monocytes due to breeds, we also analyzed th

lymphocyte subpopulations of goat kids. There ary o
few published studies targeting subpopulation ssedy
at an early age in goats. Navaetoal. (1996) studied
four seven-month old Murciano-Granadina goats
(dairy goats breed) for the presence of CD2, CD4,
CD8, MHC I, MHC Il, WC1 and CD25 in peripheral
blood, lymph nodes, spleen and ileal Peyer’s patche

No statistical analyses were performed due to the

small number of animals involved.

Since the presence of CD4+ and CD8+ T cells is well
documented in various analyses,
positive cells are mostly seen as undifferentidtezells,
which later will become either CD4+ or CD8+. Altlgiu
in the past the importance of CD4/CD8 double negati
T cells was dubious, over the last decade, it vimsva
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comprehensive analyses of antibody cross-

CD4/CD8 double

seven months. The same group published a follogtugy

on the postnatal evolution of lymphocyte subpojpurtatin
peripheral blood of goats (Caret al., 1998). They
analyzed the same goat breed at various time points
throughout the first seven months for the same arark
Interestingly, their numbers strongly vary from alata
even for 1 month of age, suggesting differences/den
the goat breeds involved. The final study on
subpopulations of lymphocytes was performed by
Winnicka et al. (1999) on 18 Saanen breed goats from
1 day of age to 1.5 years of age. No specific nusibe
for CD4+, CD8+ and CD4+/CD8+ cells were provided
during their discussion. Although they did not anzal

?ymphocyte subpopulations at 1 month, it seems when

analyzingFig. 3 in their study, however, that the CD8+
cell amount is similar to the number in our studihis

last study on Saanen goats used a statistically
significant amount of goats while the other twodéts
used only four animals. In comparison, our study
included 14 goats of the Alpine breed, six Saareatg
and only four Anglo-Nubian goats.

5. CONCLUSION

While the study has its limitations by the numbér o
goat kids per breed involved in the analyses anthby
inclusion of only male goat kids, it still provides
excellent baseline data on peripheral blood leutexy
and profiles of various T cell population and aatig
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