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Toxicological Reference Data for 6- to 9-Month Male and Female Sinclair Nanopigs®

ABSTRACT Table 1. Hematology Data

70.0
The use of miniature swine in Safety assessment studies has grown In p0pu|arity Male 2-3 Months (n=54) Female 2-3 Months (n=46) Male 4-5 Months (n=42) Female 4-5 Months (n=40) Male 6-7 Months (n=50) Female 6-7 Months (n=50) Male 8-9 Months (n=50) Female 8-9 Months (n=51) 60.0
over the paSt decade as the indUStry aimS tO minimize the use Of Canines and g:f;?:;::gg Mean SD Ref?:;/:\ce Mean SD 95%;::3':"% Mean SD 95%5::3?"“ Mean SD 95°/o:ae:3reence Mean SD Rm?eizonce Mean SD 95%;::;?"“ Mean SD 95%;::;::“9 Mean SD 95%RR::Z|;ence 0) 50.0
primates in support of the 3Rs initiatives. While there is considerable data for L Range Range S w0 Hanford
. _ _ _ _ WBC (10%uL) | 145 | 29 | 9 [198 | 142 | 24 | 102 [183 (137 | 27 | 95 | 199 [ 1377 | 25 | 93 | 188 | 143 | 41 [ 62 | 224 | 114 | 25 | 63 |164 | 139 | 30 | 79 | 200 | 116 | 25 | 66 | 165 £
several breeds of miniature swine widely available to the research community, RBC(10%uL) | 77 | 08 | 62 | 91 | 7.9 0.7 65 | 92 | 77 | 09 | 67 | 98 | 757 | 05 | 68 | 85 | 75 | 06 | 63 | 87 | 7.7 | 06 | 65 | 89 | 78 | 09 | 60 | 95 | 74 | 05 | 65 | 84 2 300 =@ Yucatan
much of the data obtained from the Sinclair Nanopig® is proprietary to the Ao /8 1 e B0 4 R B o a1 S 1B 3 o a1 0 R e o o O i Bl 0 =
organizations utilizing the model. The Sinclair Nanopig® Is comparable to the MCV (fL) 564 | 34 | 499 | 621 | 555 | 1.9 | 523 | 593 | 56.7 | 34 | 515 | 623 | 5501 | 3.7 | 49 | 612 | 576 | 1.8 | 541 | 612 | 59.6 | 3.2 | 533 | 66.0 | 584 | 3.3 | 519 | 650 | 60.7 | 3.7 | 534 | 68.1 100 __.__-____.___._—-———‘—‘—‘__-' @@= Sinclair Nanopig
: T T : MCH (pg) 185 1 [164 201 185 | 08 | 168 [199[193 ] 14 [ 168 [ 221 [ 192 | 1 | 176 [ 208 ] 192 [ 07 [ 178|206 | 199 10 [ 180 [ 218 190 | 11 [ 168 [ 211 | 200 | 08 | 184 [ 217 0.0
well-established breeds, such as Yucatan and Gottingen minipigs®, in terms of MCHC (g/dL) [ 329 | 08 [314[344] 333 | 08 | 318 [346[338] 1.7 | 307 [ 368 [ 3494 [ 12 | 324 [ 365 334 | 1.2 [ 309358334 | 14 [ 306 [361] 325 | 11 [ 302 | 347 [ 330 | 12 [ 306 | 355 1 2 3 4 5 6 7 8 9 10 11 12
physiology and metabolism, but is more similar in body weight to a beagle dog PLT (10%uL) [564.4 | 128.3 |351.4 (826.5| 562.6 | 113.4 | 335.4 |771.5(470.6|101.9| 324.3 | 634.2 |441.12 | 80.3 | 259.7 |588.7 | 460.7 | 155.7 | 149.3 | 772.2395.8 | 131.7 | 132.3 [659.3 | 465.2 | 138.9 | 187.4 | 742.9 | 386.0 | 122.1 | 141.8 | 630.1 Age in Months
: : L ) : : : : NEU (10%uL) | 34 | 15 | 05 | 62 | 28 1.3 0.1 53 | 37 | 15 | 16 | 64 | 319 | 1 14 [ 51 | 52 | 36 (00 [123 25| 13 | 00 |51 | 47 | 26 | 00 | 99 | 27 | 17 | 00 | 6.1
Wh_en mamt_ame(_j on a hlgh_ﬂber’ low-fat diet. .ThIS: prOVIqu an advantage. In NEU (%) 242 | 98 [ 39 [427] 213 | 68 | 109 [ 36 [286 [ 104 ] 119 | 478 [ 2268 6 | 112 [ 363 [ 329 [ 159 ] 10 [ 647219 86 | 48 [390[ 338 [ 135 | 68 | 607 | 233 | 95 | 44 [ 423
using the Sinclair Nanop|g® in that less test article is required for IND-enabling LYM (10%uL) | 94 | 25 | 41 [139 | 101 2 7 13 | 88 | 17 | 57 | 13 | 985 | 23 | 58 |144 | 77 | 24 | 28 [126| 81 | 19 | 43 [ 18| 79 | 20 | 39 | 118 | 74 | 18 | 39 | 110 Figure 1:
studies compared to the beagle dog or the Géttingen minipig®. The current LYM (%) 65.7 | 108 [ 398 [ 802 ] 723 | 51 | 619 [801[648] 95 | 466 | 794 [ 7165 [ 48 | 648 [ 798 [ 543 [ 107 [ 330|757 [ 712 90 [ 532 [89.2] 571 [ 120 | 331 | 81.0 | 656 | 106 | 445 | 86.7
. . MONO (10%uL) | 0.63 | 0.18 | 037 [ 113 | 085 | 038 | 025 | 1.7 | 049 |015| 028 | 075 | 053 | 017 | 031 |08 | 10 | 09 |00 | 29 | 04 | 03 | 00 [ 09 | 06 | 05 | 00 | 15 | 05 | 03 | 00 | 1.2
poster presents reference data (body weight, hematology, serum chemistry
_ ’ . K . ’ MONO (%) 469 | 153 [ 242 77 | 545 | 199 | 28 [1009] 368|119 ] 169 | 63 | 39 [098| 259 [575] 75 | 84 [ 00 [244 ] 37 | 23 | 00 [ 84 | 41 [ 28 | 00 [ 98 | 45 [ 21 | 04 | 86 20.0
electrocardlography (ECG), ophthalmology, macroscopic tissue observations, EOS (10%pL) | 019 | 0.13 | 0.03 | 045 | 015 | 0.07 | 0.04 | 03 | 014|007 | 005 | 029 | 018 [ 007 [ 0.09 | 0.3 | 02 | 01 | 00 | 04 | 02 | 0.1 00 | 05| 02 | 0.1 00 | 04 | 03 [ 02 | 00 | 07
and microscopic pathology) for the Sinclair Nanopig® at ages that correlate to the  [£osm L 1e fow for e | ior o | oot [z faoe fasr o [iet |ia fose [0 zor [0 fao b oo fao fofioor oo iz foe for ae faz |17 oo |
most common ages used in safety assessment studies. These data are critical BAS (%) 038 | 027 | 01 | 1 | 028 | 008 | 02 | 04 | 035|022 01 | 07 | 022 [007] 041 |031| 04 | 02 | 00 | 09 [ 04 | 02 | 00 | 07 | 05 | 04 | 00 | 13 | 04 | 01 | 01 | 06 e
. . . . . 0
for toxicologists and pharmacologists as a reference for normal variation among |z 0 e O e T 0T 016 | oo Tose| 07 | 1o | 35 [ 7s |00 s 1o [ 0w |00 28| 25| 74 [ oo [ril a7 | 6e | a0 er Soe
animal models used in nonclinical drug development. The goal of this poster is RET (10°/L) 841 | 438 | 19 | 177 | 952 | 455 | 286 |[177.2| 774 | 251 | 38.1 | 1282 [ 6563 | 27.2 | 252 |124.1| 915 | 435 | 45 |[178.5| 90.0 | 30.9 | 28.2 |151.8| 904 | 393 | 11.8 | 169.0 | 82.7 | 448 | 0.0 | 1724 2 100 . "
. . . . ) - ottingen Minipig
to expand upon the standard reference data for the Sinclair Nanoplg® available to RET (%) 11 | 06 [ 03 [ 25 ] 12 0.6 04 [ 27 ] 1 [ o3 ] 05 | 17 [ o8 |03 ] 03 [16] 12 [ 06 [ 01 [ 23] 12] 04 [ 03 [20] 12 [ 05 [ 01 [ 22 | 11 [ 06 | 00 | 23 y . -
the entire research community. Table 2. Serum Chemistry Data o Soua MS?I:Fﬁ;;ﬁfwi{Hh} ~+-Sinclair Nanopig
Dog Agein Months 5 6 7 8 9 10 11 12 13 14 15
INTRODUCTION Serum Male 2-3 Months (n=54) Female 2-3 Months (n=46) Male 4-5 Months (n=42) Female 4-5 Months (n=40) Male 6-7 Months (n=50) Female 6-7 Monthsg(sr:/=50) Male 8-9 Months g;/&'ﬂ) Female 8-9 Months (n=50) Pig Agein Months 2 3 4 5 6 7 8 9 10 11 12
Chemistry Mean sD 95% Reference Mean SD 95% Reference Mean sD 95% Reference Mean sD 95% Reference Mean SD 95% Reference Mean SD Referet;rce Mean SD Refere:\ce Mean SD 95% Reference Acute Study (14 days)
Parameters Range Range Range Range Range Range Range Range
Miniature swine is a viable option as a non-rodent test system for studies to BUN (mg/dL) | 152 | 53 | 641 | 229 | 182 | 32 | 13 | 25 | 139 | 39 | 8 22 | 148 | 27 | 99 [ 19 | 136 | 33 | 69 | 202 | 143 | 34 | 75 [ 211 | 13.7 | 49 | 3.9 | 234 | 16.1 | 2.4 | 11.3 | 20.9 Acute Study (30 days)
: : : CRE(mgidL) | 09 [ 02 [ 05 [ 13 [ 09 [o02 ] 05 [ 13 11 | 02 | 08 1.5 11 | 01 [ o9 | 13 1.1 01 | 0.8 1.4 11 |02 o6 | 156 [ 11 ] 02 [ o6 | 16 | 13 [ 02 ] 09 | 16 Sub-Chronic Study (3 months)
evaluat.e the Safety_ and efficacy of new (blo?pharmacgutlcqls. It has long t_)een GLU (mg/idL) | 97.8 | 165 [ 714 [137.6 | 883 [ 102 [ 705 [108.8 [ 845 [125] 659 | 1085 | 76.9 | 156 | 56 | 102.2 | 102.0 [ 29.0 | 439 | 160.1 | 785 [ 16.3 [46.0 | 111.1 [ 96.0 [ 235 [ 49.1 [ 1429 [ 78.7 [ 164 | 458 | 1116 ,
recogmzed that pigs share many anatomical, phys|o|og|ca|, and functional Na (mEq/L) 1443 | 27 | 139 [ 1491 [ 1436 | 43 [ 1361 | 151 | 1434 | 31 [ 1389 | 150 | 144 | 19 | 141 | 1471 | 1437 | 97 [ 1242 | 1632 | 1386 [ 138 [111.0| 1662 [141.2]| 54 [130.3] 152.0 [ 144.1 | 3.1 [ 138.0 [ 150.2 Chronic Study (3 months) [_
s . . , . : K (mEq/L) 50 | 07 | 46 | 71 | 64 [ 07| 5 78 | 58 |08 43 [ 71 6 08 [ 48 [ 73 56 | 08 [ 4.1 72 | 57 [07 |44 71 [55] 10 [ 36 [ 75 [ 61 [ 06 [ 48 [ 74 Acclimation [l Dosing
similarities with humans, and miniature swine are easily managed in a laboratory Cl (mEq/L) 1023 | 1.8 | 99 | 106 | 1029 | 27 | 98 | 1079 | 1011 | 23 | 96 | 104 | 1035| 2.3 | 100 | 107 | 1014 | 65 | 884 | 1145 | 994 | 81 | 831 | 1156 | 996 | 4.4 | 90.8 | 1085 | 101.9 | 21 | 97.6 | 106.2
setting. There are several lineages of miniature swine that are purpose-bred for  [APWLfoe¢ 26 6o a5 ess |05 ss 1 [are |"es [sw |3 | oe2 | ebo | ies[o2a | "soa | so2 o7 | ais [0 | s [ed s o foos |7 00 [aai oo [s 0 [woe | o
biomedical research. The Hormel Institute developed the Sinclair Miniature AST (U/L) 321 | 7.7 21 47 | 309 | 8.7 19 518 | 277 | 75 18 432 | 281 | 57 | 176 | 38 544 | 576 | 0.0 | 169.6 | 299 | 138 | 24 | 574 | 450 | 427 | 0.0 | 1305 | 35.7 [ 320 | 0.0 | 99.7 g ]
: : ST - G ey “ TBIL (mg/dL) | 0.15 | 006 | 01 | 029 [ 013 [005] 01 [ 02 [ 0.13 [0.05] 0.1 0.2 0.1 0 [o01] o1 0.2 01 | 00 [ 03 [ 01 [ooJoo ] 02 [o02] 01 [o1] 03] 02 o1] 00 03
Swine in 1949. This lineage is also known as the "Minnesota Minipig” or "Hormel DBIL (mg/dL) | 0.03 | 002 | 0 | 0.05 | 0.03 | 0.01 ] 0.01 | 004 | 0.03 ]| 001 ] 002 | 005 | 003 | 004 | 0 | 01 01 | 01 | 00 | 03 | 00 | 00| 00] 01 ] 00| 00 | 00| 01 | 00 | 00 | 00 | 04 RESULTS
Minipig” and is one of the background Iineages used to develop the G@ttingen CK (U/L) 370 [193.7 | 113 | 718 | 390.8 |213.6| 165 | 828.8 | 454.7 |274.8| 1753 | 1246.1 | 283.8 | 116 | 156 | 541.3 | 486.0 | 550.1 | 0.0 | 1586.2 | 505.1 [733.7| 0.0 |1972.6(499.3| 617.7 | 0.0 |[1734.7| 612.3 |727.8| 0.0 |2067.9
L ® : : . ® . ) L : GGT (U/L) 443 | 9 [ 272 [ 589 [ 461 [ 115] 264 [ 708 | 445 [ 95 | 29 | 631 | 483 | 105 [299 | 663 | 1929 [ 3478 | 00 | 8885 | 40.1 [ 135 [13.1 [ 67.2 [131.1[178.8 | 0.0 [ 4886 | 494 [17.4 | 146 | 84.2 _ _ _ . ® _ _
minipigs®. The Sinclair Nanopig® was created from the Sinclair miniature swine TP (g/dL) 62 | 06 | 51 | 71 | 61 | 04| 54 | 68 | 66 | 04| 59 | 73 | 62 | 02 | 58 | 67 | 66 | 05 | 55 | 7.7 | 62 | 08 | 46 | 79 | 70 | 06 | 57 | 82 | 68 | 05 | 58 | 77 Body weight data demonstrated that when the Sinclair Nanopig® is maintained
: : _ : : : ALB (g/dL) 41 [ 04 | 31 [ 48 | 39 [ 03[ 35 | 44 | 42 [ 03[ 38 | 47 4 02 [ 35 [ 43 4.0 05 [ 30 [ 5.1 37 |09 [ 19 ] 54 [ 51 84 [00 [ 220 [ 37 [o08 ] 21 [ 53 _ R : :
(Sinclair S 1) through a concertgd effort that |pvolved selectlyg pregdlng fc?r O T R I 7 R I LT B T R 1 T T B T B I B T B B /BT BT T I B e YO IR I TR on a low-fat, high-fiber diet, body weight measurements are close to those of a
smaller size and controlled feeding of a high-fiber, low-fat minipig diet. This A\G ratio 18 | 04 | 12 [ 27 [ 18 [04 [ 11 [ 24 | 17 [o04 ] 1 24 | 18 [ 03 [12 ] 22 | 17 [ 05 | 07 | 26 [ 15 [ 05 [05 | 25 [ 14 [ 04 |05 | 23 | 13 |04 | 04 | 22 beagle dog. Hematology and serum chemistry data from each age group were
. . , : . AMY (U/L) 1044.3] 250.5 | 678.1 [1534.5] 930.3 [228.1] 591 [1462.3] 1015.3 [266.8] 586.8 | 1511.7 [ 972.9 [ 195.4 [643.6] 1349.3 | 1075.1 | 531.3 | 12.4 [ 2137.8 [ 917.1 [293.7[329.8[1504.5[959.2| 269.2 [420.8[1497.6 | 972.8 [242.7] 487.3 [1458.2 : L o
resulted in a miniature swine model comparable in body weight to a beagle dog, Ca (mg/dL) 13 | 06 | 105 | 125 | 114 | 05 | 103 | 123 | 111 | 05 | 104 | 123 | 108 | 05 | 101 | 117 | 112 | 08 | 96 | 129 | 105 | 1.7 | 72 | 139 | 112 | 06 | 100 | 124 | 111 | 06 | 98 | 124 analyzed to obtain the mean, standard deviation, and 95% reference range. All
i i ' i i ili=i i PHOS (mg/dL) | 81 | 08 [ 63 [ 93 | 81 [ o6 [ 7 93 | 81 [o09 ] 68 | 97 75 | 05 [ 65 ] 83 7.8 09 | 60 | 97 71 [ 10 [ 51 ] 90 [ 74 ] 09 [ 57 ] 92 [ 73 [ 04| 64 | 81 A : P
which mltlgates_ prewous. challenges associated with UtIIIZI_ng swine models for CHOL (mg/dL) | 949 | 248 | 511 [ 129.7 [ 1055 [ 29.8 | 62.3 | 160.9 | 103.2 [ 19.8 | 67 | 1382 | 924 | 129 [ 685 | 1132 | 949 | 247 [ 454 | 1443 [100.2 [ 24.8 [ 50.6 [ 149.0 [ 82.3 | 144 [ 535 [ 111.1 [ 1276 [ 282 | 71.2 | 184.0 d_ata ((?Imlcal and ana.to_mlc pathology) were then Compare_d to that of the original
standard pre-clinical studies, namely the amount of test articles needed for IND- TRIG (mg/dL) | 438 | 15 | 237 | 794 | 425 | 158 | 221 | 818 | 341 | 117 | 18 | 592 | 332 | 93 | 189 | 541 | 433 | 179 | 75 | 791 | 433 | 17.8 | 7.7 | 789 | 375 | 128 | 11.9 | 631 | 467 | 201 | 65 | 86.9 Sinclair S-1. The majority of the hematology, serum chemistry, and ECG data of
enabling studies. Downsizing of the Sinclair S-1 did not involve any genetic LDH (U/L) 513.5 | 126.7 [ 287.7 | 753 [ 526.6 | 63.8 [ 427 [ 666 | 3974 [68.2 | 263 | 489.3 [497.2 [ 66.2 [371.9] 636.6 | 4004 | 117.9 | 164.6 | 636.1 | 424.4 | 99.2 [226.1] 622.7 [454.2] 252.1 | 0.0 [ 958.3 [ 496.2 [286.3] 0.0 [1068.8 the Sinclair Nanopig® overlaps with that of the original Sinclair S-1 lineage. No
manipulations to the lineage. Thus, the background data established in the differences in ophthalmological findings were observed between age groups or
Sinclair S-1 miniature swine remains highly relevant for the downsized Sinclair Table 3. Ophthalmology Findings Table 4. ECG Parameters between males and females, consistent with findings from other lineages. The
Nanopig®. However, as the request for the Sinclair Nanopig® in nonclinical drug —— : Lo " ——— comparison of the pathology data demonstrates findings comparable to those of
development continues to increase, it remains ever important to continue to Parameter Gottingen minipigs®
! Discharge 148 80 (54%) 79 (53%) )
] ] [l [l ® [l - M-
generate a robust database of background data in the Sinclair Nanopig® itself. Discharge 2 e 22 (15%) 24 (15%) — - o l o o v s i
SRR e D) BB RR (msec) 672.8 144.8 389.9 998.0 614.6 95.1 381.7 833.9 C o N C L U S I O N
Corneal Opacity 148 1 (1%) 0 PR (msec) 99.6 12.0 87.1 1332 97.8 14.4 79.3 185.1 This data demonstrates consistency in the background data within the Sinclair
METHODS QRS (msec) 576 86 388 720 263 14 1T 27 S-1 lineage after downsizing the animal to the Nanopig. Comparison with data
QT (msec 268.6 33.5 212.7 344.4 255.3 18.4 194.7 295.1 f th iniat : i d trates that the Sinclair N . ®
Venous blood samples were obtained from both male and female Sinclair QT [Fiderca 2080 s rea 0 o s o1 6 s i 2195 romg)l ertr.nlnlartljre swm_ed IN€ages _?”;0”5 ra_is mad Ief r'”Cfa;r a”OP'SrJn :{
Nanopigs® from the following age groups: 2-3, 4-5, 6-7, 8-9, 10-11, and >12 a viable option when consiaering a miniature swine model Tor sately assessme
months. Standard panels for hematology and serum chemistry, consistent with Table 5. Pathology Findings studlgs ar_ld IS cor.n%a.rable with other commonly usgd lineages. '!'he weight of
those performed for toxicology studies, were generated using GLP-validated the Sinclair Nanopig® is closer to a beagle dog, especially when adjusted for age
equipment. Electrocardiography (ECG) and ophthalmology examinations were Gross Pathology (n=25): No gross findings were identified at necropsy to mqtch whgn sexual maturity begins, and the age at which dosing for IND-
conducted for male and female Sinclair Nanopigs® at 3, 4-5, 6-7, and over 9 = . enabling studies most often occurs.
- . . Microscopic Findings (n=25): Incidence: omparison:
monthS Of age' A poard-certlfl_ed Veterlnary OphthaImOIOQISt performed the Mononuclear cell infiltrates High incidence in larynx (25/25) and kidney (21/25), often accompanied by renal tubular degeneration. Common per INHAND: Nonproliferative and Proliferative Lesions of the
ophthalmology examinations using a portable slit-lamp biomicroscope and a Minipig. (Skydsgaard, 2021) REFERENCES
. . . . Low incidence (<4/25) noted in lung (peribronchialoar), brain (perivascular), liver, salivary glands, skin, and L o o .
binocular indirect ophthalmoscope for the posterior segment. ECG leads |, I, llI, adrenal glands. - Background Data. Ellegaard Géttingen Minipigs A/S. https://minipigs.dk/about-gottingen-
aVR, aVF, and aVL were CO”eCted, and the fO”OWing VariableS were derived: Mineralization in the pituitary gland High incidence (17/25) of minimal multifocal Common per INHAND. (Skydsgaard, 2021) minipiqs/bacquound-data
heart rate PR_interval QT_intervaI QRS-intervaI ST-intervaI’ P-Wave’ and T- Testes background changes Low incidence (3/23; 13%) of hypospermatogenesis or degeneration/atrophy consistent with unilateral Common per INHAND. (Skydsgaard, 2021) ‘ Bouchard et al (2021) I\_/“n_lature Swine Book of Normal Data 2021. Sinclair Bio Resources,
T ’ ’ T ] O _ _ _ atrophy/degeneration of testis (prostate and contralateral testis mature/peripubertal). (Up to 50% incidence in Géttingen Minipigs.) LLC. https://info.sinclairbioresources.com/book-of-normals
wave duratlons. The rhythm was also carefully reviewed for irregularities and (Suer:(i:laalrrr:il)t,urltyalsoassessed:21 mature (bilateral), 1 mature/immature « Gottingen Minipigs. (2018) Reference Data Guide. Marshall BioResources.
arrhythmia. The pathology data were generated from a group of 25 young adult 1 peripubertal. https://www.marshallbio.com
male SinCIair Nanopigs®. Retained cartilage cores High incidence (18/24) of was observed in the sternum/rib but not long bones. Not mentioned in INHAND ° Skydsgaard et al. (2021)_ International Harmonization of Nomenclature and Diagnostic Criteria

(INHAND) Nonproliferative and Proliferative Lesions of the Minipig. Toxicologic Pathology
Volume 49, Issue 1, Pages 110-228. https://doi.org/10.1177/0192623320975373
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