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Abstract: 25 

The 129 mouse strain is commonly used for the generation of genetically engineered 26 

mice (GEM). Genetic drift or accidental contamination during outcrossing has resulted 27 

in several 129 substrains. Comprehensive data on the spontaneous age-related 28 

pathology exist for the 129S4/SvJae substrain, whereas only limited information is 29 

available on the disease spectrum of other 129 sublines. This longitudinal aging study 30 

describes the lifespan and spontaneous lesions of 44 male and 18 female mice 31 

belonging to the 129S6/SvEvTac substrain. Median survival time was 778 and 770 32 

days for males and females, respectively. Tumors of lung and Harderian gland were 33 

the most common neoplasms in both sexes. Hepatocellular tumors occurred mainly in 34 

males. Hematopoietic tumors were observed at low frequency. Suppurative and 35 

ulcerative blepharoconjunctivitis emerged as the most common nonneoplastic 36 

condition in both sexes. Corynebacterial species (primarely C. urealyticum and C. 37 

pseudodiphtheriticum) were isolated from animals affected by blepharoconjunctivitis 38 

and in some cases from unaffected mice. A clear causal association between 39 

Corynebacterium spp. infection and blepharoconjunctivitis could not be inferred. 40 

Polyarteritis occurred only in males and was identified as the most common non-41 

neoplastic contributory cause of death. Eosinophilic crystalline pneumonia occurred in 42 

both sexes and was identified as a relevant cause of death or co-morbidity particularly 43 

in males. Epithelial hyalinosis at extrapulmonary sites was noted at higher frequency 44 

in females. This study contributes important data on the spontaneous age-related 45 

pathology of the 129S6/SvEvTac mouse substrain and may represent a valuable 46 

reference for the evaluation of the phenotype in GEM obtained with this 129 substrain. 47 
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Introduction 60 

 61 

Each inbred laboratory mouse strain exhibits a unique spectrum of naturally occurring 62 

lesions that develop progressively with age. Crosses of different strains usually result 63 

in variations of the original strain-specific phenotype which include vanishing, 64 

attenuation or exacerbation of expected lesions or even development of completely 65 

new conditions.18,68 In this context, an accurate definition of strain-specific pathology 66 

in those inbred mice that are most frequently used in biomedical research [especially 67 

for the generation of genetically engineered mice (GEM)] is crucial to understand 68 

whether a phenotype results from the experimental intervention or rather reflects a 69 

naturally occurring entity.3,51,59 In addition, longitudinal survival studies determining the 70 

aging phenotype of inbred strains are particularly important as they provide a useful 71 

reference that enables the selection of the most appropriate genetic background for 72 

specific experiments and facilitates the interpretation of clinicopathological changes 73 

developed in long-term studies.3,42,68 74 

Thorough and comprehensive pathological analysis of inbred strains is important not 75 

only for interpreting lesions in the setting of hypothesis-driven research but also for 76 

identifying via large-scale forward genetic screens novel phenotype-genotype 77 

correlations that can be biologically relevant to model specific aspects of human 78 

diseases.41 This concept holds particularly true for the analysis of aging populations 79 

where inbred mice provide a unique experimental tool because of their genetic 80 

homogeneity, short life span and the large availability of advanced technologies and 81 

comprehensive databases for studying mouse genome and phenome.59 In this context, 82 

there are already several examples where the identification of genetic traits underlying 83 

specific age-related disorders in inbred mice have been successfully translated into 84 



clinic proving that similar conditions in humans and mice share common 85 

pathomolecular landscapes.41,49,59,71 86 

Targeted mutagenesis in mice still represents one of the most powerful tools to 87 

investigate the genetic basis of diseases. This strategy has made extensive use of the 88 

129 mouse strain as reference source of embryonic stem (ES) cells.3,50,51,68 Although 89 

several mouse lines are grouped under the 129 umbrella, there is a high degree of 90 

genetic variability among these different substrains as a result of either genetic drifting 91 

or accidental genetic contamination during outcrossing.3,50,56,63,64,68 The conundrum 92 

associated with this heterogeneous genetic makeup prompted a thorough re-93 

classification of the 129 mouse based on substrain identification and definition in terms 94 

of microsatellite markers.56 However, the description of specific phenotypic traits 95 

associated with each of these substrains is far from being completed. In this context, 96 

studies that systematically address the aging phenotype (including the full 97 

characterization of the pathology of aging) are restricted to few investigations 98 

conducted on 129S4/SvJae mice.3,20,68 From these studies, eosinophilic crystalline 99 

pneumonia and nephropathy clearly emerged as common non-neoplastic disorders 100 

and important cause of death/contributing cause of death (COD/CCOD).3,20,68 101 

Pulmonary, hepatic and Harderian gland tumors were also identified as frequent 102 

neoplastic conditions and important COD/CCOD as well.3,68 103 

As comprehensive observations are limited to the 129S4/SvJae mouse, it is currently 104 

unclear to what extent the genetic variability existing among the diverse 129 mouse 105 

substrains impacts on spectrum, latency, frequency and severity of age-related 106 

pathology. While a number of background disorders may be equally represented over 107 

several sublines, major phenotypic differences are expected. Further supporting this 108 

notion, distinctive causes of morbidity and/or mortality appear to be more frequently 109 



(or exclusively) described in specific substrains of the 129 mouse while exceedingly 110 

rare (or non-existent) in the 129S4/SvJae mouse. The 129P3/J (129/J) line appears to 111 

have an increased proclivity for the development of chronic progressive 112 

blepharoconjunctivitis.57,60 A variety of opportunistic bacteria (e.g. Corynebacterium 113 

spp. and Pasteurella pneumotropica) have been also associated with this condition 114 

although their actual pathogenetic role is still matter of controversy.60 In a recent study, 115 

bilateral obstructive hydronephrosis resulting from cystinuria and subsequent 116 

urolithiasis has been identified as the major cause of death in the 129S2/SvPasCrl 117 

mouse. It was then demonstrated that this substrain carries a single pathogenic 118 

mutation in the Slc3a1 gene which encodes for a subunit of the amino acid transporter 119 

present along the brush border of the proximal renal tubules. The resulting loss of 120 

function of the transporter is pathogenetically linked to the high frequency of 121 

kidney/urinary bladder stones observed in this mouse line. Interestingly enough, 122 

mutation of the ortholog gene is responsible for the same autosomal recessive disorder 123 

in humans.26 124 

In this work, we report the results of a longitudinal survival study conducted on 62 125 

129S6/SvEvTac mice (18 females and 44 males). The investigation aimed at 126 

determining several important biological features of this inbred mouse strain including 127 

major clinical manifestations, longevity (life span), spectrum of spontaneous lesions 128 

and contributing causes of morbidity and/or mortality. 129 

 130 

Materials and Methods 131 

 132 

Animals and husbandry 133 

 134 



A total of 18 female and 44 male 129S6/SvEvTac mice housed in a conventional facility 135 

were considered in this study. Animals were individually identified by means of ear tags 136 

(Small Animal Ear Tag, National Band & Tag Co., USA) and were multiply housed (up 137 

to five mice) in open polycarbonate cages (Mod. 1144B, Tecniplast, Italy) on dust-free 138 

wood litter (Lignocel® 3⁄4; Rettenmaier & Sohne, Ellwangen-Holzmühle, Germany). 139 

Standard not-autoclaved rodent diet (Teklad 2018 Global 18% Protein Rodent Diet, 140 

Harlan Teklad Diets, Madison, WI) and tap water were provided ad libitum. 141 

Environmental conditions were controlled with a temperature of 22°C ±2 and a 55% 142 

±10 relative humidity. A 12/12 hours light/dark cycle with the light phase from 7:00 to 143 

19:00 was applied. Mice were included in a health monitoring program developed in 144 

accordance with the Federation of European Laboratory Animal Science Associations 145 

(FELASA) guidelines. The colony tested positive for Pasteurella pneumotropica, 146 

Entamoeba sp., Tritrichomonas sp., Aspiculuris tetraptera, Syphacia obvelata and 147 

Myobia musculi whereas it was free from the following viral and bacterial pathogens: 148 

mouse hepatitis virus, mouse parvovirus, minute virus of mice, pneumonia virus of 149 

mice, Sendai virus, Theiler’s murine encephalomyelitis virus, ectromelia virus, Hantaan 150 

virus, lymphocytic choriomeningitis virus, mouse rotavirus, Bordetella bronchiseptica, 151 

Citrobacter rodentium, Clostridium piliforme, Corynebacterium kutscheri, Leptospira 152 

sp., Mycoplasma sp., Salmonella sp., Streptobacillus moniliformis, ß-hemolitic 153 

Streptococcus, Streptococcus pneumoniae. Procedures involving animals were 154 

performed in accordance with the Italian Laws (D.L.vo 116/92 and following additions), 155 

which enforced EU 86/609 Directive (Council Directive 86/609/EEC of November 24, 156 

1986, on the approximation of laws, regulations, and administrative provisions of the 157 

member states regarding the protection of animals used for experimental and other 158 

scientific purposes). 159 



 160 

Animal clinical monitoring 161 

 162 

In this longitudinal survival study, mice were allowed to live indefinitely. Animals 163 

showing signs of advanced disease or terminal conditions were sacrificed with carbon 164 

dioxide (CO2) asphyxiation and submitted for pathological examination. Complete 165 

pathological examination was also performed on the few mice that died spontaneously. 166 

Two levels of clinical examination were routinely conducted on the animals considered 167 

in this study: (i) daily visual inspection performed by animal caretakers with the purpose 168 

of identifying major behavioral and/or clinical abnormalities; (ii) thorough clinical 169 

examination performed monthly and before the sacrifice by a certified laboratory 170 

animal veterinarian which included a careful observation of mice in their home cage 171 

followed by hands-on physical inspection. 172 

 173 

Pathological examination 174 

 175 

Sacrificed or spontaneously dead animals were submitted to the Department of 176 

Veterinary Sciences and Public health of the University of Milan (Milan, Italy) for 177 

complete end of life (EOL) pathological assessment including necropsy with dissection 178 

and histological examination of the following organ and tissues: brain, heart, kidneys, 179 

liver, lung, pancreas, small and large intestine, stomach, spleen, skeletal muscle 180 

(quadriceps femoris) skin of the dorsum, skin from the inguinal region including 181 

mammary gland, a portion of the vertebral column including spinal cord, sternum, 182 

testes with epididymis (males), ovaries and uterine horns (females), trachea, 183 

esophagus, and any additional organ/tissue showing macroscopically detectable 184 



changes. Both eyes were excised in toto including Harderian glands, eyelids and 185 

conjunctiva and collected for fixation in Davidson’s fluid as previously described.24 All 186 

the other samples were immersion-fixed in 10% neutral buffered formalin, routinely 187 

processed for paraffin embedding, sectioned at 5 µm and stained with Hematoxylin 188 

and Eosin for histopathological examination. Serial sections obtained from 189 

representative lesions were also immunostained as detailed in the Supplemental Table 190 

1. In addition, Giemsa and Gram stains were also performed on selected cases. 191 

Sternum and vertebral column were decalcified in a 14% solution of Tetrasodium EDTA 192 

for 10 days before processing and paraffin embedding. 193 

 194 

Statistical analysis 195 

 196 

Statistical analyses were performed using Graph Pad Prism version 5.0 (GraphPad 197 

Software, San Diego, CA). Comparisons of survival between males and females was 198 

made by using Kaplan-Meier survival curve analysis. The log-rank (Mantel-Cox) test 199 

was used to assess the difference between survival curves. The incidence of non-200 

neoplastic and neoplastic lesions between males and females was compared using 201 

the Fisher’s exact test. P values < 0.05 were considered statistically significant. 202 

 203 

Results 204 

 205 

Longevity (life span) 206 

 207 

Age range for the entire mouse population considered in this study was 212 to 1160 208 

days with females ranging between 212 and 932 days and males ranging between 292 209 



and 1160 days. Estimated median survival time was 770 days for the entire mouse 210 

population, 770 days for females alone and 778 days for males alone with no significant 211 

difference between genders (Fig. 1). 212 

 213 

Clinical findings and EOL assessment 214 

 215 

Daily visual monitoring proved to be an essential measure to prevent early censoring 216 

for nonfatal but readily observable lesions (such as external masses or lesions 217 

affecting eyes, skin and perineal/genital region) and to prevent loss of pathology data 218 

due to unexpected death and postmortem degeneration (autolysis). 219 

Frequencies of the major categories of clinical signs/abnormalities as recorded during 220 

the last physical examination before euthanasia or, in a few cases, spontaneous death 221 

are reported in Table 1. Ocular lesions consistent with blepharitis/blepharoconjuctivitis 222 

and abdominal distension emerged as the most prevalent clinical findings encountered 223 

in both sex groups [33/44 (75%) for males and 12/18 (67%) for females] and in female 224 

alone (12/18, 67%), respectively. These 2 entities, as well as other categories of 225 

nonfatal lesions including external masses or abnormalities of skin and perineal/genital 226 

region, were always associated with one or more of the following clinical signs 227 

suggestive of imminent death: (i) severe locomotor impairment, (ii) 228 

hyporesponsiveness to stimuli, (iii) slow or labored respiration, (iv) poor body 229 

condition/emaciation and (v) hunched posture. 230 

 231 

Spectrum of pathology 232 

 233 



Neoplastic lesions. Spectrum and frequency of neoplastic lesions are summarized in 234 

Table 2. 235 

Epithelial neoplasms of Harderian gland emerged as the predominant tumor type 236 

within the study population (30/62, 48%) being the most frequent and the second most 237 

frequent neoplastic lesion affecting males (24/44, 54%) and females (6/18, 33%), 238 

respectively. In a proportion of cases (8/30, 27%), multicentric tumor development with 239 

bilateral involvement of both glands was observed. Females showed a higher 240 

prevalence of malignant tumors (4/6, 67%) when compared to males (6/24, 25%). 241 

Adenocarcinomas were characterized by local invasion of the soft orbital tissues with 242 

occasional extension to skull/brain and metastatic dissemination to the lungs (Figs. 2-243 

4). Multifocal findings of myoepithelial differentiation were not uncommon in both 244 

adenomas and adenocarcinomas. However, frequency of this latter observation has 245 

not been consistently recorded. 246 

Epithelial neoplasms of the bronchiolar/alveolar compartment (Figs. 5, 6) represented 247 

the second most common tumor category encountered within the study population 248 

(29/62, 47%) being the most frequent and the second most frequent neoplastic lesion 249 

affecting females (11/18, 61%) and males (18/44, 41%), respectively. Malignant 250 

lesions accounted for about 1/3 of the total cases of primary epithelial tumors in both 251 

genders. Adenocarcinomas were usually characterized by their large size, invasive 252 

nature, evidence of intratumoral necrosis and features of clear cytoarchitectural atypia 253 

(Fig. 6). Multicentric lesions were commonly observed although the frequency of this 254 

finding has not been consistently recorded. 255 

Hepatocellular tumors also exhibited a relatively high prevalence within the study 256 

population (18/62, 29%) with males more affected than females [15/44 (34%) for males 257 

and 3/18 (17%) for females]. In addition, malignant lesions (Fig. 7) accounted for more 258 



than 1/3 of the total cases of hepatocellular tumors in males whereas only benign 259 

lesions were observed in females. 260 

Uterus (together with the Harderian gland) represented the second most common site 261 

of tumor development in females with 6 out of 18 (33%) affected animals. Tumor 262 

spectrum in this organ was heterogeneous including 3 sarcomas arising from the 263 

endometrial stroma and single cases of endometrial adenocarcinoma, hemangioma 264 

and leiomyoma. 265 

Prevalence of hematopoietic malignancies within the study population was relatively 266 

low (8/62, 13%). By the time of necropsy, all the hematopoietic tumors have reached 267 

an advanced stage of development showing multicentric growths and/or dissemination 268 

to multiple organs and tissues. A total of 5 lymphomas (4 occurring in males and 1 in 269 

females) were observed. Immunohistochemical characterization of the lymphoid 270 

neoplasm affecting the female mouse indicated the development of a histiocyte-271 

associated B cell lymphoma. Two histiocytic sarcomas were observed in one animal 272 

per sex. The tumor noted in the male mouse was characterized by a mass at the level 273 

of the epididymis, with extensive dissemination to lungs, spleen, liver, kidneys, lymph 274 

nodes and bone marrow (Supplemental Figs. 1-3). The case observed in the female 275 

arose in the uterus with local spread to the mesovarium and was characterized by 276 

massive necrosis of the affected tissues. Immunohistochemistry for F4/80 and IBA1 277 

confirmed the histiocytic origin of these neoplasms (Supplemental Figs. 2, 3). Lastly, a 278 

single case of mast cell sarcoma was recognized in a male subject. The tumor 279 

displayed a very aggressive nature with a large subcutaneous mass (most likely 280 

representing the primary site of development) and massive involvement of lungs, 281 

spleen, liver, kidneys, lymph nodes, bone marrow and skin. Giemsa stain of 282 

representative lesions in different organs and tissues demonstrated a prominent 283 



granular metachromasia in the cytoplasm of neoplastic cells confirming the mast cell 284 

nature of the tumor (Supplemental Fig. 4). 285 

Other tumor categories occurred with a very low frequency both in males and in 286 

females. Notably, 3 cases of brain ependymoma were described in males. All the 287 

reported lesions showed a clear periventricular distribution and focal continuity with the 288 

ependymal lining in at the level of the foramina of Monro/third ventricle. 289 

Microscopically, ependymomas consisted of tumor cells arranged in pseudorosettes 290 

around a prominent vascular network. All the reported ependymomas displayed 291 

features of malignancy including intratumoral necrohemorragic foci and multifocal 292 

invasion of the surrounding neuroparenchyma. Immunohistochemically, tumors 293 

appeared invariably negative for glial fibrillary acidic protein (GFAP) but exhibited 294 

diffuse vimentin positivity and wide spectrum cytokeratin (WSCK) expression in about 295 

20% of tumor cells. 296 

 297 

Non-neoplastic lesions. Spectrum and frequency of non-neoplastic lesions are 298 

summarized in Table 3. 299 

Blepharitis/blepharoconjunctivitis emerged as the most prevalent non-neoplastic 300 

condition both in males (38/42, 90%) and females (15/16, 94%). Most of the affected 301 

mice (31 males and 15 females) exhibited bilateral eye involvement. Histologically, 302 

different degrees of lesion severity were recognized. Mildest cases showed epidermal 303 

acanthosis and hyperkeratosis of the eyelids associated with crusting of the 304 

mucocutaneous junction and minimal infiltrates of inflammatory cells in the subjacent 305 

dermis/lamina propria. In more severe cases, eyelids and conjunctival mucosa were 306 

involved by suppurative inflammation often accompanied by mucocutaneous 307 

erosion/ulceration (Figs. 8, 9). A statistically significant association was not identified 308 



for the concurrent development of blepharoconjuctivitis and Harderian gland tumor. In 309 

a large proportion of cases (19 males and 11 females), Gram staining disclosed the 310 

presence of positive bacteria in the form of short and occasionally curved rods. Gram-311 

positive bacteria were frequently noted in association with the keratin debris 312 

accumulating along the eyelid rim (Fig. 9). As detailed in the Supplemental results and 313 

Supplemental Table 2, follow-up clinicopathological and microbiological investigations 314 

were conducted to define nature and role of Gram-positive rods often described in 315 

association with blepharitis/blepharoconjunctivitis. 316 

Accumulation of eosinophilic crystals in the lumen of bronchi/bronchioles and alveoli 317 

represented the second most common non-neoplastic lesion encountered in both 318 

males (30/44, 68%) and females (13/18, 72%). Eosinophilic crystalline pneumonia 319 

(ECP), formerly known as acidophilic macrophage pneumonia, was also identified as 320 

highly frequent non-neoplastic lesion affecting up to 60% of mice in both sex groups. 321 

Pulmonary accumulation of eosinophilic crystals and ECP were often accompanied by 322 

hyalinosis of bronchial/bronchiolar epithelium (Figs. 6, 10). Other organs and tissues 323 

exhibiting epithelial hyalinosis were, in order of frequency, glandular mucosa of the 324 

stomach [recorded in 4/44 (9%) males and 4/18 (22%) females], gall bladder/bile ducts 325 

[recorded in 3/44 (7%) males and 3/18 (17%) females], transitional epithelium of renal 326 

pelvis [only detected in 2 out of 18 females] and pancreatic ducts [only detected in 1 327 

out of 44 males] (Supplemental Figs. 5-7). Based on these findings, the frequency of 328 

epithelial hyalinosis affecting extrapulmonary sites resulted significantly higher in 329 

129S6/SvEvTac females. Lastly, regardless of the sex of affected animals or type of 330 

tissue involved, hyalinosis was consistently accompanied by different degrees of 331 

epithelial hyperplasia and inflammatory cell infiltrates with a prominent eosinophilic 332 

component (Supplemental Figs. 5-7). 333 



Non-neoplastic lesions affecting the cardiovascular system were also highly 334 

represented in the aging mouse cohort considered in this study. Progressive 335 

cardiomyopathy was observed in more than 50% (33/62, 53%) of the examined mice 336 

with males slightly more affected than females. Early myocardial lesions consisted of 337 

individual cardiomyocyte degeneration and necrosis. In more severe and chronic 338 

cases, cardiomyocyte degeneration and necrosis was accompanied by interstitial 339 

fibrosis and infiltration of mononuclear inflammatory cells (Supplemental Fig. 8). 340 

Polyarteritis also exhibited a relatively high frequency within the male population 341 

(15/44, 34%) whereas females mice were completely unaffected. The condition was 342 

characterized by a combination of necrotizing and/or proliferative inflammatory 343 

changes segmentally affecting the tunica media of small to mid-sized arteries in several 344 

tissues including heart, pancreas, spleen, kidneys, gastrointestinal and reproductive 345 

tracts (Fig. 11). 346 

The female genital tract represented another major site of non-neoplastic lesions 347 

development. The uterus of more than 70% (12/17) of the examined females presented 348 

degenerative and proliferative changes compatible with cystic endometrial hyperplasia 349 

(Fig. 12). Angiectasis and thrombosis of myometrial/endometrial blood vessels and 350 

suppurative metritis/pyometra also emerged as highly frequent uterine lesions being 351 

observed in about half of the females (Fig. 12). In addition, peritonitis was identified as 352 

a lethal complication of suppurative metritis/pyometra in 4 females. 353 

Fibro-osseous lesion was another relatively frequent non-neoplastic change that was 354 

almost exclusively observed in females (7 out of 17 affected females with only 1 case 355 

in over 44 males). Lesions, mainly affecting epiphyseal/metaphyseal extremities of 356 

long bones, were characterized by irregular proliferations of dense fibrovascular tissue 357 

with extensive effacement of bone marrow and osteoclastic trabecular bone resorption. 358 



More advanced cases displayed a clear osteosclerotic progression of the initial 359 

fibroproliferative changes with original bone marrow lacunae almost completely 360 

obscured by thick bony trabeculae (Supplemental Fig. 8). 361 

Other minor changes that were reported with a significantly higher frequency in the 362 

female group included foci of extramedullary hematopoiesis in the liver, increased 363 

extramedullary hematopoiesis in the splenic red pulp, lymphoid depletion affecting the 364 

splenic white pulp, reactive myeloid hyperplasia of the bone marrow and plasmacytosis 365 

in the lymph nodes. 366 

Minimal to mild infiltrates/foci of inflammatory cells were detected in a wide range of 367 

tissues being the most frequent non-neoplastic changes observed in the liver of males 368 

(19/44, 43%) and kidneys of both genders [22/43 (51%) for males and 13/18 (72%) for 369 

females]. 370 

Ovaries and lower urogenital tract including urinary bladder and most of the male 371 

accessory sex glands were not consistently analyzed histologically or sometimes 372 

comprised in the evaluation only when affected by grossly detectable changes. In this 373 

context, the real prevalence of the different lesions observed in these organs and 374 

tissues cannot be inferred with accuracy. 375 

 376 

COD/CCOD 377 

 378 

Major contributory causes of morbidity and death are summarized in Table 4. A single 379 

tumor was identified as the major cause of death in 11 males and 4 females. 380 

Hematopoietic tumors were the most common neoplastic conditions noted as single 381 

major COD in males, followed by hepatocellular and gastrointestinal tumors. One male 382 

succumbed to an anaplastic metastatic tumour apparently arising from a testicle. 383 



Immunohistochemistry failed to support a definitive classification of this neoplasm. 384 

Tumours identified as single major COD in females included an adenocarcinoma of 385 

the Harderian gland characterised by invasion of the skull and brain and metastatic 386 

dissemination to the lungs, a hemangiosarcoma arising in the skin of the tail with 387 

pulmonary and hepatic metastases, an adenoma of the pituitary pars distalis and a 388 

lymphoma with multisystemic dissemination. 389 

Polyarteritis represented a major CCOD in 6 males. Eosinophilic crystalline pneumonia 390 

was identified as single COD in 4 males and 2 females. Urologic syndrome was found 391 

as COD in 2 males and represented a significant co-morbidity in another male. 392 

Peritonitis resulting from suppuration and necrosis of seminal vesicles was considered 393 

as primary COD in an additional male. Suppurative metritis/pyometra, in most cases 394 

with associated peritonitis, was confirmed as cause of death in 4 females. Two males 395 

and 2 females died because of sepsis (Supplemental Fig. 9). Megaesophagus was 396 

identified as primary COD in 1 male. 397 

In several instances multiple disease conditions were identified as concurrent CCOD. 398 

These included multiple non-neoplastic lesions (in 9 males and 1 female) or concurrent 399 

neoplastic and non-neoplastic conditions (in 7 males and 3 females). In this context 400 

polyarteritis, cardiomyopathy and preputial gland suppurative adenitis/abscessation 401 

were noted as relevant co-morbidities in males (Supplemental Fig. 10). 402 

Megaesophagus was noted as significant co-morbidity in 4 male and 1 female. 403 

Eosinophilic crystalline pneumonia (ECP) was identified as co-morbidity along with 404 

pulmonary adenocarcinoma and other non-neoplastic conditions in 4 males. ECP was 405 

also noted as contributory cause of death in 2 females, in both cases in association 406 

with uterine angiectasis/thrombosis. Presence of a uterine tumour (hemangioma) or 407 

development of sepsis were also considered as significant co-morbidities in these 2 408 



mice. Ependymomas noted in the brain of 3 males were considered as contributory 409 

causes of death, but in all case as co-morbidities associated with concurrent tumors or 410 

non-neoplastic lesions. 411 

In 2 males a contributory cause of death could not be identified on the basis of the 412 

available pathology data. 413 

 414 

Discussion 415 

 416 

In this work we report a longitudinal aging study conducted on 129S6/SvEvTac mice 417 

providing a comprehensive overview of the full spectrum of spontaneous age-related 418 

disorders occurring in 44 males and 18 females. While our study was mainly focused 419 

on defining at pathological level nature and frequency of age-related lesions, other 420 

relevant experimental features including major contributory causes of morbidity and 421 

death, clinical manifestations and longevity (life span) have been also investigated in 422 

detail. 423 

Epithelial tumors affecting Harderian gland and bronchioloalveolar compartment 424 

emerged as the most common neoplastic lesions encountered in both genders. A 425 

striking prevalence of the same tumor categories has been also previously described 426 

by Ward and colleagues in a cohort of aging 129S4/SvJae mice.68 Mouse Harderian 427 

gland and bronchioloalveolar compartment are preferential targets of oncogenic K-ras 428 

and H-ras activity. The correlation between activating K-ras mutations and concurrent 429 

development of epithelial tumors from both locations has been widely documented in 430 

carcinogenicity studies.21,54,55 A role for H-ras oncogene during pulmonary and/or 431 

Harderian gland tumorigenesis has been also demonstrated in spontaneously 432 

occurring cases as well as in transgenic mice overexpressing the human c-Ha-ras 433 



oncogene.5,16,36 Interestingly, proclivity for the development of spontaneous pulmonary 434 

tumors in the 129 mouse appears to be directly linked with a specific pulmonary 435 

adenoma susceptibility 1 (Pas1) haplotype which leads to constitutive overexpression 436 

of K-ras in the lung.7 In this context, it can be hypothesized that an identical or similar 437 

molecular mechanism might be also responsible for the high incidence of Harderian 438 

gland tumors in the same mouse strain. 439 

Similarly to what has been reported for the 129S4/SvJae subline, hematopoietic 440 

tumors rarely occurred in 129S6/SvEvTac mice.68 Despite their low frequency, 441 

hematopoietic malignancies represented an important COD because of their 442 

disseminated nature with extensive involvement of multiple organ and tissues. Notably, 443 

we identified an unusual but distinctive case of disseminated mast cell sarcoma. A 444 

large multinodular mass in the dermis/subcutis was tentatively identified as primary 445 

lesion. However, because of the extensive involvement of most of the examined 446 

organs/tissues, the actual site of tumor origin could not be established with accuracy 447 

and a possible multicentric evolution of the lesion was also considered. The mast cell 448 

disorder reported in the 129S6/SvEvTac mouse recapitulates some of the most 449 

representative pathobiological features of systemic mastocytosis in humans including 450 

concurrent cutaneous involvement and multicentric growth/systemic dissemination to 451 

visceral organs and bone marrow.31 Despite a series of proliferative mast cell disorders 452 

have been documented in chemically-induced or genetically engineered mouse 453 

models,15,31,38,62 naturally occurring lesions remains exceedingly rare.13 Description of 454 

spontaneous mast cell tumors is limited to sporadic cases occurred in diverse mouse 455 

strains including CD-1, BALB/c, B6C3F1, CFLP, C57BL/6 and four-way cross 456 

mice.6,12,13,25,27 Similarly to what has been observed in our study, the great majority of 457 

these spontaneous lesions exhibited an aggressive behavior with systemic 458 



dissemination/multicentric growth at the level of skin, bone marrow and visceral 459 

organs. 460 

Ependymoma, another unique neoplasm here diagnosed in 3 males, is considered an 461 

exceedingly rare spontaneous lesion in the mouse.1,23 A recent retrospective database 462 

analysis identified 3 cases of ependymoma on a total of over 100.000 mice surveyed.1 463 

In view of these data, the frequency of ependymomas observed in our cohort appears 464 

unexpectedly high. In this context, the analysis of a larger number of aging animals 465 

may clarify whether these tumors simply represent an incidental finding or a real 466 

predisposition for ependymal neoplasms exists in the 129S6/SvEvTac substrain. 467 

Microscopically, all the 3 brain tumors here reported showed the typical diagnostic 468 

features of a rodent ependymoma including periventricular distribution, prominent 469 

vascular network (microvascular proliferation), perivascular pseudorosettes without 470 

evidences of luminal rosettes. All the 3 ependymomas were also designed as 471 

malignant based on the evidence of intratumoral necrosis and/or invasion of the 472 

surrounding neuroparenchyma.1,23 Immunohistochemical examination confirmed lack 473 

of GFAP expression and diffuse vimentin positivity, features which have been 474 

considered characteristic for rodent ependymoma.1 In addition, individual tumor cells 475 

displayed unequivocal cytoplasmic WSCK immunoreactivity. The cytokeratin 476 

expression profile in murine ependymoma is currently unexplored. However, positive 477 

cytokeratin immunostaining is a well-documented aspect in ependymal tumors arising 478 

from humans, cats and dogs.32,52,65,70 479 

In our study, an accurate and reliable comparison of tumor frequencies between 480 

genders has been often made difficult by the significantly smaller sample size of the 481 

female cohort. Nevertheless, major sex-related variations could be identified for some 482 

of the most frequent neoplastic categories. 483 



Despite an overall higher prevalence of Harderian gland tumors in males, malignant 484 

lesions were more commonly reported in females where they showed a particularly 485 

aggressive behavior with local invasion of the skull/brain and metastatic spread to the 486 

lungs. Interestingly, the same higher male prevalence of Harderian gland tumor was 487 

described also in 129S4/SvJae mice but malignant lesions occurred only sporadically 488 

in this substrain without a clear gender bias.3,68 489 

Regarding the occurrence of primary pulmonary tumors, 129S6/SvEvTac females 490 

were considerably more affected than males. This female predisposition is in net 491 

contrast with the data resulting from the analysis of aging 129S4/SvJae mice where 492 

exactly the opposite situation has emerged for pulmonary tumors.3,68 493 

Not surprisingly, an obvious gender predisposition was also identified in hepatocellular 494 

tumors with 129S6/SvEvTac males much more affected than females. This evidence 495 

appears even more substantial considering that malignant lesions, in the form of 496 

hepatocellular carcinoma, occurred only in males where they represented an important 497 

neoplastic COD/CCOD. In the mouse, like in other species including humans, 498 

hepatocellular tumors (especially carcinomas) represent a male-predominant 499 

condition.45 Increased male susceptibility to spontaneous hepatocellular tumors is 500 

obvious in most inbred mouse strains including the 129S4/SvJae subline.3,68 Male 501 

predisposition is seen not only in the context of spontaneous hepatic tumorigenesis 502 

but also in diverse experimental settings including the induction of liver tumors by a 503 

wide variety of carcinogens or infectious agents.4,44 Endocrine ablation studies have 504 

demonstrated that the difference in gender susceptibility results from the opposing 505 

effects of male and female sex hormones, with testosterone enhancing and ovarian 506 

hormones and prolactin inhibiting hepatocellular tumor development.4,19 507 



Blepharitis/blepharoconjunctivitis represented by far the most prevalent non-neoplastic 508 

age-related disorder affecting both male and female 129S6/SvEvTac mice. Naturally 509 

occurring episodes of ulcerative blepharoconjunctivitis have been only occasionally 510 

reported in laboratory mice.57 Some inbred lines of mice including BALB/c, C57BL/6 511 

and 129P3/J appear to be more commonly affected than others.40 In these predisposed 512 

strains, ulcerative blepharoconjuctivitis often manifests as a common age-related 513 

disorder. A variety of opportunistic bacteria (e.g. Corynebacterium spp., 514 

Staphylococcus aureus, Staphylococcus xylosus, Pasteurella pneumotropica) have 515 

been also correlated with the episodes of blepharoconjunctivitis although their effective 516 

pathogenetic role is still matter of controversy.60 Corynebacteria in particular have been 517 

identified in outbreaks involving aging mice.40,57,60 In one study investigating the 518 

occurrence of spontaneous blepharoconjuctivitis in a colony of 129P3/J mice, 519 

Sundberg and collaborators reported that the frequency of affected individuals from 520 

both sexes increased progressively involving approximately the 50% of animals aged 521 

30 or more weeks. An uncharacterized corynebacterial species was consistently 522 

isolated from the affected eyes.60 An epizootic of ulcerative conjunctivitis and keratitis 523 

associated with an unidentifiable Corynebacterium spp. was also reported in a colony 524 

of male C57BL/6 mice. Ocular lesions were first detected at 18 months of age and their 525 

incidence and severity increased dramatically to involve over the 90% of 21 to 30 526 

month-old mice.30 527 

Also in our study, diverse corynebacterial species have been commonly isolated form 528 

ocular lesions. However, overall data emerging from follow-up clinicopathological and 529 

microbiological investigations do not support an unequivocal causative association 530 

between isolated bacteria and blepharitis/blepharoconjuctivitis. All the identified 531 

corynebacterial species have been previously described as common inhabitants of 532 



mouse skin without specific pathogenic capabilities in immunocompetent hirsute 533 

mice.10,11,14,37,46,48 In this context, the reason of their frequent recovery from the 534 

conjunctival surface and the role played in the development and progression of ocular 535 

lesions are currently undetermined. We hypothesize that age-related structural and/or 536 

functional changes of eyelids and lacrimal system may have contributed to impair the 537 

integrity of mucocutaneous epithelial barrier thus promoting chronic inflammation of 538 

and facilitating the colonization of the palpebral conjunctiva by commensal bacteria 539 

normally residing on the skin.30,40,42 Further supporting this view, anterior migration of 540 

the palpebral mucocutaneous junction represents a well-documented age-related 541 

condition in mice where it is mainly associated with eyelid laxity and meibomian gland 542 

atrophy and dysfunction.39,58 Atrophy and dysfunction of the lacrimal glands are also 543 

very commonly reported in aging mice and may result in decreased tear production 544 

and secondary conjunctivitis.42 545 

ECP, formerly known as Acidophilic Macrophage Pneumonia (AMP), has been 546 

described as a major cause of disease and death in C57BL/6 mutant mice deficient in 547 

SHP-1 protein-tyrosine phosphatase (“motheaten” and “viable motheaten”).53,67 ECP 548 

has been reported with variable incidence in different mouse strains,35 and has also 549 

been characterized as a frequent pulmonary lesion and significant cause of morbidity 550 

and mortality in 129S4/SvJae mice.20,68,69 Epithelial cytoplasmic hyaline change, 551 

commonly referred to as “hyalinosis”, affecting the nasal respiratory and olfactory 552 

epithelium, the tracheal and bronchial epithelium (with or without concurrent ECP), the 553 

glandular stomach, bile duct and pancreatic duct epithelium, has been reported in mice 554 

of the 129S4/SvJae substrain and in the B6;129 mouse line.68,69 Accumulation of 555 

proteins of the Ym family (mammalian chitinase-like lectins) has been identified as the 556 

mechanism underlying the accumulation of intrahistiocytic and extracellular 557 



eosinophilic crystals in ECP and epithelial hyalinosis of the upper respiratory 558 

epithelium, glandular stomach, biliary and pancreatic ducts.17,69 559 

In our study, pulmonary accumulation of eosinophilic crystals and ECP were frequently 560 

observed and often combined lesions with overall comparable incidence in male and 561 

females. ECP was also identified as major COD/CCOD and significant co-morbidity in 562 

both sex groups. Similarly to what has been reported for the 129S4/SvJae subline, 563 

epithelial hyalinosis in extrapulmonary sites was more prevalent in 129S6/SvEvTac 564 

females (Ward et al. 2001). Hyaline changes were recorded in the epithelium of 565 

glandular stomach and bile ducts/gall bladder in both sexes. Hyalinosis of the 566 

pancreatic duct epithelium was noted in a single male. Interestingly, hyalinosis of the 567 

transitional epithelium of the renal pelvis was noted in 2 females in association with 568 

inflammation or hydronephrosis. Hyalinosis and eosinophilic crystal formation related 569 

to accumulation of Ym proteins has been reported in a case of polypoid adenoma of 570 

the transitional epithelium of the renal pelvis in a PML/RAR knock in mouse with acute 571 

myeloid leukemia.28 In addition, in a study dissecting the molecular pathogenesis of 572 

ureteritis leading to early onset hydronephrosis in the F2 progeny of C57BL/6 and 573 

DBA/2 mice, eosinophilic crystals formation with upregulation and accumulation of 574 

Chi3l3/Ym1 protein has been shown to occur in association with hyperplasia of the 575 

transitional epithelium.22 Immunohistochemistry confirmed accumulation of 576 

Chi3l3/Ym1 within macrophages and in extracellular crystals within bronchial/alveolar 577 

lumens in ECP, and in epithelial cells affected by hyalinosis in the above mentioned 578 

tissues.  579 

Major non-neoplastic conditions with an obvious gender predisposition included FOL 580 

and polyarteritis. 581 



While FOL represented a relatively frequent disorder in 129S6/SvEvTac females (7 out 582 

of 17 affected females), only one case was confirmed in males. FOL has been already 583 

described as age-related disorder almost exclusively affecting female mice.2,47,66 The 584 

pathogenesis of this condition appears to be driven by age-related hormonal 585 

imbalances of the female reproductive system. Some mouse lines (including the 586 

129S4/SvJae substrain) are reportedly more susceptible than others indicating that 587 

specific genetic backgrounds may further enhance the hormonal impact.2,66,68 588 

Experimental evidences supporting these mechanisms were provided by the 589 

observation that synthetic compounds with hormonal activity like diethylstilbestrol and 590 

misoprostol also induce a high incidence of FOL in female mice while males are only 591 

marginally affected.29 In addition, a causative association between age-related lesions 592 

of female reproductive tract (e.g. ovarian atrophy, ovarian cysts and cystic endometrial 593 

hyperplasia) and development FOL has been also proposed.2,9,66 A similar correlation 594 

could not be confirmed in our study since all the examined females were ultimately 595 

affected by multiple and often concurrent uterine and ovarian lesions.  596 

A distinctive proclivity for the development of polyarteritis was observed in 597 

129S6/SvEvTac males while the same disorder was never reported in females. For 598 

their severity (especially when affecting vital organs) and multisystemic nature, 599 

vascular lesions were often considered significant CCOD. An obvious male 600 

predisposition for arteritis has been also previously documented in the 129S4/SvJae 601 

substrain while an opposite trend was noted in B6;129 mice.3,18,68 Immune-mediated 602 

mechanisms have been proposed to play a pivotal role in the pathogenesis 603 

spontaneous polyarteritis in aging mice.40,42 In this context, lifelong expression of 604 

proteins encoded by endogenous retroviruses/retroelements has been considered as 605 

the event potentially responsible for most of the immune-mediated disorders in aging 606 



mice including glomerulonephritis and polyarteritis.33,40,61 On the other hand, several 607 

lines of evidence indicate that hypertension may also have a primary role in the 608 

development of murine polyarteritis.34 Interestingly, in a study assessing different 609 

cardiovascular traits among 11 commonly used inbred mouse strains, male 610 

129S1/SvImJ mice exhibited the highest systolic blood pressure values.8 Assuming 611 

that the same male-predominant high blood pressure phenotype is equally represented 612 

among different 129 sublines, the development of a hypertensive state in aging 613 

129S6/SvEvTac males can be potentially correlated to the pathogenesis of 614 

polyarteritis. 615 

As frequently observed in other mouse strains including 129S4/SvJae and B6;129 616 

mice,18,68 chronic progressive cardiomyopathy emerged as classical age-related 617 

disorder also in 129S6/SvEvTac mice with overall comparable incidence in male and 618 

females. Different degrees of myocardial involvement were recognized with more 619 

severe lesions ultimately considered as a relevant co-morbidity especially among male 620 

mice. 621 

In both sex groups of 129S6/SvEvTac mice, suppurative inflammation of the urogenital 622 

tract and accessory sex glands (with or without evidence of bacterial infection) 623 

represented an important lesion category not only in terms of frequency but also with 624 

a relevant impact as COD/CCOD or co-morbidity. The entity in females was mainly 625 

characterized by pyometra/suppurative metritis often evolving to peritonitis as lethal 626 

complication. Abscessation of the preputial gland was reported as the most common 627 

manifestation in males, whereas necrosuppurative inflammation of the seminal 628 

vesicles or prostate occurred at lower frequency. Cellulits/fasciitis of the inguino-pubic 629 

region and peritonitis represented clinically relevant and perhaps lethal complications 630 

of lesions affecting preputial glands and seminal vesicles, respectively. A variety of 631 



opportunistic bacteria including Pasteurella pneumotropica, Klebsiella oxytoca and 632 

staphylococci are normally responsible for the development suppurative lesions 633 

affecting the urogenital tract and accessory sex glands.40,43 Unfortunately, the cases 634 

reported in our study were not investigated microbiologically and an etiology could not 635 

be defined.  636 

In conclusion, this study demonstrates that major neoplastic and non-neoplastic 637 

conditions affecting aging 129S6/SvEvTac mice have been previously reported also 638 

for other 129 substrains with no substantial differences in terms of distribution and 639 

frequency.3,60,68 In addition, our data confirm that the 129 background is actually 640 

“resistant” to a series of classical age-related disorders (including hematopoietic and 641 

mammary tumors, amyloidosis, rectal prolapse and dermatitis) commonly encountered 642 

in other strains of mice including backcrossed 129 lines.3,18,40,42,68 Overall, these 643 

findings reinforce the idea that, while a high degree of genetic variability exists within 644 

the 129 strain, dominant age-related phenotypic traits are equally represented over 645 

several sublines. 646 

We believe that this work marks an important contribution as it defines the background 647 

pathology of a 129 substrain that has been widely used for the generation of targeted 648 

mutant mouse lines. In this context, the information contained in this paper can 649 

represent a solid reference for the interpretation of spontaneous aging lesions in inbred 650 

129S6/SvEvTac mice and incompletely backcrossed strains where targeted mutation 651 

has been originally generated in 129S6/SvEvTac mice ES cells. 652 
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Tables 880 

Table 1. Prevalence of the main categories of clinical signs/abnormalities in aging 881 

male and female 129S6/SvEvTac mice as recorded during the last physical 882 

examination before euthanasia or spontaneous animal death. Results are reported 883 

as no. of affected mice/total no. of examined mice (%). 884 

Main categories of clinical abnormalities Males  Females 

Oculara 33/44 (75%) 12/18 (67%) 

Perineal/genital regionb 17/44 (39%) 9/18 (50%) 

Skinc 18/44 (41%) 9/18 (50%) 

Abdominal distension/enlargment 15/44 (32%) 12/18 (67%) 

Locomotor impairmentd 7/44 (16%) 1/18 (6%) 

Hyporesponsiveness to stimuli 26/44 (59%) 11/18 (61%) 

Slow or labored respiration 16/44 (36%) 9/18 (50%) 

Poor body conditions/emaciation 23/44 (52%) 10/18 (56%) 

Hunched posture 17/44 (39%) 6/18 (34%) 

External mass(es) e 5/44 (11%) 5/18 (28%) 

 885 

aOcular abnormalities include the following clinical findings: eye discharge, eye 886 

opacity, crusting, and/or ulceration of the eyelids and exophthalmos. 887 

bAbnormalities of the perineal and/or genital region include the following clinical 888 

findings: discharge form the orifices, enlargement/swelling or mass affecting the area, 889 

prolapses from the orifices, crusting, and/or ulceration of the area. 890 

cAbnormalities of the skin include the following clinical findings: alopecia, scaling, 891 

crusting, ulceration, and matted fur. 892 



dLocomotor impairment include the following clinical findings: generalized 893 

tremors/convulsions, paraparesis, and vestibular syndrome. 894 

e External mass(es) includes all the externally visible masses not affecting the ocular 895 

or perineal/genital region. 896 

Table 2. Prevalence of tumors in aging male and female 129S6/SvEvTac 897 

mice. Results are reported as no. of affected mice /total no. of examined mice 898 

(%). 899 

Neoplasms Males Females 

Adrenal gland   

Adenoma, cortical 1/44 (2%) 0/18 (0%) 

Brain   

Ependymoma, malignant 3/44 (7%) 0/18 (0%) 

Duodenum   

Adenoma 1/44 (2%) 0/18 (0%) 

Harderian gland   

Adenoma, unilateral 11/44 (25%) 1/18 (6%) 

Adenoma, bilateral 5/44 (11%) 1/18 (6%) 

Adenocarcinoma, unilateral 6/44 (14%) 4/18 (22%) 

Adenocarcinoma, bilateral 2/44 (5%) 0/18 (0%) 

Hematopoietic system   

Lymphoma 4/44 (9%) 1/18 (6%) 

Histiocytic sarcoma 1/44 (2%) 1/18 (6%) 

Mast cell sarcoma 1/44 (2%) 0/18 (0%) 

Liver   



Neoplasms Males Females 

Adenoma, hepatocellular 9/44 (21%) 3/18 (17%) 

Carcinoma, hepatocellular 6/44 (14%) 0/18 (0%) 

Mammary gland   

Adenoma n/a 1/18 (6%) 

Lung   

Adenoma 12/44 (27%) 8/18 (44%) 

Adenocarcinoma 6/44 (14%) 3/18 (17%) 

Pituitary gland   

Adenoma, pars distalis 0/44 (0%) 1/18 (6%) 

Skin   

Hemangiosarcoma 0/44 (0%) 1/18 (6%) 

Squamous Cell Carcinoma 0/44 (0%) 1/18 (6%) 

Stomach   

Adenocarcinoma 1/44 (2%) 0/18 (0%) 

Testis / Abdominal cavity   

Anaplastic malignant tumour  1/44 (2%) n/a 

Uterus   

Adenocarcinoma, endometrial n/a 1/18 (6%) 

Sarcoma, endometrial stroma n/a 3/18 (17%) 

Hemangioma n/a 1/18 (6%) 

Leiomyoma n/a 1/18 (6%) 

Total tumors 77 32 

Total benign tumors 44 17 



Neoplasms Males Females 

Total malignant tumors 33 15 

Total metastatic/systemic 

tumorsa 7 3 

   

n/a, not applicable 

a these include hematopoietic tumors with multisystemic involvement 

 900 

Table 3. Prevalence of non-neoplastic lesions in aging 129S6/SvEvTac mice. For 901 

each listed organ/tissue the prevalence of microscopic changes is reported as no. of 902 

affected mice/total no. of examined mice (%). 903 

Organ/tissue and lesion Males Females 

Bones and joints   

Fibro-osseous lesion*** 1/43 (2%) 8/17 (47%) 

Intervertebral disk degeneration 9/43 (21%) 5/17 (29%) 

Intervertebral disk herniation 3/43 (7%) 0/17 (0%) 

Bone marrow   

Hemosiderosis 4/44 (9%) 1/17 (6%) 

Hyperplasia, erythroid/megakaryocytic  1/44 (2%) 0/17 (0%) 

Hyperplasia, myeloid/granulocytic* 3/44 (7%) 6/17 (35%) 

Blood vessels (multiple tissues)   

Polyarteritis** 15/44 (34%) 0/18 (0%) 

Brain   



Encephalitis, throboembolic with 

bacteria 
1/44 (2%) 0/18 (0%) 

Gliosis, not otherwise specified 0/44 (0%) 1/18 (6%) 

Inflammatory cell infiltrates/foci, 

perivascular 
0/44 (0%) 1/18 (6%) 

Melanosis, meninges 0/44 (0%) 1/18 (6%) 

Mineralization, thalamus 4/44 (9%) 2/18 (11%) 

Epididymis   

Fibrosis 1/39 (3%) n/a 

Inflammatory cell infiltrates/foci, 

interstitial 
5/39 (13%) n/a 

Pigment accumulation, lipofuscin 2/39 (5%) n/a 

Sperm granuloma 1/39 (3%) n/a 

Sperm stasis 8/39 (21%) n/a 

Esophagus   

Megaesophagus 7/44 (16%) 4/18 (22%) 

Eyes and eyelids   

Blepharitis/blepharoconjunctivitisa,b 38/42 (91%) 
15/16 

(94%) 

Keratitisc 2/42 (5%) 0/16 (0%) 

Lens degeneration/cataract 0/42 (0%) 1/16 (6%) 

Retinal detachment 1/42 (2%) 1/16 (6%) 

Forestomach   

Erosion/ulceration, mucosal  2/44 (5%) 0/18 (0%) 

Hyperkeratosis/hyperplasia, mucosal 7/44 (16%) 1/18 (6%) 



Inflammatory cell infiltrates/foci, lamina 

propria/submucosa 
1/44 (2%) 0/18 (0%) 

Gallbladder   

Hyperplasia with hyalinosis, epithelium 1/30 (3%) 1/12 (8%) 

Glandular stomach   

Erosion/ulceration, mucosal  4/44 (9%) 3/18 (17%) 

Hyperplasia polypoid, mucosal 1/44 (2%) 0/17 (0%) 

Hyperplasia with hyalinosis, mucosal 4/44 (9%) 4/18 (22%) 

Hyperplasia with intestinal metaplasia, 

mucosal 
6/44 (14%) 5/18 (28%) 

Inflammatory cell infiltrates/foci, lamina 

propria/submucosa 
3/44 (7%) 0/18 (0%) 

Yeasts 1/44 (2%) 0/18 (0%) 

Harderian gland   

Hyperplasia 5/42 (12%) 3/16 (19%) 

Inflammatory cell infiltrates/foci, 

interstitial 
7/42 (17%) 3/16 (19%) 

Heart   

Cardiomyopathy 25/44 (57%) 8/18 (44%) 

Endocarditis, valvular with bacteria 2/44 (5%) 0/18 (0%) 

Fibrosis, pericardial  0/44 (0%) 1/18 (6%) 

Inflammatory cell infiltrates/foci, 

myocardial/epicardial 
2/44 (5%) 2/18 (11%) 

Melanosis, subendocardial 0/44 (0%) 1/18 (6%) 

Mineralization, myocardial 3/44 (7%) 0/18 (0%) 



Necrosis, myocardial  1/44 (2%) 2/18 (11%) 

Pancarditis, suppurative with bacteria 2/44 (5%) 2/18 (11%) 

Kidneys   

Atrophy, tubular 3/43 (7%) 0/18 (0%) 

Chronic nephropathy 3/43 (7%) 0/18 (0%) 

Cysts, tubular 3/43 (7%) 0/18 (0%) 

Degeneration/necrosis, tubular 6/43 (14%) 0/18 (0%) 

Dilation/eosinophilic casts, tubular 13/43 (30%) 3/18 (17%) 

Glomerulonephritis 3/43 (7%) 0/18 (0%) 

Glomerulosclerosis 2/43 (5%) 0/18 (0%) 

Hyaline droplets, tubular 1/43 (2%) 0/18 (0%) 

Hydronephrosisd 8/43 (19%) 6/18 (33%) 

Hyperplasia with hyalinosis, pelvic 

transitional epithelium 
0/43 (0%) 2/18 (11%) 

Infarcts, cortical 3/43 (7%) 0/18 (0%) 

Inflammatory cell infiltrates/foci, 

interstitial/perivascular 
22/43 (51%) 

13/18 

(72%) 

Nephritis, suppurative with 

bacteria/bacterial emboli 
5/43 (12%) 2/18 (11%) 

Pyelitis 0/43 (0%) 2/18 (11%) 

Large intestine   

Inflammatory cell infiltrates/foci, lamina 

propria/submucosa 
1/44 (2%) 0/18 (0%) 

Pinworm nematodes 5/44 (11%) 5/18 (28%) 

Liver   



Angiectasis 3/44 (7%) 2/18 (11%) 

Degeneration, hepatocellular  11/44 (25%) 2/18 (11%) 

Extramedullary hematopoiesis*** 4/44 (9%) 
12/18 

(67%) 

Fibrosis 0/44 (0%) 1/18 (6%) 

Focus of cellular alteration, 

hepatocellular 
1/44 (2%) 0/18 (0%) 

Hyperplasia with hyalinosis, bile duct  3/44 (7%) 3/18 (17%) 

Hyperplasia, sinusoidal lining cells 1/44 (2%) 0/18 (0%) 

Inflammatory cell infiltrates/foci, 

portal/intralobular/centrilobular 
19/44 (43%) 7/18 (39%) 

Karyocytomegaly, hepatocellular 6/44 (14%) 0/18 (0%) 

Lobe torsion with infarction 1/44 (2%) 0/18 (0%) 

Necrosis, hepatocellular  2/44 (5%) 3/18 (17%) 

Regenerative hyperplasia, 

hepatocellular 
3/44 (7%) 2/18 (11%) 

Thrombosis/hemorrhage 2/44 (5%) 0/18 (0%) 

Lungs   

Eosinophilic Crystalline Pneumonia 26/44 (59%) 
11/18 

(61%) 

Eosinophilic crystals, bronchial/alveolar 30/44 (68%) 
13/18 

(72%) 

Hemorrhage 1/44 (2%) 0/18 (0%) 

Inflammation, suppurative  1/44 (2%) 1/18 (6%) 



Inflammatory cell infiltrates/foci, 

perivascular/peribronchial 
5/44 (11%) 3/18 (17%) 

Thrombosis/necrosis 0/44 (0%) 1/18 (6%) 

Lymph nodes   

Depletion, lymphoid  8/32 (25%) 3/13 (23%) 

Extramedullary hematopoiesis, 

increased 
0/32 (0%) 2/13 (15%) 

Hemosiderosis 8/32 (25%) 0/13 (0%) 

Hyperplasia, lymphoid  9/32 (28%) 3/13 (23%) 

lymphadenitis  3/32 (9%) 2/13 (15%) 

Plasmacytosis* 6/32 (19%) 8/13 (62%) 

Sinus dilation 3/32 (9%) 0/13 (0%) 

Sinus histiocytosis  12/32 (38%) 4/13 (31%) 

Mammary gland   

Galactocele n/a 3/15 (20%) 

Inflammatory cell infiltrates/foci, 

perivascular/periductal 
n/a 1/15 (7%) 

Ovary   

Atrophy n/a 4/8 (50%) 

Cyst  n/a 5/8 (63%) 

Hematocyst n/a 3/8 (38%) 

Hyperplasia, tubulostromal n/a 1/8 (13%) 

Inflammatory cell infiltrates/foci, 

stroma/mesovarium 
n/a 5/8 (63%) 

Pancreas   



Atrophy, exocrine compartment 1/44 (2%) 0/18 (0%) 

Cyst, ductal 0/44 (0%) 2/18 (11%) 

Fibrosis 0/44 (0%) 1/18 (6%) 

Hyperplasia with hyalinosis, ductal 1/44 (2%) 0/18 (0%) 

Inflammatory cell infiltrates/foci, 

interstitial 
2/44 (5%) 1/18 (6%) 

Preputial gland   

Adenitis, suppurativee 10/44 (23%) n/a 

Prostate   

Dilation, acinar 3/7 (43%) n/a 

Inflammation, suppurative 1/7 (14%) n/a 

Skeletal muscle   

Degeneration, myofiber 1/43 (2%) 0/18 (0%) 

Fibrosis 1/43 (2%) 0/18 (0%) 

Inflammation, suppurative (abscess) 2/43 (5%) 0/18 (0%) 

Small intestine   

Amyloidosis 1/44 (2%) 0/18 (0%) 

Enteritis, suppurative and/or ulcerative 2/44 (5%) 0/18 (0%) 

Inflammatory cell infiltrates/foci, lamina 

propria/submucosa 
3/44 (7%) 1/18 (6%) 

Spinal cord   

Spinal cord, hemorrage 0/44 (0%) 1/18 (6%) 

Spleen   

Depletion, lymphoid 9/43 (21%) 8/18 (44%) 



Extramedullary hematopoiesis, 

increased*** 
2/43 (5%) 8/18 (44%) 

Hemosiderosis  5/43 (12%) 3/18 (17%) 

Hyperplasia, lymphoid 0/43 (0%) 1/18 (6%) 

Plasmacytosis 2/43 (5%) 3/18 (17%) 

Seminal vesicles   

Dilation 11/14 (79%) n/a 

Inflammation, suppurativef 7/14 (50%) n/a 

Torsion/hemorrhage 1/14 (7%) n/a 

Skin   

Abscess, subcutis/fascia 1/35 (3%) 0/15 (0%) 

Atrophy, adnexal 1/35 (3%) 3/15 (20%) 

Dermatitis chronic with acanthosis and 

hyperkeratosisg 
9/35 (26%) 6/15 (40%) 

Dermatophytosis 1/35 (3%) 0/15 (0%) 

Hematoma, subcutis 1/35 (3%) 0/15 (0%) 

Inflammatory cell infiltrates/foci, dermis 4/35 (11%) 3/15 (20%) 

Mites 8/35 (23%) 5/15 (33%) 

Panniculitis 1/35 (3%) 0/15 (0%) 

Squamous epithelial cyst 1/35 (3%) 0/15 (0%) 

Ulceration 0/35 (0%) 1/15 (7%) 

Testes   

Atrophy, seminiferous tubules 4/39 (10%) n/a 

Necrosis, seminiferous tubules 1/39 (3%) n/a 

Pigment accumulation, lipofuscin 1/39 (3%) n/a 



 904 

n/a, not applicable 905 

a in 19 males and 11 females Gram positive rods were observed in association with 906 

this lesion 907 

b lesion occurred bilaterally in 31 males and 15 females 908 

c lesion occurred bilaterally in 1 male 909 

d lesion occurred bilaterally in 1 male and 1 female 910 

e intralesional bacteria were observed in 5 cases; the lesion was complicated by 911 

cellulitis in 4 cases 912 

f Intralesional bacteria were observed in 4 cases; the lesion was complicated by 913 

peritonitis in 1 case 914 

g pustular lesions with intralesional bacteria were observed in 3 cases 915 

h Intralesional bacteria were observed in 4 cases, the lesion was complicated by 916 

peritonitis in 4 case 917 

*p<0.05; **p<0.01; ***p<0.001 (difference between males and females) 918 

Urinary bladder   

Cystitis, lymphofollicular*  0/8 (0%) 3/4 (75%) 

Cystitis, necrosuppurative with bacteria 0/8 (0%) 1/4 (25%) 

Proteinaceous plug 2/8 (25%) 0/4 (0%) 

Uterus   

Adenomyosis n/a 2/17 (12%) 

Angiectasis/thrombosis n/a 9/17 (53%) 

Hyperplasia endometrial cystic n/a 
12/17 

(71%) 

Metritis/pyometrah n/a 8/17 (47%) 



Table 4. Major Contributing Causes of Death (CCOD) in aging male and 919 

female 129S6/SvEvTac mice. Results are presented as no. of affected 920 

mice/total no. of examined mice (%). 921 

Major Contributory Causes of Death (CCOD) Males Females 

Neoplastic causes   

Hematopoietic 5/44 (11%) 1/18 (6%) 

Harderian gland 0/44 (0%) 1/18 (6%) 

Gastrointestinal 2/44 (5%) 0/18 (0%) 

Liver 2/44 (5%) 0/18 (0%) 

Vascular 0/44 (0%) 1/18 (6%) 

Pituitary 0/44 (0%) 1/18 (6%) 

Other malignant metastatic tumor 1/44 (2%) 0/18 (0%) 

Total 

10/44 

(23%) 4/18 (22%)  

Non-neoplastic causes   

Polyarteritis 5/44 (11%) 0/18 (0%) 

Eosinophilic crystalline pneumonia 4/44 (9%) 2/18 (11%) 

Megaesophagus 1/44 (2%) 0/18 (0%) 

Sepsis 2/44 (5%) 2/18 (11%) 

Suppurative metritis/pyometra/peritonitis n/a 4/18 (22%) 

Uterine Angiectasis/thrombosis n/a 1/18 (6%) 

Urologic Syndrome 2/44 (5%) 0/18 (0%) 

Necrosuppurative cystitis and hydronephrosis 0/44 (0%) 1/18 (6%) 

Seminal vesicle suppurative adenitis 1/44 (2%) n/a 



Major Contributory Causes of Death (CCOD) Males Females 

Total 

15/44 

(34%) 

10/18 

(56%) 

Multiple causes or co-morbidities   

Multiple concurrent non-neoplastic causes 

10/44 

(23%) 2/18 (11%) 

Concurrent neoplastic and non-neoplastic 

causes 7/44 (16%) 3/18 (17%) 

Total 17 (39%) 5 (28%) 

Undetermined CCOD 2/44 (5%) 0/18 (0%) 

 922 

n/a, not applicable 923 

 924 

Figures 925 

 926 

Figure 1. Longitudinal survival study conducted on 129S6/SvEvTac mice. Kaplan-927 

Meier survival curves obtained from 44 males and 18 females. 928 



 929 

Figures 2-7. Major neoplastic lesions affecting 129S6/SvEvTac mice. 930 

Figure 2. Unilateral carcinoma, Harderian gland, female mouse. Grossly, the tumor 931 

exhibits an aggressive growth with local invasion of orbital and periorbital craniofacial 932 

structures. 933 

Figure 3. Unilateral Harderian gland carcinoma, female mouse. Microscopically the 934 

epithelial neoplasm is arranged in solid densely cellular lobules separated by a delicate 935 



stroma and accompanied by extensive necrotic areas (asterisk). Note the residual 936 

orbital structures including Harderian gland (arrow), optic nerve (arrowhead) and 937 

extraocular muscles (double asterisk). Hematoxylin and eosin stain. 938 

Figure 4. Harderian gland carcinoma, pulmonary metastases, female mouse. The 939 

pulmonary parenchyma is severely affected with disseminated metastatic lesions. 940 

Hematoxylin and eosin stain. 941 

Figure 5. Solitary pulmonary carcinoma, female mouse. Grossly the tumor manifests 942 

as a well-demarcated whitish solid mass. 943 

Figure 6. Solitary pulmonary carcinoma, female mouse. Microscopically the tumor 944 

displays a micropapillary pattern of growth with progressive invasion of the surrounding 945 

pulmonary parenchyma (arrow). Note the bronchial outline (asterisk) partially replaced 946 

by the infiltrating neoplastic papillary structures. Hematoxylin and eosin stain. 947 

Figure 7. Hepatocellular carcinoma, male mouse. Microscopically the tumor displays a 948 

solid to trabecular pattern of growth. Hematoxylin and eosin stain. 949 



950 

Figures 8-12. Major non-neoplastic lesions affecting 129S6/SvEvTac mice. 951 

Figure 8. Suppurative and ulcerative blepharoconjuctivitis, male mouse. Grossly the 952 

affected eye presents suppurative discharge with severe ulceration of the lower eyelid. 953 

Figure 9. Suppurative and ulcerative blepharoconjuctivitis, male mouse. 954 

Microscopically the mucocutaneous junction of the affected eyelid exhibits severe 955 

ulceration and chronic suppurative inflammation. Gram stain reveals clusters of curved 956 



rod-shaped bacteria populating the serocellular crusts associated with the ulcerative 957 

lesion (inset). Haematoxylin and eosin stain; inset, Gram stain. 958 

Figure 10. Eosinophilic crystalline pneumonia, male mouse. The lesion consists of 959 

prominent parenchymal infiltrates of Chi3l3/Ym1-positive macrophages which are 960 

characterized by abundant intracytoplasmic accumulation of eosinophilic crystalline 961 

material (inset). Scattered in the lumen of bronchioles and alveoli are also groups of 962 

large elongated extracellular Chi3l3/Ym1-positive crystals (arrows). 963 

Immunohistochemistry for Chi3l3/Ym1 protein; inset, hematoxylin and eosin stain. 964 

Figure 11. Polyarteritis, pancreas, male mouse. Microscopically, affected mid-sized 965 

arteries display prominent hypertrophy and fibrinoid necrosis of the tunica media 966 

associated with fibrosis and inflammatory cell infiltrates expanding the adventitial layer. 967 

Haematoxylin and eosin stain. 968 

Figure 12. Urogenital tract lesions, female mouse. A segment of the uterus displays 969 

prominent angiectasis and thrombosis in myometrial/endometrial veins (asterisk). 970 

Changes consistent with cystic endometrial hyperplasia are also evident in an adjacent 971 

segment of the uterus (double asterisk). Note also a portion of the urinary bladder with 972 

dense lymphofollicular infiltrates expanding the submucosa (arrow). Hematoxylin and 973 

eosin stain. 974 

 975 

 976 


