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ABSTRACT 
 
Shaheen, B.S. Development of monoclonal antibodies to determine sites of leukocyte 
retention in hibernating thirteen-lined ground squirrels (Ictidomys tridecemlineatus). MS 
in Biology- Microbiology, December 2013, 48pp. (B. Taylor) 
 
During hibernation, ground squirrels undergo many adaptive physiological changes 
including a reduction of respiration and blood flow. While reduced blood flow normally 
leads to blood clot formation in humans, ground squirrels appear to have internal 
biochemical mechanisms that prevent clot-formation during hibernation.  Another 
physiological change is that white blood cells greatly reduce in number from peripheral 
blood during hibernation. This could be an adaptation to help prevent damaging 
inflammation in blood vessels. It is unclear where the white blood cells are retained 
during hibernation; therefore the objective of this study was to develop a line of 
antibodies that will specifically target the white blood cells of ground squirrels to 
determine their location during hibernation. Understanding how these physiological 
changes occur in ground squirrels could help shed light on how inflammation may be 
regulated in some clinical situations. 
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INTRODUCTION 

Hibernation: Torpor and Interbout Arousal periods 
 

Hibernation is a physiological change undergone by some mammals allowing 

them to conserve energy and tolerate extremely cold environmental conditions. During 

hibernation, mammals experience reduced blood flow, as the heart rate drops to 3-5 

beats/min (Zatzman, 1984), and breathing rates are reduced to 4-6 breaths/min (McArthur 

and Milsom, 1991). Also, their body temperature drops to as low as -2°C reducing 

metabolic activity (Heldmaier et al, 2004).  

The evolutionary origin of hibernation is not yet known, but there are currently 

two hypotheses that may explain its roots. The first hypothesis proposes that the common 

ancestor of all mammals was a hibernator and the ability to hibernate was lost 

independently along multiple lineages. The second hypothesis suggests that the common 

ancestor was not a hibernator and that the ability to hibernate was gained independently 

along multiple lineages (Srere et al, 1992). 

Hibernation has two major periods - a torpor phase where hibernating mammals 

experience depressed metabolic rate and low body temperature, ranging anywhere from 

2-10°C (Carey et al, 2003), and an interbout arousal (IBA) phase where body temperature 

is restored to normal (euthermic) and metabolic activity is regained (Figure 1).  The 

immune system slows down during torpor and appears to become fully functional within 

a few hours of arousal (Bouma et al, 2010a). Hibernation is not a continuous process; 
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torpid periods, which can last 3-40 days (Bouma et al, 2010b), are interrupted by arousal 

intervals that could be up to 30 days long, depending on the species (Prendergast et al, 

2002). The torpor and arousal cycles are essential in maintaining immunity to fight off 

infection acquired during torpor (Burton et al, 1999). Therefore, control of the immune 

system is critical to hibernating mammals. 

For energy during torpor, fat-storing hibernating mammals mainly utilize fatty 

acids released by lipid hydrolysis from white adipose tissue (WAT) (Carey et al, 2003). 

Ground squirrels, being fat-storing animals, survive the prolonged periods of fasting by 

doubling their body weight via increasing their WAT. They also forage for food during 

arousal periods (Sonoyama et al, 2009). Being in a torpid state may save up to 88% of the 

energy that would otherwise go into maintaining a euthermic state (Wang, 1979). In fact, 

if the ground squirrels do not go into torpor, the preserved energy from WAT would not 

be sufficient for them to maintain metabolic activity at euthermic levels through the 

winter (Carey et al, 2003).  

This study will focus on determining the location of white blood cells in thirteen-

lined ground squirrels (Ictidomys tridecemlineatus) during hibernation. Because their 

genome has already been sequenced and much is known about their biological 

characteristics, thirteen-lined ground squirrels are a suitable model to study mammalian 

hibernation.  
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Figure 1. Body temperature of 13-lined ground squirrels during the hibernation season 
consisting of torpor and arousal periods starting from mid-September until mid-April. 
Adapted from Bouma, 2010b. 

Innate and Adaptive Immunity 
 

The innate and adaptive immune functions are drastically decreased during torpor 

resulting in lower complement levels, reduced numbers of circulating leukocytes, 

decreased lymphocyte proliferation, and a decline in antibody production (Bouma et al, 

2010b). The reduction in immune function during torpid periods may save energy for the 

hibernating mammal since immune responses are energetically costly (Klasing, 2004). 

Reduced immune function may also be beneficial to hibernating mammals by preventing 

tissue damage caused by inflammatory responses to infection or cellular injury (Bouma, 

2010). 

An example of the depressed innate immune system function was demonstrated 

when lipopolysaccharide (LPS), a component of the outer wall of gram-negative bacteria 

that stimulates inflammation, was injected into torpid squirrels. Lipopolysaccharide was 

unable to induce a febrile response in hibernating squirrels, and it did not arouse squirrels 

out of deep torpor (Prendergast et al, 2002, Bouma et al, 2010a). Other studies 
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demonstrated that certain aspects of innate immunity remained functional during torpor 

such as the classical complement pathway (Maniero, 2002) and the ability of splenic 

macrophages to bind LPS (Maniero, 2005). 

To demonstrate that adaptive immune system is also reduced during torpor, 

allografts were given to ground squirrels during torpid periods. Hibernating ground 

squirrels did not reject the skin allografts during torpor, but after arousal they rejected the 

allografts, indicating restored adaptive immune function (Schivatcheva, 1988). In 

addition, antigen-challenged hibernating mammals had a weak secondary humoral 

response to the antigen after arousal compared to active mammals (Burton et al, 1999, 

Kurtz and Carey, 2007).  Even though a hibernating mammal may have existing memory 

B cells from a prior infection, it may still not be able to fight off infection during torpor 

because systemic immunity is down regulated. 

Systemic vs. Mucosal Immunity 

Systemic immunity (not confined to initial infection site) is drastically decreased 

in torpid mammals. Many immunological changes may occur to preserve the integrity of 

vital organs and preserve energy during prolonged periods of torpor (Canale and Henry, 

2011) including reduced phagocytic activity, cytokine production, and complement levels. 

In contrast, it is believed that immunity is increased during hibernation at mucosal 

surfaces of the body (respiratory airways, gastrointestinal tract, eye conjunctiva, and 

urogenital tract) because they are in direct contact with the external environment (Kurtz 

and Carey, 2007). Kurtz and Carey believe that the changes that occur in intestinal 

immunity represent a protective phenotype for the hibernating animal. The increase in 

number of intraepithelial lymphocytes, lamina propria leukocytes, and mucosal IgA 
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levels (Kurtz and Carey, 2007) could help protect and maintain epithelial integrity from 

invading pathogens.  

The intestinal tract is the most studied organ for mucosal immunity because it is 

the organ that harbors the most diverse antigens. The mucosa – associated lymphoid 

tissue (MALT) in the small intestines is organized in micro compartments such as the 

Peyer’s patches. Peyer’s patches contain specialized epithelial microfold cells, called M 

cells, that transport luminal antigens to underlying antigen presenting cells (APCs) such 

as dendritic cells (DC), B lymphocytes, and macrophages (Kurtz and Carey, 2007, 

Holmgren and Czerkinsky, 2005). Intraepithelial lymphocytes (in particular T 

lymphocytes) are also found throughout the basolateral side of the epithelium and are 

thought to play a key role in the development of immune tolerance to orally ingested 

antigens, because of their constant exposure to luminal antigens (Cheroutre, 2005, Pabst, 

1987).  

Gut Microbiota and the Immune System 

During prolonged periods of fasting when little or no food enters the 

gastrointestinal tract, it would be safe to assume that gut microbiota will very likely 

change. Epithelial cells express receptors for microbial-associated molecular patterns 

(MAMPs), which activate a signaling cascade that results in antimicrobial products and 

chemokines. The signals delivered to the epithelial cell receptors are directly influenced 

by the resident gut microbiota (Cerf-Bensussan and Gaboriau-Routhiau, 2010). Therefore, 

changes in gut microbiota should play a critical role in influencing intestinal immunity in 

torpid mammals.  
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Kosiewicz et al (2011) demonstrated that commensal bacteria could influence 

inflammation in the gut by either regulating the immune response directly or by 

impacting the survival of other gut microbiota to limit inflammation.  There are many 

commensal bacteria in the gut microbiota, derived mainly from five bacterial phylotypes: 

Bacteroidetes, Firmicutes, Actinobacteria, Proteobacteria, and Fusobacteria (Kosiewicz 

et al, 2011). Fluctuations in the proportions of the different types of commensal bacteria 

in the gut have previously been associated in patients with inflammatory disease 

(Kosiewicz et al 2011). Sonoyama et al (2009) looked at the gut microbiota of 

hibernating Syrian hamsters and found that the most abundant bacteria belonged to the 

phylum Firmicutes. Obese mice also have elevated numbers of Firmicutes just like fat-

storing hibernators (Ley et al, 2006). Segmented filamentous bacteria (SFB), which 

belong to the Firmicutes phylum, are potent at inducing immune responses, especially at 

inducing T-helper 17 (Th17) cell proliferation. Resident dendritic cells (DC), in the lamina 

propria, interact with SFB from the lumen causing activation to the Th-17 cells (Figure 2). 

Once Th-17 cells become activated, they secrete IL-17, which is believed to be a 

mediator in fighting bacterial infections and is also involved in the pathogenesis of 

inflammatory diseases. An elevated number of Firmicutes is associated with increased 

IL- 17 secretion (Kosiewicz et al 2011), which provides further support that this aspect of 

mucosal immunity might be increased during hibernation. 
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Figure 2. Interaction of segmented filamentous gut microbe (SFB) with T-helper 17 
immune system cells via dendritic cells (DC). Stimulation of Th17 promotes the secretion 
of proinflammatory cytokines including IL-17.  Adapted from Cua & Sherlock, 2011. 

Risk of Infection 
 

The depressed immune system in hibernating mammals places them at a greater 

risk for infection. However, the energy-saving benefits of depressing the immune system 

during hibernation may outweigh the risk of infection. In addition, low body temperatures 

during torpor encourage the growth of certain psychrophilic microorganisms, which are 

capable of growth and reproduction at cold temperatures. This has been demonstrated by 

the white-nose syndrome in bat populations caused by Geomyces destructans (Bouma et 

al, 2010a). Some species of bacteria continue to divide at temperatures of 5-10°C 

including Escherichia coli, Mycobacterium leprae, Campylobacter jejuni, Salmonella 

heidelberg, S. enteritidis, Listeria monocytogenes, Bacillus subtilis, and Vibrio vulnificus. 

M. leprae colonization has been proven to result in rapid generalized infection during 

torpor, and death of the infected squirrel (Prendergast et al, 2002).  

Hibernating mammals have interbout arousal from torpor, which may help the 

animal fight off infection.  Hibernators may thus accumulate products, such as antibodies, 
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necessary for mounting an immune response while in torpor and then rapidly fight off 

infection upon arousal (Burton et al, 1999). Interbout arousal periods occur every 2-30 

days depending on the animal (Prendergast et al, 2002) and are of critical importance to 

help the host to kill off psychrophilic (capable of growth and reproduction at cold 

temperatures) pathogens, as they would stop dividing at normal body temperature. 

Arousal periods also allow plasma cells to start proliferating, and resume their production 

of antibodies, which are produced slowly during torpor (Burton et al, 1999).  

If euthermic body temperature is more favorable for the pathogen it is important 

for mammals to keep arousal periods to a minimum, especially during an infection, in 

order to prevent pathogen proliferation. Going back into torpor is another way to slow the 

spread of such infections. The sudden drop in body temperature should inhibit pathogen 

proliferation but at the same time might not cause any damage to host cells due to pre-

cooling mitotic inhibition (Burton et al, 1999). Before returning to torpor, immature cells 

accumulate and arrest in the G2 phase of the cell cycle in order to prevent chromosomal 

damage caused by disturbed microtubule polymerization (Boltovaskaya, 1977, 

Vinogradova, 1982, Kruman et al, 1986, Kruman et al, 1988). Two to three hours after 

arousal, cells reach peak mitotic activity and continue to divide rapidly until entering the 

torpor cycle (Kruman et al, 1988).  

In ground squirrels intestinal crypt cells, cell proliferation is greatly reduced 

throughout the hibernation season even if they do not go into torpor (Kruman et al, 1986). 

Therefore, DNA viruses are considered to be a smaller risk for infection in hibernating 

mammals since cells will not undergo mitosis in a state of torpor. While it is speculated 

hibernating mammals, in particular hibernating bats, can act as reservoir for viruses, no 
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information has been reported on RNA virus replication in hibernating ground squirrels. 

Therapeutic Hypothermia 

 Hypothermia is defined as the decrease in core body temperature below the lowest 

temperature needed to sustain normal cellular activity. The profound reduction in body 

temperature during torpor phases is presumed to protect the integrity of cells during 

prolonged hibernation periods. Since inflammation (neutrophils being the major players) 

causes significant damage after stroke and during surgery, applied hypothermia to 

affected individuals may be protective to their organs as well. Reduced body temperature 

leads to a reduction in circulating neutrophils by margination, the adhesion of WBC to 

endothelium (Bouma, 2013). Inducing hypothermia during the summer in active animals 

also results in neutropenia; therefore there is strong evidence that neutropenia is solely 

due to reduction in body temperature in torpid mammals (Bouma, 2013). Although it is 

not entirely clear how hypothermia is protective during trauma situations, it is believed 

that endogenous defense pathways are upregulated (Carey et al, 2003). Additionally, 

previous studies have demonstrated a strong relationship between brain injuries and 

immune system disorders shortly after the insult. Therefore the application of controlled 

mild hypothermia could be used clinically to reduce the area of ischemic damages of 

brain, and other organ, tissue (Mrlian et al, 2006). However, the molecular mechanisms 

involved in inducing the transition into and out of hypothermia are still not fully 

understood. Understanding the signaling pathway involved in initiating torpor will aid in 

the translation of many biomedical applications including clinical hypothermia. 
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Clinical Relevance 
 

The molecular mechanism of inducing and regulating hibernation currently 

remains unknown. All of the physiological changes that occur during hibernation could 

increase blood clot formation including altered blood flow, high lipid content in the blood, 

and leukopenia. However, ground squirrels do not suffer from any of the blood clots 

throughout the hibernation season. Unraveling the mechanisms responsible for the 

physiological changes during hibernation in mammals may lead to treatments for blood 

disorders including leukopenia. 

Leukopenia is defined as a decrease in the number of circulating white blood cells, 

which leaves the individual at a high risk for infection. In humans it can result from 

chemotherapy, cytotoxic drugs, autoimmune disorders, malnutrition and acute viral 

infections (Kumar et al, 2005).  Torpid hibernators experience a drop in circulating whit 

blood cells, including granulocytes, lymphocytes, and monocytes by approximately 90% 

(Bouma et al, 2010c). Upon arousal, their WBC are restored back to euthermic levels 

without causing any damage to endothelium from the sudden surge of circulating cells. 

Because of their ability to regulate immune system cells, thirteen- lined ground squirrels 

are an excellent model to study for finding out how to prevent post-surgical inflammation 

by reducing the circulation of white blood cells.  

One serious health concern that could benefit greatly from understanding the 

ground squirrel’s ability to regulate immune cells is cardiac repair following myocardial 

infarction. Heart attacks are currently the leading cause of death in the United States. 

Most damage to the heart occurs postinfarction from uncontrolled inflammation and 

defective cardiac repair (Frangogiannis, 2012). Therefore, understanding the prevention 
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of inflammation-induced damage during hibernation can potentially lead to preventative 

measures in many clinical applications.  

Current Hypothesis to Explain Fate of Leukocytes During Hibernation 

Previous research has shown a rapid 90% decrease of WBC from blood 

circulation within 24 hours of entering torpor (Bouma et al, 2010c). There are three main 

hypotheses to explain the disappearance of WBC. They may 1) be sequestered in certain 

organs (Yasuma et al, 1997; Bouma et al, 2010a; Kurtz and Carey, 2007; Burton and 

Reichman, 1999), 2) adhere to vessel walls through leukocyte-endothelial cell interaction 

(Yasuma et al, 1997), or 3) be destroyed by apoptosis (Bouma et al, 2010c). The latter 

assumption seems unlikely, as demonstrated by Bouma, et al. (2010a) by measuring the 

white pulp size of the spleen in torpid European Ground Squirrels. Since lymphocytes 

circulate continuously through the spleen, massive apoptotic events would cause white 

pulp size in the spleen to decrease. However, the size of white pulp remained unchanged 

during hibernation ruling out the massive apoptotic event hypothesis. Additionally, 

lymphocytes re-appear in the blood within 1.5 hours upon arousal (Bouma et al, 2010a). 

Since lymphocytes cannot be produced as rapidly as granulocytes or thrombocytes, the 

rapid re-emergence of lymphocytes confirms that lymphocytes are retained in the body 

during hibernation and do not undergo massive apoptosis.  

Leukocyte Sequestration 

So far there have been reports that ground squirrel WBC may be sequestered in 

the lymph nodes (lymphocytes) (Nansel and Knoche, 1972), spleen (Yasuma et al, 1997; 

Nansel and Knoche, 1972), liver (Yasuma et al, 1997)), intestine (Kurtz and Carey, 2007), 

and the lungs (Burton and Reichman, 1999). There have also been reports that 
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lymphocytes do not get stored in the spleen during torpor as surgical removal of spleen 

still resulted in disappearance of lymphocytes (Bouma et al, 2010a). Therefore, further 

investigation of white blood cell aggregation in all of the organs previously mentioned is 

needed. Although previous studies have excluded the possibility of the spleen as a 

primary storage site for lymphocytes, they did not look at other types of WBC and the 

possibility of their storage in the spleen. Therefore, we decided to investigate the spleen 

further as well as the thymus, which has not been studied before.  

The Spleen. Located in the upper left part of the abdomen just behind the 

stomach, the spleen is the largest lymphatic organ in the body, and plays a critical role in 

filtering of foreign material from blood and recycling red blood cells. Although the 

spleen is not connected directly to lymphatic vessels, it plays a crucial role in immune 

responses to blood-borne pathogens via blood vessels (Janeway et al, 2012). It is 

structurally organized into two main tissue compartments: the white and red pulp. The 

white pulp consists of large and circular areas scattered throughout the spleen surrounded 

by the red pulp, which makes up the bulk of the organ (Figure 3). Although in the same 

vicinity, the two compartments play different roles and are made up of distinctive 

population of cells, which allows each section to carry out its function. The white pulp, 

being mainly comprised of lymphocytes, is involved in specific immune responses while 

the macrophages in the red pulp help phagocytize and store erythrocytes. The red pulp is 

a three dimensional meshwork of splenic cords and venous sinuses which allows this 

compartment the capability to perform its function of filtering and recycling the blood.  
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Figure 3. Immunohistochemistry of the spleen showing the two major compartments: red 
(RP) and white pulp (WP).  
 

The Thymus. The thymus is a small organ consisting of numerous lobules located 

in the upper anterior thorax just behind the sternum. It is a central lymphoid organ which 

mainly functions in “educating” T-lymphocytes to not recognize self-antigen through two 

processes: positive and negative selection. Histologically, the thymus is divided into two 

main regions: the outer cortical and central medullary region (Figure 4). The cortex is 

comprised of mainly immature thymocytes and scattered macrophages, whereas the 

mature thymocytes, along with other dendritic and macrophage cells, are located in the 

medulla. 

Leukocyte-Endothelial Cell Adherence 

The second hypothesis, to explain where WBC migrate to during torpor, suggests 

that WBC go through an intermediate state where they are activated and adhere to 

endothelial cells but do not extravasate (migration of cells out of the blood vessels) into 

the tissue (Yasuma et al, 1997). During an inflammatory response when leukocytes are 

recruited to the site of infection, selectin proteins appear on endothelial cell surface and 

recognize the sulfated sialyl-Lewisx , a tetrasaccharide carbohydrate moiety, on the 

WP	  
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surface of certain WBC and reversibly adhere to it (Figure 4). Thus, by interacting with 

the WBC the selectin proteins cause the WBC to slow down and begin to “tumble” and 

“roll” along endothelium. Once the WBC slow down, the integrins on their surface (LFA-

1) adhere to intracellular adhesion molecule-1 (ICAM-1) on endothelium and therefore 

WBC become activated to express various surface proteins depending on the 

inflammatory mediators.  Intracellular adhesion molecule-1 expression is up regulated 

during torpor, as it is most likely to be responsible for the increased leukocyte-endothelial 

cell interactions (Yasuma et al, 1997). This could be an adaptation to prevent problems 

associated with increased blood viscosity at cold temperatures.  Thus we expect that 

WBC may adhere to endothelial cells during torpor via adhesion molecules.  

 

 
 
Figure 4. Leukocyte adhesion to endothelial cells (blue) by selectin-mediated adhesion 
via sialyl-LewisX (S-LeX) antigen. Figure adapted from Immunobiology, Kenneth 
Murphy 2011.  
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Specific Objectives of this Study 
 

The research proposed herein is part of a study in which the ultimate goal is to 

determine the sites and mechanism of white blood cell retention during hibernation in 

ground squirrels. Investigating immune system cell function in ground squirrels has been 

hampered by a complete lack of ground squirrel WBC-specific monoclonal antibodies. 

Commercial antibodies against rat and mouse did not prove to be cross-reactive with 

ground squirrel WBC and even if they were, it would still be uncertain if they were 

binding specifically to ground squirrel CD antigen. Therefore, the development of 

specific monoclonal antibodies for ground squirrels was needed to study white blood cell 

localization during hibernation. 

The specific objectives of this study were: 

1) To generate hybridomas producing monoclonal antibodies specific for ground 

squirrel WBC CD antigens that would be useful in identification of different white 

blood cell types. 

2) To use the monoclonal antibodies generated to probe lymphoid organs of non-

hibernating and hibernating ground squirrel in order to look for evidence of WBC 

storage in the spleen and thymus during hibernation. 
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MATERIALS AND METHODS 

Ground Squirrel Blood Collection and White Blood Cell Purification 
 

An animal care and use protocol, approved by the Institutional Animal Care and 

Use Committee (IACUC), was used throughout this research project. A maximum of 1 ml 

of blood was collected from individual ground squirrels to obtain WBC for immunization 

of mice. Also, a maximum of 1 ml of blood was allowed to be collected during any two-

week period during the time frame that hybridomas were screened. The ground squirrels 

were anesthetized using isofluorane gas. Induction took place in an induction chamber 

with 5% isofluorane. After the animal was relaxed and in a light plane of anesthesia, it 

was removed from the chamber and placed on a heating pad in dorsal recumbency with a 

facemask delivering 1.5% - 3% isofluorane. The ventral side of the base of the tail was 

shaved to expose the tail artery. A 27-gauge needle was used to collect blood from the 

artery into a 3 ml syringe. Direct pressure with gauze was used to stop the bleeding.  

Once the blood collection process was complete, the gas was turned off and the animal 

was returned to its cage after it started to recover. 

Blood was collected from non-hibernating ground squirrels for white blood cell 

purification. The blood was pooled from four ground squirrels to increase the likelihood 

of including allelic variations in the CD antigens. White blood cells were purified by 

lysing red blood cells using an ice-cold hypotonic solution (0.2% NaCl) and washing in 

phosphate buffered saline (PBS). Fifteen milliliters of 0.2% NaCl solution was added to 
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every 4 ml of blood, for approximately 2minutes, followed by 15 ml of 1.6% NaCl to 

restore the isontic state of blood.  

Immunization of Mice 

Mice were immunized subcutaneously with 5 x 106 purified 13-lined ground 

squirrel white blood cells in saline mixed 1:2 with TiterMax Gold adjuvant in a total 

volume of 0.2 ml injected with a 26-gauge needle at two dorsal sites. TiterMax Gold was 

the chosen adjuvant because it is more potent in achieving an immune response and is less 

painful to the mouse compared to Fruend’s complete adjuvant (FCA). A 26 ga needle was 

used for immunizing. Two booster inoculations at day 21 and day 42 were given 

subcutaneously, using the same dose and volume. Ten days after the second boost, 0.1 ml 

of blood was collected from the medial saphenous vein, to check for an antibody response.   

Immunized mouse serum was tested for antibodies against ground squirrel white 

blood cells, by flow cytometry, after the second booster to determine if antibodies were 

being produced. Once adequate levels were achieved, mice were boosted once more 

intravenously with 1-2 x 106 ground squirrel white blood cells in 0.2 ml saline (no 

adjuvant).  Five days later, the mouse with the best response to ground squirrel WBC was 

euthanized by CO2 inhalation, and the spleen was removed for splenocyte isolation and 

fusion. One mouse was sacrificed at a time before each fusion for a total of three fusions.  

Generation of Hybridomas 

Myeloma cells (P3X-D12) were fused with immunized mice spleen cells to form 

hybridoma cells, which were grown in hypoxanthine- aminopterin- thymidine (HAT) 

medium for in vitro antibody production. The harvested mouse spleens were flushed with 

complete Dulbecco’s minimum essential medium (DMEM) to produce a suspension of 
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splenocytes. Approximately 5.0 x 107 splenocytes were fused with an equal number of 

P3X-D12 myeloma cells by mixing them together for seven minutes at 37°C in the 

presence of polyethylene glycol (PEG). After fusion, the fused cells were centrifuged at 

300 x g to remove the PEG and gently suspended in complete DMEM with HAT 

supplement, 20% fetal bovine serum (FBS), and 10% cloning supplement (Fisher, 

Hampton, NH) and then distributed among a 96-well microtiter plate for hybridoma 

screening purposes. Positive selected hybridomas were later sub-cloned by limiting 

dilution. 

Screening Hybridoma Clone Supernates by Flow Cytometry 

 Fifty microliters of the hybridoma supernate were mixed for 15 minutes on ice 

with 25 μl of ground squirrel blood. The cells were then washed with 500 μl PBS for 4 

minutes at 350 g. A secondary antibody, FITC F(ab)2 anti-mouse IgG(H+L), was added for 

15 minutes, and then the mixture was again washed with PBS. Red blood cells were lysed 

using 500 μl of FACSlyse for approximately 4 minutes or until lysis was evident and the 

blood was clear. Ficoll density gradient was sometimes used instead of lysis to achieve 

better separation of WBC from blood. A one to one ratio of Histopaque® and blood was 

added to a centrifuge tube and spun for 30 minutes at 1,800 RPM. Plasma was then 

aspirated off the top of the monocyte/lymphocyte-enriched layer of cells. After staining 

the isolated WBS with secondary antibodies, the cells were washed and re-suspended in 

2% formaldehyde fixative. The cells remained refrigerated until analyzed by flow 

cytometry (within a week) to check for positive monoclonal antibodies (Figure 5).  
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Figure 5. Side scatter (SS) is plotted against forward scatter (FS) on the flow cytometer to 
show normal white blood cell distribution (left graph). The middle graph highlights the 
sub populations of WBC and the debris cluster, which includes the platelets. The right 
graph shows a population of cells bound by the monoclonal antibodies when plotting SS 
versus fluorescence. In this example, the monoclonal antibodies produced are specific for 
mainly a lymphocyte marker but also some neutrophil and monocyte markers as well as 
seen by the vertical fluorescence along the Y-axis in the left plot. 

Purification of 9G8-B4 Antibodies 
 
 Hybridoma clone 9G8-B4 was selected for further investigation. After allowing 

the hybridoma cell media to turn yellow indicating exhaustive cell growth and maximum 

amount of antibody production, the supernatant was collected from ten “9G8-B4” 75cm2 

flasks. The supernatants were pooled and placed in an ice-cold water bath with a stir bar. 

An equal volume of saturated ammonium sulfate was added drop wise to the antibody 

solution until it turned cloudy pink. The solution was centrifuged at 3000g for 20 minutes 

at 4°C to form a pellet. The re-suspended pellet containing the antibody was placed in a 

membrane to dialyze in PBS buffer over night. The buffer was changed twice during the 

dialysis period to ensure the clearance of salt from the antibody solution. In order to 

purify IgG from other protein contaminants, such as albumin, a protein G antibody 

affinity chromatography column was used following the syringe purification method. A 

Neutrophils 

Monocytes 

Lymphocytes 

Debris 



	   20 

BCA protein assay (Thermo Scientific, Rockford, IL) was performed on the purified 

antibody solution to determine protein concentration. 

Immunoprecipitation and SDS-PAGE 

Immunoprecipitation was performed to check for the molecular mass of the 

antigen detected by “9G8-B4” monoclonal antibody. An AminoLink® Plus 

Immobilization column kit (Thermo Fisher Scientific, Rockford, IL) was used to 

conjugate the antibodies to the aldehyde-activated agarose beads on the column. The 

procedure for coupling protein using the pH 10 coupling buffer was followed using 

spleen and thymus lysates. The surface proteins of ground squirrel thymocytes and 

splenocytes were labeled with biotin and were then be solubilized using Brij detergent. 

Once the AminoLink® column was prepared, the solubilized proteins were mixed in the 

column to precipitate out the target antigen. Unbound proteins were washed away prior to 

adding SDS PAGE sample buffer and running the precipitated proteins on a gel. 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was 

used to visualize and confirm the molecular weight of the CD antigens. The 

immunoprecipitated solution was mixed in a sample buffer and run on a 10% SDS-PAGE 

gel containing a molecular weights standard (Precision Plus ProteinTM). The gel was then 

stained in Coomassie dye (Coomassie Brilliant Blue) to visualize the bands. For more 

accuracy, the gel was also stained in a silver stain solution (Pierce Color Silver Stain Kit).  

Immunohistochemistry using Light Microscopy 

 Ground squirrel frozen tissue (spleen and thymus) sections were cut into 6 μm 

cross sections using a cryotome. The harvested organs were tissue initally frozen down 

by embedding in HistoPrep media blocks and storing them at -80°C.  The tissue section 
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was fixed on a glass slide using acetone. The tissue was then blocked using rabbit serum 

for 30 minutes before adding the 9G8-B4 monoclonal antibodies for one hour. The slide 

was washed with phosphate buffered saline three times for 5 minutes each time, and 

alkaline phosphatase conjugated rabbit anti-mouse IgG was added for 30 minutes. The 

slide was washed before adding the substrate, amino ethyl carbazole (Sigma-Aldrich, 

Saint Louis, MO), followed by counterstaining with Gill’s hematoxylin. The slide was 

finally dipped in Scott’s solution, to fade out the hematoxcylin stain, and viewed under a 

light microscope. 

Phagocytosis Assay 

A phagocytosis assay was performed by Matthew Zuberbuehler using a pHrodo™ 

Red E.coli Bioparticles® kit (Life Technologies, Carlsbad, CA) in order to determine the 

phagocytic activity of cells during reduced body temperatures. When the phagocytic cells 

(monocytes and neutrophils) engulf the fluorescent bacteria at 37°C, they fluoresce. This 

assay was used in conjunction with “9G8-B4” antibodies to create a double-label plot in 

order to help tease apart the lymphocyte and monocyte sub populations that were 

overlapping on flow cytometry plots of side scatter vs. forward scatter.  
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RESULTS 
 

Flow Cytometric Analysis of Thirteen-Lined Ground Squirrel White Blood Cells 
 

Initially, whole ground squirrel peripheral blood was reacted with hybridoma 

supernates to screen for monoclonal antibodies.  After antibody staining, red blood cells 

were lysed using FACSLyse.  The remaining WBC were analyzed by flow cytometry, at 

which time it was discovered that the forward scatter versus side scatter profile of ground 

squirrel WBC was variable from animal to animal and often poorly defined.  This made it 

difficult to confidently distinguish distinct subpopulations of white blood cells 

(lymphocytes, monocytes and neutrophils).  To check whether the poor definition seen 

with the ground squirrel cells was due to instrument settings on the flow cytometer 

(which was a new instrument), human blood was analyzed for comparison.  Whole 

human blood was reacted with a hybridoma supernate containing antibody to human CD3, 

then the red blood cells were lysed using FACSLyse.  The forward scatter versus side 

scatter profile of these human white blood cells was very well defined, with clearly 

distinguishable lymphocyte and neutrophil populations, while ground squirrel cells 

prepared and analyzed under identical conditions were poorly defined (Figure 6).   
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Figure 6. Comparison of human (left) and ground squirrel whole blood collected in 
heparin tubes.  
 

Three possible reasons for poor definition of ground squirrel WBC were 

considered.  First, ground squirrel blood samples were extremely lipemic, and it was 

thought that lipid could be interfering with the light scatter patterns of the white blood 

cells (Figure 7A).  Because blood was always collected in the same manner, and the only 

visible difference among samples from different animals was the amount of lipid in the 

blood it was also thought that this might account for the light scatter patterns varying 

from animal to animal.  There may have been a correlation between the time of year and 

lipid concentration in blood.  This could not be tested, however, because individual 

animals could not be tracked throughout an entire year.  Figure 2B-C shows the 

variability in light scatter patterns from different animals at different times of year. 

 

Human whole blood treated with 
FACSlyse and stained with human 
anti-CD3. 

Non-hibernating ground squirrel 
whole blood treated with 
FACSlyse and stained with 9G8-
B4 antibodies. 
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Figure 7.  A.  Pooled whole blood from three non-hibernating ground squirrels (#s: 
L100205, L100401, 120301) collected in February in an ACD vacutainer tube showing 
high degree of lipemia.  B.-D.  Variability in light scatter plots of FACSlysed non-
hibernating ground squirrel blood taken from different animals and at different times of 
the year.  Blood was pooled from two animals in the month of April (B.) to test many 
hybridoma supernate samples.  

 
A second explanation for the poor light scatter characteristics of ground squirrel 

white blood cells might have been that the ground squirrel red blood cells were more 

resistant to lysis by FACSLyse by comparison to human red blood cells.  This appeared 

true by direct observation of the red blood cell lysis step.  Perhaps incubating squirrel 

blood with FACSLyse for a longer time in order to lyse the red blood cells was causing 

shrinkage and/or destruction of the white blood cells.  To test this theory whole ground 

squirrel blood was compared to FACSLysed bood on a light scatter plot and this provided 

evidence that confirmed that FACLyse was causing a loss of white blood cells (Figure 8).     

B. April.  Animal #s 
  L110101 & L100209 

C.   July. Animal #: 09WC12  

A. 

D.   September.  
      Animal #: 120402 



	   25 

To avoid this pitfall, a switch was made from using FACSLyse to using a Ficoll gradient 

to isolate mononuclear cells (monocytes and lymphocytes) from whole blood.   

 
 
 
 
 
 

 
 
 
 
 
 
 
Figure 8. Effect of FACSlyse on ground squirrel blood WBCs (rectangular box). Adding 
FACSlyse to whole blood resulted in a significant reduction in the white blood cell 
population. 
 

A third explanation for the poor definition of WBC populations was the use of  

acid-citrate-dextrose (ACD) anticoagulant.  A directly observed comparison of heparin 

and ACD anti-coagulated blood revealed that heparin achieved better separation of white 

blood cells from red blood cells when Ficoll gradient was performed (Figure 9A).  Flow 

cytometry light scatter plots confirmed these findings (Figure 9B-C).   

 

 

 

FACSlysed blood Whole blood 
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Figure 9A. Direct comparison of blood collected in heparin (left) and ACD (right) then 
centrifuged through a Ficoll gradient.  Side Scatter vs Forward Scatter plots of the same 
blood shows a better separation (arrow) of the mononuclear cell population on the right 
from the debris and red blood cell cluster on the lower left when heparin was used 
compared to ACD. 
 

Based on these findings, it was determined that centrifuging heparinized blood 

through a Ficoll gradient gave best light scatter results for ground squirrel mononuclear 

cells, and so this procedure was used to screen hybridoma sub-clone supernates. 

Hybridomas Specific for Thirteen-Lined Ground Squirrel White Blood Cells 

Forty-three hyrbidomas were generated in house from mice immunized with 

purified ground squirrel white blood cells.  Out of the 43 generated, seven were selected 

based on colony size for further analysis: 1A3, 9G8, 9G9, 12A10, 12G9, 14A7, and 17D6. 

Based on flow cytometric analysis using Ficoll purified mononuclear cells, three tested 

positive for antibodies reactive with ground squirrel WBC: 9G8, 9G9, and 12G9. 

Antibody 9G8 appeared to react with approximately 50% of mononuclear cells 

(Figure 10) and was selected for further analysis and characterization. Hybridoma 9G8 

was sub-cloned by limiting dilution in a 96-well plate to confirm monoclonality. Of 

fourteen 9G8 subclones tested, twelve resembled the parent clone and two were negative 

B.  Heparin C.  ACD A. 
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(Figure 11). The B4 subclone was selected for further characterization. The monoclonal 

antibody was isotyped with a rapid isotyping kit and found to be IgG1Kappa. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Thirteen-lined ground squirrel blood mononuclear cells purified by Ficoll 
gradient. A) SSC versus FSC plot showing a gate on the lymphocyte and monocyte 
populations. B) SSC versus FL-1 of the negative control, human anti-CD3, showing 1.9% 
shift in fluorescence in Q1-LR. C) SSC versus FL-1 of the positive control, showing 
99.1% shift in fluorescence in Q1-LR. Positive control used was ground squirrel WBC 
immunized mouse sera, diluted at 1/10. D) SSC versus FL-1 of the 9G8 hybridoma cells 
with a 50.1% shift in fluorescence seen in the Q1-LR. A secondary antibody, FITC anti-
mouse IgG(H+L), was used to detect the monoclonal antibody bound cells. 

 

 

 

 

 
 
 
Figure 11. Thirteen-lined ground squirrel mononuclear cells reacted with supernate from 
negative subclone 9G8-F6 and positive subclone 9G8-B4. 
 

Negative subclone Positive subclone 

A. B.

C.	   D.	  
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Four commercial monoclonal antibodies were purchased from AbD Serotec to 

check if they were cross reactive with ground squirrel blood: 1) hamster anti-mouse 

CD11c antibodies labeled with biotin, 2) rat anti-mouse macrophage antibodies labeled 

with R-Phycoerythrin (RPE), 3) mouse anti-rat CD8 (RPE), and 4) rat anti-mouse CD4 

(RPE).  None of the antibodies tested cross-reacted with squirrel WBC antigens.  

9G8-B4 Appears Reactive with Thirteen-Lined Ground Squirrel Phagocytes 

A phagocytosis assay was performed in order to determine if the 9G8-B4 

monoclonal antibodies were reactive with phagocytic (neutrophils and monocytes) or 

non-phagocytic cells (lymphocytes).  In this assay, a dual plot was created by plotting 

cells bound by 9G8-B4 labeled with FITC against pHrodo™ Red E. coli to indicate if 

9G8-B4 was specific for an antigen on phagocytic or non-phagocytic cells. 

A gate was created to check for a shift in cell population on FITC vs. pHrodo™ 

Red E.coli plots to determine if 9G8-B4 antibodies are reactive with lymphocytes. 

Lymphocyte gated cells did not shift either on the FITC, suggesting 9G8-B4 antibodies 

are not specific for lymphocyte markers, or pHrodo™ Red E.coli axes which is to be 

expected as lymphocytes are not phagocytic (data not shown). Another gate was created 

for phagocytic cells. When pHrodo™ Red E.coli containg cells were incubated with 

human anti-CD3 a shift in cells was seen along the x-axis but not the Y-axis, which is to 

be expected as anti-CD3 is not reactive with ground squirrel cells. Similarly, when cells 

were stained with 9G8-B4 without pHrodo™ Red E.coli fluorescence was only seen 

along the vertical axis. The dual label plot of cells incubated with fluorescent E.coli and 

stained with 9G8-B4 indicated that the monoclonal antibodies are reactive with either a 
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monocyte or neutrophil marker as evident by the increase in fluorescence from 0% (plot 

B) to 8.3% (plot C) in the upper right quadrants (Figure 12).  

 

 

 

 

 

 

 
Figure 12.  Dual label plots of monocyte and neutrophil-gated cells. A. pHrodo™ red 
E.coli containg cells incubated with human anti-CD3 for negative control. B. Phagocytic 
cells stained with 9G8-B4 without pHrodo™ Red E.coli. C. pHrodo™ red E.coli 
containg cells stained with 9G8-B4.  

Monoclonal Antibody 9G8-B4 Reacts with Thirteen-Lined Ground Squirrel  

Macrophages 
	  

Non-hibernating ground squirrel spleen and thymus sections were stained with 

9G8-B4 in order to further determine its reactivity with lymphocytes, monocyte-derived 

macrophages and other white blood cells in lymphoid organs.  9G8-B4 stained 

macrophages in the red pulp and marginal zone of the spleen and a few cells (likely also 

macrophages) in the B cell follicles of the white pulp.  T cells and B cells in the white 

pulp were not stained suggesting that 9G8-B4 does not react with lymphocytes.  In 

thymus sections 9G8-B4 reacted with single cells scattered throughout the tissue, which 

is typical of thymic macrophage distribution.  The vast majority of cells in the thymus –

immature and mature T cells, did not react with 9G8-B4, excluding the possibility of T-

lymphocyte staining (data not shown).  
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Comparison of Macrophages Present in Hibernating and Non-hibernating 

Ground Squirrel Spleen and Thymus 

 Macrophage staining in the spleen showed one distinct difference in hibernating 

versus non-hibernating animals (Figure 13).  While the general distribution of cells was 

the same throughout the tissue in hibernators and non-hibernators, larger and fainter 

“pools” of stained cells were seen in the splenic red pulp of hibernators but not non-

hibernators, consistent with an accumulation of macrophages in splenic sinuses in 

hibernating animals.  Comparison of macrophage staining in thymus sections from 

hibernators and non-hibernators revealed no difference (data not shown).   

 
 

Figure 13. Comparison of macrophage staining pattern in thirteen-lined ground squirrel 
spleen sections from hibernating and non-hibernating animals. A. Negative control 
(mouse anti-human CD3), B. 9G8-B4 reacted with non-hibernating spleen, C and D 9G8-
B4 reacted with hibernating spleen. Magnification: A,B,D 100 X, C 40 X.   

 
Purification of the WBC Antigen Recognized by 9G8-B4 

 
 Non-hibernating ground squirrel spleen lysate was applied to an affinity 

chromatography AminoLink® column containing 9G8-B4-conjugated beads in order to 

A. B. 

C. D. 
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isolate 9G8-B4’s target WBC antigen.  The column eluate was electrophoresed in 

multiple lanes in a 10% SDS-PAGE gel and stained with Coomassie blue.  A 130 kDa 

band appeared in, and between all of the lanes (Figure 14).  For increased sensitivity, 

silver staining was performed with the same gel and revealed four more bands between 

the 50 and 75 kDa bands.  These were determined to be artifacts associated with the 

sample buffer because buffer alone run on a different gel generated the same 50-75 kDa 

bands, but not the 130 kDa band.  

 

 

 
 
 
 
 
Figure 14. 10% SDS PAGE gels.  All lanes except far right lanes (MW) loaded with 9G4-
B8 affinity column eluate from ground squirrel spleen lysate. Coomassie blue stain (left) 
showed a single band at ~130 kDa.  Silver stain (right) showed the band at ~130 kDa (red 
arrow) plus 4 additional lower molecular mass bands (indicated by green bracket).  These 
lower molecular mass bands were artifacts.
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DISCUSSION 

Development of a Monoclonal Antibody Specific for Thirteen-Lined Ground  

Squirrel Monocytes/Macrophages 
 

We have succeeded in developing a ground squirrel monocyte/macrophage 

specific monoclonal antibody and confirmed that it works in a variety of applications 

including flow cytometry and immunohistochemistry. We tested a small number of 

commercial rat, hamster, and mouse antibodies specific for CD 4, 8, and 11 and 

confirmed that they do not react with ground squirrel white blood cells. This further 

illustrates that testing commercial antibodies is costly and not guaranteed to work.  Even 

if they proved to be cross-reactive, it would still be uncertain if they were binding 

specifically to ground squirrel CD antigen.  We were unable to determine specifically 

which WBC the 9G8-B4 antibody was specific for by flow cytometric analysis alone, as 

distinct cell populations (monocytes and lymphocytes) were not distinguishable in ground 

squirrel blood as compared to human (Figure 6). However, when the phagocytosis dual-

label assay was performed, the fluorescence seen when the cells were stained with the 

9G8-B4 antibodies and incubated with E.coli was a strong indication that the antibodies 

are specific for a phagocytic cell, either a monocyte or neutrophil. Since blood was 

subjected to Ficoll gradient and only the lymphocyte and monocyte layer was used during 

the phagocytosis assay, the antigen must be a monocyte marker. Immunohistochemistry 

further confirmed our findings as the staining pattern in both the spleen and thymus were 

scattered throughout the tissue and not in confined locations, which is consistent with 
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macrophage staining in tissue.  The staining pattern of the red pulp in the spleen 

revealed that the antibody reacts with macrophages and not with lymphocytes, as there 

was lack of staining in the B and T cell zones of the white pulp.  

Hibernating Ground Squirrels Exhibit Increased Macrophage Staining in 

Splenic Sinuses 

A distinct difference in the spleen of hibernators, compared to the non-hibernators, 

was seen. More specifically, the stained spleen tissue of hibernators had larger “pools” of 

stained cells, which are consistent with splenic sinuses (Figure 13).  Sinuses are wide 

vessels that are lined by a discontinuous layer of endothelial cells, which run parallel to 

an arrangement of stress fibers. The arrangement of fibers and endothelial cells, together, 

force the blood from the tissue into the sinuses leaving behind aging erythrocytes - 

making it easier for macrophages to phagocytize the damaged cells. The filtering of blood 

in the sinuses allows the blood to become less viscous as damaged red blood cells are 

retained in the tissue and do not circulate in the blood (Reina Mebius and Georg Kraal, 

2005). Thus, the blood becomes less viscous which relieves the heart of added stress, 

greatly reducing the chances of a clot.  It is unknown whether macrophages retain this 

function during hibernation, perform other special hibernation-related functions, or are 

simply in storage in the splenic sinuses.   

Our findings also support the hypothesis that monocytes are adhered to 

endothelial cells, in the spleen, during torpor and not within the tissue itself. Since 

staining is primarily confined to sinuses in hibernating tissue, we believe that the 

macrophages are adhered to the endothelium of sinus vessels. Previous studies 

demonstrated that splenectomized ground squirrels still resulted in the disappearance of 
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lymphocytes from the blood. Therefore, spleen is either not a major organ for lymphocyte 

storage, or other organs can take over the storage function of the spleen. Further 

investigation is needed to determine if monocyte levels are affected by a splenectomy in 

order to determine if the spleen is the major retention site for macrophages during torpor.  

Absolute and differential white blood cell counts are available from some splenectomy 

experiments conducted in Dr. Scott Cooper’s laboratory.  This data will be re-analyzed 

with specific attention paid to monocyte numbers.  A typical macrophage-staining pattern 

was also observed in the thymus. However, there was no difference between the 

hibernating and non-hibernating animals suggesting that the thymus does not play a 

significant role in macrophage recruitment and storage during hibernation.  

Unexpected Challenges and Possible Solutions for Working with Thirteen-

Lined Ground Squirrel Blood 

Due to the physiological changes ground squirrels undergo during hibernation, it 

has been difficult working with their blood. Amongst other things, the most noted 

challenges were the lack of consistency in WBC light scatter patterns generated by flow 

cytometry, resistance of erythrocytes to lysis, and difficulties in obtaining clean 

separation of WBC from red blood cells using density gradient centrifugation due to 

apparent changes in density of WBC and erythrocytes in lipemic blood.  Although blood 

collection was always performed in the same way, white blood cell light scatter patterns 

observed during flow cytometry varied significantly from animal to animal and at 

different times of year. This could be attributed to the physiological changes that occur 

throughout the hibernation and active periods or it could be due to animal to animal 

variation.  In order to examine this further, blood samples from at least six individual 
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ground squirrels would need to be collected throughout the year in order to compare 

individual animals WBC patterns at different time points. Additionally, ground squirrel 

red blood cells proved to be resistant to lysis, which resulted in FACSLyse performing 

poorly in attempts to obtain pure WBC preparations devoid of red blood cell 

contamination.  Because red blood cells overlap in size with small lymphocytes, this 

resulted in an inability to resolve these cells by light scatter during flow cytometry. 

Resistance to lysis could be due to the thinning of the cell membrane that would cause the 

cell to become flatter, and therefore fragment less readily (Dawe and Spurrier, 1972).  

Resistance to lysis could also be the result of active mechanisms used by hibernating 

mammal erythrocytes to maintain electrolyte homeostasis during changing conditions of 

temperature and hydration.  Erythrocytes of hamsters and ground squirrels (hibernators) 

but not guinea pigs (nonhibernators) were shown to lose potassium ions more slowly than 

expected when stored in vitro for up to ten days at 5°C (Kimzey and Willis, 1971). 

Future Directions for Studying Monocytes/Macrophage Changes in 

Hibernating Ground Squirrels 

Although density gradient purification (Ficoll and Percoll) is an optimal way to 

separate mononuclear cells from red blood cells, the lipemic blood of ground squirrels 

makes it more challenging to achieve a distinct separation.  Also Ficoll does not allow 

separation of neutrophils and other granulocytes from red blood cells.  Therefore, it 

would be useful to look into methods for red blood cell lysis by manipulating the 

FACSlyse buffer and other hypotonic lysis buffers to see if they would lyse RBC better at 

a lower ionic strength.  Achievement of effective red blood cell lysis would then allow 

flow cytometry analysis of neutrophils as well as lymphocytes and monocytes.  
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In this study we have examined spleen and thymus only for changes in 

macrophage presence during hibernation. Previous studies have suggested other sites for 

WBC retention; therefore 9G8-B4 may be further used to probe other organs including 

liver, lung, and bone marrow to check potential storage sites for monocytes/macrophages 

during hibernation. Since the effect of hibernation on immune system cells is poorly 

understood, having ground squirrel specific antibodies will be useful for future studies of 

functionality of monocytes/macrophages during hibernation.
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CONCLUSION 
	  

The objective of this research was to develop monoclonal antibodies specific for 

ground squirrel WBC in order to assess where white blood cells are retained during 

hibernation. We have successfully developed a monoclonal antibody specific for thirteen-

lined ground squirrel monocytes and macrophages and determined that 

monocytes/macrophages adhere to blood vessel walls in the sinuses of the spleen in 

increased numbers during hibernation.  The underlying reason or purpose for this 

localization of macrophages in splenic sinuses of hibernating ground squirrels is currently 

open to speculation.  The monoclonal antibody we have developed should prove useful as 

a tool in further studies aimed at elucidating the function of splenic macrophages during 

hibernation.  It will also be used to probe other hibernating ground squirrel tissues for 

evidence of macrophage storage.  Finally much has been learned in the course of this 

project regarding the behavior of thirteen-lined ground squirrel blood during flow 

cytometric analysis.  This baseline knowledge will hopefully guide investigators in 

finding improved techniques for identifying ground squirrel WBC by flow cytometry – 

an advance that will be important in enabling researchers to decipher immune system 

changes during hibernation.   
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