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Abstract:  

Cytokines as mediators of the immune response are useful parameters to assess 

the immune status of mammals.. Especially in newborn animals the developing 

immune system is important for survival. However, only little information is 

available for pinnipeds. Therefore, cytokine expression in blood samples of 14 

harbor seal pups, collected at the German North Sea coast and rehabilitated in the 

Seal Centre Friedrichskoog, were analyzed. Six animals in 2004 and eight in 2005 

were investigated immediately after arrival and after 2-3 month just prior to their 

release into the North Sea. The mRNA expression of cytokines interleukin (IL)-1β, 

IL-2, IL-4, IL-6, IL-8, IL-10, IL-12, interferon (IFN)γ, and transforming growth factor 

(TGF)β, as well as of acute phase proteins haptoglobin (HP), heat shock protein 

(HSP) 70 and metallothionein (MT) 2 were analyzed using real time RT-PCR. The 

cytokine expression in pups varied between animals and years, but interesting 

trends were obvious. Higher levels of pro-inflammatory cytokines IL-1β, IL-6, IL-8, 

and IL-12 were found at admission, consistent with an activated immune system, 

whereas the anti-inflammatory cytokine IL-4 was increased before release, 

suggesting recovery from infections and a mature immune system. This study 

indicates that cytokines detection is highly sensitive for the status of the immune 

system of harbor seals. 

 

 

 

Keywords: harbor seal, Phoca vitulina, pups, real-time RT-PCR, cytokine, 

interleukin, acute phase protein, haptoglobin, heat shock protein, metallothionein 
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Introduction: 

Cytokines are important mediators of the immune system (Di Piro, 1997; Elenkov 

and Chrousos, 1999; Kidd, 2003; Lucey et al., 1996; Mosmann and Sad, 1996). 

Pro-inflammatory cytokines such as interleukin (IL)-1β, IL-6, IL-8, IL-12, and 

tumour necrosis factor (TNF)α, and anti-inflammatory cytokines such IL-4 and IL-

10 are differentiated (Elenkov and Chrousos, 1999; Kidd, 2003; Mosmann and 

Sad, 1996). Furthermore, for medical purposes cytokine expression is used to 

differentiate lymphocyte subpopulations. T helper cells-1 (Th-1) primarily secret IL-

2, and interferon (IFN)γ, whereas T helper cells-2 (Th-2) produce IL-4, IL-5, IL-10, 

IL-13, and transforming growth factor (TGF)β (Elenkov and Chrousos, 1999; Kidd, 

2003). 

Pro-inflammatory cytokines, IL-1β, IL-6 and TNFα, stimulate acute phase protein 

(APP) expression, such as haptoglobin (HP), heat shock protein (HSP) 70 and 

metallothionein (MT) 2. Liver is the primary site of APP synthesis, but expression 

has also been reported in macrophages or lymphocytes (Allan et al., 2000; Kostro 

et al., 2001). APPs play an active role in modulating immune responses and are 

used as marker for infection and stress (Kostro et al., 2002; Murata et al., 2004; 

Petersen et al., 2004).HP inhibits the production of pro-inflammatory, but not anti-

inflammatory cytokines in human monocytes and reduces respiratory burst activity 

of human neutrophils (Oh et al., 1990; Arredouani et al., 2005). MT 2 participates 

in acute phase response, detoxification of heavy metals and scavenging of free 

radicals (Bremner and Beattie, 1990; Davis and Cousins, 2000). The APP HSP)70 

is highly conserved and known to be involved in immune responses to several 

bacterial, viral and parasitic pathogens (reviewed by Young, 1990; Njemini et al., 

2002).  
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These proteins are useful to assess the immune status in mammals. Several 

studies investigated cytokine-like activities or cytokine/APP expression in whales 

or dolphins (Beineke et al., 2004, 2006, Denis and Archambault, 2001; Fonfara et 

al., 2007a, b; Funke et al., 2003; Inoue et al., 1999a, b, c, 2001; Ness et al., 1998; 

Shoji et al., 2001; St-Laurent et al., 2000). For harbor (Phoca vitulina) and grey 

seals (Halichoerus grypus) IL-1-like activity in leukocytes is reported (King et al., 

1995). IL-2 was investigated in northern elephant seals (Mirounga angustirostris; 

Shoda et al., 1998), grey seals (St-Laurent et al., 1999) and harbor seals (Di 

Molfetto-Landon et al., 1995). IL-2 and IL-4 was used to characterize metal-

specific hypersensitivities in a grey seal (Kakuschke et al., 2006). IL-6-like 

activities and sequencing of IL-6 cDNA fragments was performed for harbor and 

grey seals (King et al., 1993, 1996). MT expression in peripheral blood leukocytes 

of grey seals was reported by Pillet et al. (2002). To the author’s knowledge, 

reports of three cytokines (IL-1, IL-2, and IL-6) exist for harbor seals. Analysis of a 

wide range of cytokines/APPs in this species is missing. 

Furthermore, few studies only investigated newborn seals, although development 

of the immune system is essential for survival. At birth the immune system of 

marine mammals is not completely developed, reflected by low immunoglobulin 

levels. As temporary protection, pups receive maternal antibodies with colostrum 

(King et al., 1998; Ross et al., 1993, 1994). Incomplete development of the 

immune system in newborn grey seals was shown by reduced phagocytic activity 

of macrophages and reduced lymphocyte transformation  (Lalancette et al., 2003). 

However, newborn harbor seals revealed strong mitogen-induced lymphocyte 

proliferation , consistent with  developed T-lymphocyte function (Ross et al., 1993, 

1994; Kakuschke et al., 2008), but increased susceptibility to toxic effects of 
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metals (Kakuschke et al., 2008). This result supports the conclusion that the 

harbor seal newborns have a relative immunocompetence as reflection of an 

evolutionary adaptation to its short nursing period and limited maternal care (Ross 

et al., 1994).  

In this study quantitative PCR for the detection several cytokines and APP was 

established to investigate expression pattern in newborn harbor seals, the 

development of the immune system in first months of life and to obtain possible 

markers for the immune status. To the authors knowledge this is the first report of 

amplification of harbor seal GAPDH, IL-4, IL-8, IL-10, IL-12, IFNγ, TGFβ, MT and 

HSP70 with RT-PCR. 

 

Materials and Methods: 

Animals: Six and eight abandoned harbor seal pups were collected during birth 

period from June until July at the coast lines of the German North Sea in 2004 and 

2005, respectively. . Pups, which were likely to survive, were rehabilitated in the 

Seal Centre Friedrichskoog. A veterinary examination, including  weight, length, 

body condition, body temperature, physical examination and blood sampling of the 

animals was performed immediately after collecting the seals. EDTA blood was 

taken from the epidural vertebral vein for haematology and RNA isolation for this 

study. A second blood sample was taken just before release of the seals back into 

the North Sea. At that time point they animals have gained a weight of at least 25 

kg and revealed no clinical signs of disease. Blood samples were processed within 

one hour after sampling. Haematology was performed by Dr. Driver 

(Kleintierpraxis, Reinsbuettel, Germany). White blood cell count of all animals was 
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within the normal range ( 6-12*103 mm-3; Siebert et al., 2006). Details of the 

animals investigated are listed in Table 1.  

 

 

Primer design: 

Primers for the detection of IL-1β, IL-2, IL-4, IL-6, IL-8, IL-12, IFNγ and HP, HSP, 

MT2 were selected from conserved nucleotide sequences of published 

sequences. Sequences of different species (depending on availability bovine, 

ovine, canine, mice, equine,) were compared choosing regions of great homology. 

Primer sequences, annealing temperatures, and length of amplicons are listed in 

Table 2. For the house-keeping gene GAPDH, for IL-10 and TGFβ published 

primer pairs for harbor porpoises (Phocoena phocoena) from Beineke et al. (2004) 

were used. 
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Reverse Transcriptase-Polymerase Chain Reaction: 

Total RNA was isolated from 300µl EDTA blood by Ambion blood kit (Ambion 

Europe, Huntington, Cambridgeshire, United Kingdom). RNA isolation was 

performed according to the manufacturer’s protocol. After DNase treatment 

(Ambion Europe, Huntington, Cambridgeshire, United Kingdom), 80-100ng/µl RNA 

was reverse transcribed with murine reverse transcriptase (RT-PCR Core Kit, 

Applied Biosystems; Weiterstadt, Germany) and the resulting cDNA served as a 

template for real-time PCR using the thermocycler MX4000 (Stratagene Europe, 

Amsterdam, Netherlands). For real-time quantification the Brilliant SYBRGreen 

QPCR Master Mix (Stratagene Europe, Amsterdam, Netherlands) was used. It 

contained SYBRGreen I as a fluorescence dye, dNTPs, MgCl2 and a hot start Taq 

DNA polymerase. The fluorescence response was monitored in a linear fashion as 

the PCR product was generated over a range of PCR cycles. For each cytokine 

and APP a dilution series from 109 copies to 102 copies was prepared which 
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served as a standard curve. The PCR started with an initial step at 95°C for 10 

min, followed by 40 cycles with denaturation at 95°C for 1 min, annealing 

temperature for 30 sec, and elongation at 72°C for 1 min. The annealing 

temperatures are shown in Table 2. The fluorescence was measured at the end of 

the annealing and at the end of the dissociation program at a wavelength of 

530nm. To exclude measurement of non-specific PCR products and primer dimers 

and to determine a true amplification the PCR was followed by a dissociation 

program for 1 min at 95°C, succeeded by 41 cycles during which the temperature 

was enhanced each cycle, starting at 55°C and ending at 95°C. Only PCR 

reactions with one well defined peak were used for analysis. All PCR reactions 

were performed in duplicates. The constitutively expressed house-keeping gene 

GAPDH was used as control gene and to normalize cytokine and APP expression. 

Cytokine and APP expression index (EI) was calculated as follows: 

 

EI =  x 106 

 

To verify the true amplification of cytokines and APPs, the PCR-products were 

sequenced (Seqlab Laboratories, Göttingen) and sequences were published in 

GenBank (NCBI, Table 2). 

 

Results: 

Blood samples of six and eight animals were investigated in 2004 and 2005, 

respectively. GAPDH as house keeping gene was amplified in all blood samples. 

Interestingly, mRNA of cytokines and APP were present in blood samples of all 

Number of cytokine copies  

Number of GAPDH copies
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animals. Sequencing of PCR products showed amplification of the appropriate 

cytokine, which supports the use of this method with seal blood.  

 

Cytokine expression: 

In 2004, expression of IL-1β, IL-6, IL-8 and IL-12 mRNA decreased between 

admission and release for the majority of pups (Fig. 1). An exception was Pv 4, 

wherean increase of IL-1β, IL-6, and IL-8 was present. Pv4 revealed also higher 

mRNA amounts in comparison to other seals of this study. Additionally, APP 

mRNA expression increased over the time period of investigation (see also 

below). 

For IL-4 an increase in mRNA expression was detected in most animals (Fig. 1). 

IL-10 mRNA expression increased in two pups (Pv 2, Pv 3), whereas four pups 

(Pv 1, Pv 4, Pv 5, Pv 6) revealed a reduced levels comparing  admission and 

release (Fig. 1). 

IL-2, and IFNγ mRNA expression increased in most animals during the time of 

investigation (Fig. 1). Exceptions were IFNγ mRNA levels in Pv 3, and IL-2 in Pv 2, 

where lower levels at release were present.  

The TGFβ mRNA expression decreased between admission and release in blood 

samples of three pups (Pv 1, Pv 3, Pv 5), and increased in three other pups (Pv 2, 

Pv 4, Pv 6) (Fig. 1).  

In 2005, cytokine expression was highly variable between the animals. Comparing 

expression of IL-1β, IL-2, IL-4, IL-6, IL-8, and IFNγ  at arrival and before release a 

wide range of cytokine levels were present at arrival, whereas variability between 

single animals was reduced at release (Fig. 3). 
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IL-1β, IL-6, IL-8 and IL-12 mRNA expression decreased in most pups between 

admission and release, comparable to 2004 (Fig. 3). In detail, for IL-1β decreasing 

levels were found in four of eight pups (Pv 8, 9, 11, 12). For IL-6 five of eight pups 

(Pv 7, 8, 9, 11, 13), and for IL-8 and IL-12 four of eight pups (Pv 8, 9, 11, 13) 

revealed reduced mRNA levels at release. 

IL-4 mRNA amounts increased in five of eight pups (Pv 9, 10, 11, 12, 14) (Fig. 3). 

IL-10 mRNA levels were low in comparison to 2004, and increased from 

admission to release in blood samples of four pups (Pv 7, 9, 10, 14).Two pups (Pv 

8, 11) showed an increase and two pups only minor differences (Pv 12, 13) in IL-

10 mRNA expression (Fig. 3).  

IL-2, and IFNγ mRNA increased in the majority of pups (Fig. 3). In detail, six of 

eight pups (Pv 9, 10, 11, 12, 13, 14) revealed an increase in IL-2, and five of eight 

pups (Pv 9, 10, 11, 12, 14) showed elevated IFNγ mRNA amounts. 

TGFβ mRNA expression decreased during rehabilitation in  two pups (Pv 8, 11), 

and increased or were unchanged in six other pups (Pv 7, 9, 10, 12, 13, 14) (Fig. 

3).  

 

APP expression: 

In 2004, mRNA expression of the APPs HP and HSP increased between 

admission and release (except for Pv 1). MT2 mRNA increased in three pups and 

decreased in three other pups. As mentioned above, Pv 4 showed an increase in 

HP, HST and MT2 mRNA and, for HSP and MT2  higher values than other pups at 

release. 

In 2005, higher HP mRNA levels were detected for several pups in comparison to 

2004. Furthermore, expression was highly variable between animals.  HSP mRNA 
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decreased during rehabilitation in majority of pups, which was in contrast to results 

of 2004.. MT2 mRNA expression  revealed less variability between animals. 

Majority of animals showed lower MT2 mRNA amounts in comparison to animals 

investigated in 2004. However, a ca reduction of MT2 mRNA was obvious. 

 

 

Figure 1: Expression index (EI) of IFNγ, IL-2, -4, -1β, -6, -8, -10, -12, and TGFβ in 
blood samples of six harbor seal pups (Pv 1 - Pv 6) taken at admission and before 
release in 2004.  
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Figure 2: Expression index (EI) of haptoglobin (HP), heat shock protein 70 (HSP) 
and metallothionein 2 (MT2) in blood samples of six harbor seal pups (Pv 1 - Pv 6) 
taken at admission and before release in 2004.  
 

 

Figure 3: Expression index (EI) of IFNγ, IL-2, -4, -1β, -6, -8, -10, -12, and TGFβ in 
blood samples of eight harbor seal pups (Pv 7 - Pv 14) taken at admission and 
before release in 2005.  
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Figure 4: Expression index (EI) of haptoglobin (HP), heat shock protein 70 (HSP) 
and metallothionein 2 (MT2) in blood samples of eight harbor seal pups (Pv 7 - Pv 
14) taken at admission and before release in 2005.  
 

 

Discussion: 

A developing immune system of harbor seal pups is crucial for their survival. 

mRNA expression of cytokines and APP, as mediators of the immune system, was 

analysed  in blood samples of harbor seal pups at admission in the seal station 

and before release into the wild. Individual variations were present, , but trends 

were obvious. Single animals with obvious changes in expression could be 

identified. Unfortunately follow-up is not possible. Therefore progression of these 

animals after rehabilitation is not known. Amplification and sequencing of the 

house-keeping gene GAPDH, cytokines and APPs showed the use  of this method 

with seal blood.  

 

In 2004 cytokine mRNA expression pattern showed similar trends in all seal pups. 

These animals were collected at two consecutive days, suggesting similar 

environmental conditions (e.g. weather), and were of similar weight and age . In 

2005 results revealed higher variability. These animals were collected and 
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sampled over one month and varied in age and weight. Differences between 

animals are likely due to individual regulation and several impact factors on 

cytokine expression (Di Piro, 1997; Elenkov and Chrousos, 1999; Elenkov et al., 

2005; Iwakabe et al., 1998; Kidd, 2003; Lucey et al., 1996). 

Most pups revealed increased pro-inflammatory cytokine levels at admission in the 

Seal centre. These values decreased during rehabilitation, whereas anti-

inflammatory cytokines, IL-4 and IL-10, increased during this time period. Baseline 

levels of cytokine expression are not known in harbor seals. Therefore, the 

differentiation of an increase or reduction into physiological levels or changes 

consistent with pathological conditions is not possible. However, the alterations 

over time were obvious. In harbor porpoises an increase of pro-inflammatory 

cytokines during suspected infection was present (Fonfara et al., 2007b). Bacterial 

infection and malnutrition resulted in increased IL-1, IL-6, IL-8, and CPR levels 

(Enwonwu et al. 2005; Yeung et al. 2004). Therefore, increased levels of IL1-, IL-

6, IL-8, and IL-12 found in pups at admission might be consistent with poor body 

condition and infection. Although the infection was not confirmed by WBC, altered 

cytokine expression  is likely to be present before changes in WBC occur. 

IL-2, IL-4, and IFNγ mRNA expression increased during rehabilitation, in particular 

in animals sampled in 2004. Similar results were reported by Härtel et al. (2005), 

who found an age dependent upregulation of IL-2, IL-4, and IFNγ. This might 

reflect physiological maturation of humoral and cellular immune response. Clinical 

implications or physiological variation was suspected for subjects who failed to 

produce IL-2, IL-4, or TNFα which is (Härtel et al., 2005), similar to the results 

presented here.  During rehabilitation of pups  recovery from infection and 

development of the mmune system into a mature immune system will have an 
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impact on cytokine expression (Hall, 1998; King, et al., 1998; Lalancette et al., 

2003; Marchant and Goldman, 2005; Ross et al., 1993, 1994). A separation of is 

not possible. 

It was not possible to differentiate Th-cell subpopulations in the seal pup blood 

samples. IL-2 and IFNγ as Th1 cytokines and IL-4 as Th2 cytokine were combined 

expressed. No differentiation of Th subpopulations or activation of both 

subpopulations is possible (Bremner and Beattie, 1990; Kidd, 2003; Mosmann and 

Sad, 1996).  

 

The APP mRNA expression pattern was highly variable. However, in 2004 the 

expression of HP and HSP was associated with IL-2, IL-4 and IFNγ. HP as marker 

for infection and stress (Eckersall and Conner, 1988; Heegaard et al., 1998; 

Murata et al., 2004; Petersen et al., 2004; Zenteno-Savin et al., 1997) and HSP, 

which is involved in immune responses to several bacterial, viral and parasitic 

pathogens (reviewed by Young, 1990; Njemini et al., 2002), might suggest 

progression of infection. However, as baseline levels are not  and HP levels in pup 

blood samples of 2004 were lower than HP mRNA levels in blood samples of 

animals found in 2005an increase into physiological levels might be possible.  this 

was not confirmed by cytokine expression, WBC or clinical examination of the 

animals.  

In 2005, for the most animals, the APP mRNA blood levels decreased during 

rehabilitation, whichmight be consistent with higher stress level or pathogen 

impact at admission and/or progressed immune responses at release (Cousins 

and Leinart, 1988; Daffada and Young, 1999; Heegaard et al., 1998; Murata et al., 

2004; Petersen et al., 2004; Sato et al., 1994).  
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As a follow-up of animals is not possible, limited amount of information is available 

and the small sample number, It is not possible to draw conclusions and 

interpretation is speculative only. 

This study revealed that cytokine / APP expression in pups varies between 

animals and years. It is likely that individual animals differ in their health status, 

development of their immune system and ability to cope with stress. However, our 

results suggest an activated immune system of animals at arrival at the seal 

centre and identification of animals with immune suppression. Limitations of the 

study are the small number of animals, different collecting periods in both years 

and lack of information about cytokine and APP expressions during rehabilitation. 

It was not possible to separate the effect of infection/stress and physiologic 

development of the immune system. To detect age related variations, comparison 

with cytokine and APP expressions of adult seals would be of interest. 

Nevertheless, this preliminary study showed that cytokine detection is highly 

sensitive to get information about the status of the immune system of seal pups. 

The pro-inflammatory cytokines IL-1β, IL-6, IL-8, and IL-12 as well as the anti-

inflammatory cytokine IL-4 seem to be useful diagnostic parameter for the 

assessment of the immune status of harbor seals. 



 17

Acknowledgements: 

The authors thank all people colleting seals, especially seal hunters from the 

German North Sea Cost; and all helpers at the Seal Centre Friedrichskoog for 

their dedication. 



 18

References: 

Allan AK, Hawksworth GM, Woodhouse LR, Sutherland B, King JC, Beattie JH (2000) Lymphocyte 

metallothionein mRNA responds to marginal zinc intake in human volunteers. Br J Nutr 84: 

747-756 

Arredouani MS, Kasran A, Vanoirbeek JA, Berger FG, Baumann H, Ceuppens JL (2005) 

Haptoglobin dampens endotoxin-induced inflammatory effects both in vitro and in vivo. 

Immunology 114:263-271  

Beineke A, Siebert U, Müller G, Baumgärtner MF (2006) Increased blood interleukin-10 mRNA 

levels in diseased free-ranging harbor porpoises (Phocoena phocoena). Vet Immunol 

Immunopathol 115: 100-106 

Beineke A, Siebert U, van Elk N, Baumgärtner W (2004) Development of a lymphocyte-

transformation-assay for peripheral blood lymphocytes of the harbor porpoise and detection 

of cytokines using the reverse-transcription polymerase chain reaction. Vet Immunol 

Immunopathol 98: 59-68 

Bremner I, Beattie JH (1990) Metallothionein and the trace metals. Annu Rev Nutr 10: 63-83 

Cousins RJ, Leinart AS (1988) Tissue-specific regulation of zinc metabolism and metallothionein 

genes by interleukin 1. Faseb J 2(13): 2884-2890 

Daffada AAI, Young SP (1999) Coordinated regulation of ceruloplasmin and metallothionein mRNA 

by interleukin-1 and copper in HepG2 cells. FEBS Lett 457: 214-218 

Davis RS, Cousins RJ (2000) Metallothionein expression in animals: a physiological perspective on 

function. J Nutr 130: 1085-1088. 

Denis F, Archambault D (2001) Molecular cloning and characterization of beluga whale 

(Delphinapterus leucas) interleukin-1 beta and tumor necrosis factor-alpha. Can J Vet Res 

65: 233-240 

Di Molfetto-Landon L, Erickson KL, Blanchardchannell M, Jeffries SJ, Harvey JT, Jessup DA, 

Ferrick DA, Stott JL (1995) Blastogenesis and interleukin-2 receptor expression assays in 

the harbor seal (Phoca vitulina). J Wildl Dis 31: 150-158 

Di Piro JT (1997) Cytokine networks with infection: mycobacterial infections, leishmaniasis, human 

immunodeficiency virus infection, and sepsis. Pharmacotherapy 17: 205-223 



 19

Eckersall PD, Conner JG (1988) Bovine and canine acute phase proteins. Vet Res Comm 12: 169-

178 

Elenkov IJ, Chrousos GP (1999) Stress hormones, Th1/Th2 patterns, pro/anti-inflammatory 

cytokines and susceptibility to disease. Trends Endocrinol Metab 10: 359-368 

Elenkov IJ, Iezzoni DG, Daly A, Harris AG, Chrousos GP (2005) Cytokine dysregulation, 

inflammation and well-being. Neuroimmunomodulation 12: 255-269 

Enwonwu CO, Phillips RS, Savage KO (2005) Inflammatory cytokine profile and circulating cortisol 

levels in malnourished children with necrotizing ulcerative gingivitis. Europ cytokine network 

16: 240-248 

Fonfara S, Siebert U, Prange A (2007b) Cytokines and acute phase proteins as markers for 

infection in harbor porpoises (Phocoena phocoena). Mar Mamm Sci 23: 931-942 

Fonfara S, Siebert U, Prange A, Colijn F (2007a) The impact of stress on cytokine and haptoglobin 

mRNA expression in blood samples from harbor porpoises (Phocoena phocoena). J Mar Biol 

Ass UK 87: 305-311 

Funke C, King DP, McBain JF, Adelung D, Stott JL (2003) Expression and functional 

characterization of killer whale (Orcinus orca) interleukin-6 (IL-6) and development of a 

competitive immunoassay. Vet Immunol Immunopathol 93: 69-79 

Hall AJ (1998) Blood chemistry and hematology of gray seal (Halichoerus grypus) pups from birth 

to postweaning. J Zoo Wildlife Med 29: 401-407 

Härtel C, Adam N, Strunk T, Temming P, Müller-Steinhardt M, Schultz C (2005) Cytokine response 

correlate differentially with age in infancy and early childhood. Clin Exp Immunol 142(3): 446-

453 

Heegaard PMH, Klausen J, Nielsen JP, Gonzalez-Ramon N, Pineiro M, Lampreave F, Alava MA 

(1998) The porcine acute phase response to infection with Actinobacillus pleuropneumoniae. 

Haptoglobin, C-reactive protein, major acute phase protein and serum amyloid a protein are 

sensitive indicators of infection. Comp Biochem Phys B 119: 365-373 

Inoue Y, Itou T, Jimbo T, Syouji Y, Ueda K, Sakai T (2001) Molecular cloning and functional 

expression of bottle-nosed dolphin (Tursiops truncatus) interleukin-1 receptor antagonist. Vet 

Immunol Immunopathol 78: 131-141 



 20

Inoue Y, Itou T, Oike T, Sakai T (1999c) Cloning and sequencing of the bottle-nosed dolphin 

(Tursiops truncatus) interferon-gamma gene. J Vet Med Sci 61: 939-942 

Inoue Y, Itou T, Sakai T, Oike T (1999b) Cloning and sequencing of a bottle-nosed dolphin 

(Tursiops truncatus) interleukin-4-encoding cDNA. J Vet Med Sci 61: 693-696 

Inoue Y, Itou T, Ueda K, Oike T, Sakai T (1999a) Cloning and sequencing of a bottle-nosed 

dolphin (Tursiops truncatus) interleukin-1 alpha and-1 beta complementary DNAs. J Vet Med 

Sci 61: 1317-1321 

Iwakabe K, Shimada M, Ohta A, Yahata T, Ohmi Y, Habu S, Nishimura T (1998) The restraint 

stress drives a shift in Th1/Th2 balance toward Th2-dominant immunity in mice. Immunol 

Lett 62, 39-43 

Kakuschke A, Valentine-Thon E, Fonfara S, Griesel S, Rosenberger T, Siebert U, Prange A (2008) 

Metal-induced impairment of the cellular immunity of newborn harbor seals (Phoca vitulina). 

Arch Environ Contam Toxicol 55: 129-136 

Kakuschke A, Valentine-Thon E, Fonfara S, Griesel S, Siebert U, Prange A (2006) Metal sensitivity 

of marine mammals: A case study of a gray seal (Halichoerus grypus). Mar Mamm Sci 22: 

985-996 

Kidd P (2003) Th1/Th2 balance: the hypothesis, its limitations, and implications for health and 

disease. Altern Med Rev 8: 223-246 

King DP, Hay AWM, Robinson I, Evans SW (1995) Leukocyte interleukin-1-like activity in the 

common seal (Phoca vitulina) and grey seal (Halichoerus grypus). J Comp Pathol 113: 253-

261 

King DP, Robinson I, Hay AWM, Evans SW (1993) Identification and partial characterization of 

common seal (Phoca vitulina) and gray seal (Haliochoerus grypus) interleukin-6-like 

activities. Dev Comp Immunol 17: 449-458 

King DP, Sanders JL, Nomura CT, Stoddard RA, Ortiz CL, Evans SW (1998) Ontogeny of humoral 

immunity in northern elephant seal (Mirounga angustirostris) neonates. Comp Biochem Phys 

B 121: 363-368 

King DP, Schrenzel MD, McKnight ML, Reidarson TH, Hanni KD, Stott JL, Ferrick DA (1996) 

Molecular cloning and sequencing of interleukin 6 cDNA fragments from the harbor seal 



 21

(Phoca vitulina), killer whale (Orcinus orca), and Southern sea otter (Enhydra lutris nereis). 

Immunogenetics 43: 190-195 

Kostro K, Glinski Z, Wojcicka-Lorenowicz K, Krakowski L (2001) Acute-phase proteins as 

indicators of diseases in animals. Med Weter 57: 539-542 

Kostro K, Wojcicka-Lorenowicz K, Glinski Z, Krakowski L, Wrona Z (2002) Acute phase proteins as 

ligands of cells of the immune system. Med Weter 58: 929-933 

Lalancette A, Morin Y, Measures L, Fournier M (2003) Contrasting changes of sensitivity by 

lymphocytes and neutrophils to mercury in developing grey seals. Dev Comp Immunol 27: 

735-747 

Lucey DR, Clerici M, Shearer GM (1996) Type 1 and type 2 cytokine dysregulationin human 

infectious, neoplastic, and inflammatory diseases. Clinical Microbiol Rev 9: 532-562 

Marchant A, Goldman M (2005) T cell-mediated immune responses in human newborns: ready to 

learn? Clin Exp Immunol 141: 10-18 

Mosmann TR, Sad S (1996) The expanding universe of T-Cell subsets: Th1, Th2 and more. 

Immunol Today 17: 138-146 

Murata H, Shimada N, Yoshioka M (2004) Current research on acute phase proteins in veterinary 

diagnosis: an overview. Vet J 168: 28-40 

Ness TL, Bradley WG, Reynolds JE, Roess WB (1998) Isolation and expression of the interleukin-

2 gene from the killer whale, Orcinus orca. Mar Mamm Sci 14: 531-543 

Njemini R, Abeele MV, Demanet C, Lambert M, Vandebosch S, Mets T (2002) Age-related 

decrease in the inducibility of heat-shock protein 70 in human peripheral blood mononuclear 

cells. J Clin Immunol 22: 195-205 

Oh SK, Pavlotsky N, Tauber AI (1990) Specific binding of haptoglobin to human neutrophils and its 

functional consequences. J Leukoc Biol 47:142-148 

Petersen HH, Nielsen JP, Heegaard PMH (2004) Application of acute phase protein 

measurements in veterinary clinical chemistry. Vet Res 35: 163-187 

Pillet S, Fournier M, Measures LN, Bouquegneau JM, Cyr DG (2002) Presence and regulation of 

metallothioneins in peripheral blood leukocytes of grey seals. Toxicol Appl Pharmacol 185: 

207-217 



 22

Ross PS, De Swart RL, Visser IKG, Vedder LJ, Murk W, Bowen WD, Osterhaus ADME (1994) 

Relative immunocompetence of the newborn harbor seal, Phoca vitulina. Vet Immunol 

Immunopathol 42: 331-348 

Ross PS, Pohajdak B, Bowen WD, Addison RF (1993) Immune Function in free-ranging harbor 

seal (Phoca vitulina) mothers and their pups during lactation. J Wildl Dis 29: 21-29 

Sato M, Sasaki M, Hjo H (1994) Differential induction of metallothionein synthesis by interleukin-6 

and tumor necrosis factor-alpha in rat tissues. Int. J. Immunopharmacol. 16: 187-195 

Shoda LKM, Brown WC, Rice-Ficht AC (1998) Sequence and characterization of phocine 

interleukin 2. J Wildl Dis 34: 81-90 

Shoji Y, Inoue Y, Sugisawa H, Itou T, Endo T, Sakai T (2001) Molecular cloning and functional 

characterization of bottlenose dolphin (Tursiops truncatus) tumor necrosis factor alpha. Vet 

Immunol Immunopathol 82: 183-192 

Siebert U, Fonfara S, Mundry R, Lehnert K, Seibel H, Rademaker M (2006) Untersuchungen zum 

Gesundheitszustand von Robben in Schleswig-Holstein im Jahr 2005. Bericht an das 

Ministerium für Landwirtschaft, Umwelt und ländliche Räume des Landes Schleswig-Holstein 

und das Landesamt für den Nationalpark Schleswig-Holsteinisches Wattenmeer  

St-Laurent G, Archambault D (2000) Molecular cloning, phylogenetic analysis and expression of 

beluga whale (Delphinapterus leucas) interleukin 6. Vet Immunol Immunopathol 73: 31-44 

St-Laurent G, Beliveau C, Archambault D (1999) Molecular cloning and phylogenetic analysis of 

beluga whale (Delphinapterus leucas) and grey seal (Halichoerus grypus) interleukin 2. Vet 

Immunol Immunopathol 67: 385-394 

Yeung CY, Lee HC, Lin SP, Fang SB, Jiang CB, Huang FY, Chuang CK (2004) Serum cytokines in 

differentiating between viral and bacterial enterocolitis. Annals Tropic Paediatr 24: 337-343 

Young RA (1990) Stress proteins and immunology. Annual Rev Immunol 8: 401-420 

Zenteno-Savin T, Castellini MA, Rea LD, Fadely BS (1997) Plasma haptoglobin levels in 

threatened Alaskan pinniped populations. J Wildl Dis 33: 64-71 

 


	fonfara
	Fonfara-marbiol

