
.REGULATION OF T-KININOGEN GENE EXPRESSION DURING ACUTE 

INFLAMMATION AND FOLLOWING ANTI-INFLAMMATORY 

DRUG TREATMENT 

by 

Yeini G~ Thompson. 

Submitted to the Faculty of the School of Graduate Studies . 

of the Medical College of Georgia in Partial Fulfillment 

of the Req:uirements for the Degree of 

Doctor ot Philosophy 

Mcty 

1991 



REGULATION OF l'-KININOGEN GENE EXPRESSION DURING ACUTE 

INFLAMMATION AND FOLLOWING ANTI-INFLAMMATORY 

DRUGTREA1MENT 

This dissertation is submitted by YeiJ;rl G. Thompson and has been 

examined and approved by an appointed c~mmittee of the faculty of the 

i 
School of Graduate Studies of the Medical Gollege of Georgia. 

. I 

The signatures which appear below verify the fact that all required 

changes have been incorporated and thatthe dissertation has received final 
. I 

. . I . . 

approval with reference to content, form and accuracy of presentation. 
I I 

I 

This dissertation is therefore accepted in partial fulfillment of th~ 

requirements for the degree of Doctor of Philosophy. 

Department Chairperson 

Dean, School o Graduate Studies 



ACKNOWLEDGEMENTS 

The completion of the present work would not have been. possible 

without the excellent guidance of my major advisor, Dr. Eugene F. Howard. I 

would like to express my sincere gratitude to him, not only for his 

professional assistance, but also for his companionship which made of these _ 

last four years an enjoyable experience. I would also like to thank the 

members of my committee, Dr. Lowell M. Greenbaum, Dr. Peter J. Hornsby, 

Dr. Kenneth.Lanclos, Dr. Terrance A. Stoming, and Dr. Barry Whitney for 

their helpful contributions. 

· A special thank you goes to a number of individuals· who .shared their 

knowledge with me and whose enlightinin~ discussions were helpfµl in 

motivating my scientific thought. These i+lude Dr. Carol A. Lapp, Xiaoxing 

Gao, David Cool, Mary Rosser, and Pedro Zamorano. 
I 

I would also like to thank my parents for their never ending love and 

support which has kept me going through 111 of my endeavors. And to my 

husband Jorge, my most heartfelt gratitude for it is he who had to bear with 

me during the good times ·and the not~so-good times. His continued 

confidence in me was and continues to be truly helpful. Thank you. 

iii 



TABLE OF CONTENTS 

I. INTRODUCTION 

A. Statement of the Problem 

B. Literature Review 

1. Inflammation and the Acute Phase Response 

2. The Kininogens 

a. Kininogen Structure and Function 

b. Rat T-kininogen 

3. Influence of Dexamethasone and Indomethacin 

on T-kininogen in vivo 

C. Purpose and Significance 

D. Specific Aims 

II. MATERIALS AND METHODS 

A. Animals and Treatment 

B. Measurement of Plasma T-kininogen levels 

C. RNA isolation 

1. Isolation of total RNA 

2. Isolation of Poly (A+) RNA 

I' 

I 

I 

D. RNA Glyoxylation and Electrophoresis 

iv 

1 

1 

3 

3 

7 

7 

12 

16 

17 

20 

21 

21 

22 

23 

23 

24 

25 



E. Northern Blots and Hybridization 

1. ·Probes 

· 2. Pro.be labeling 

3. Hybridization and washing 

4. Data Analysi~ 

F. Nuclear run-on assays 

1. Isolation of Nuclei 

.-2. Run-on transcription reactions 

3. Hybridization procedures 

4. Data Analysis 

G. Cell Culture 

.I 

I 
I 

H. Preparation of RNA from Peritoneal Exudate Cells (PEC) 

III. RESULTS 

IV. DISCUSSION 

A. T-kininogen regulation during acute inflammation 

1. Changes in T-kininogen production 
. ! 

2. IL..,;6 as· mediator o'f T-kininogen production during 

26 

26 

27 

28 

29 

30 

30 

31 

31 

33 

33 

34 

36 

67 

67 

67 

inflammation 72 

3. _ Age _and Sex influence T-kininogen gene expression. 75 

V 



B. T-kininogen regulation following anti-inflammatory 

drug tre~tment 

1. Indomethacin 

2. Dexamethasone 

SUMMARY AND CONCLUSIONS 

REFERENCES 

76 

76 

78 

87 

90 

vi 



LIST OF FIGURES 

1. Production of HMW and LMW-K-kininogens· from the K-kininogen gene. 

2. Kininogen protein structure and relateq. functions. 
. I 

-3. Three rat kininogen ge·nes. 
i 

4. The effect of incomplete Freund's adjurant injection on T-k!ninogen 

plasma levels. 
' 

5. Autoradiographs of Northern blotted RNA hybridized to_ T-kininogen and 

B-actin probes. 

6. The effect ofFCA and FCA plus dexamethasone treatments on B-actin 

mRNA levels. 

7. HMW-K and.LMW.-K kininogen mRNA levels are not changed following 
e 

induced 'inflammation or concurrent dexamethasone treatment. 

8. Four experiments showing the effect of dexamethasone treatment on paw 

thickness, T-kininogen plasma levels and TI and TII kininogen mRNA 

levels in 2 month old male FCA-treated rats. 

9. Control T-kininogen plasma levels in young and old Sprague Dawley rats. 

10. Effect of FCA and dexamethasone on T-kininogen mRN A levels in 17 

month old male rats and 19 month old female rats as compared to 2 

month old male rats. 

11. · Changes in paw thickness, plasma T-kininogen levels and T-kininogen 

mRN A levels in response to FCA injection and several doses of 

dexamethasone. 

vii 



12. Time course development of the dexamethasone effect. 

13. Run-on transcription assays. Effect of dexamethasone on the 

transcription of T-kininogen genes in rats treated with Freund's complete 

adjuvant. 

14. Run-on transcription assays measure transcripti~n by RNA polymerase II. 

15. Effect of dexamethasone on T-kininogen mRNA levels in vivo and in 

vitro. 

16 .. Effect of dexamethasone on IL-6 recept9r mRNA levels in the liver of 

FCA-treated rats. 

17. The 5.4 kb band identified by the IL-6 re1ceptor cDNA probe is not due to 

eross-hybridization to 28S rRNA.· 

18. Changes in interleukin-6 mRNA levels in adherent peritoneal exudate 
. ' 

cells from rats treated with Freund's c~mplete adjuvant and 

dexamethasone. 

19. Changes in paw thickness, T-kininogen plasma levels and TI and 

TII-kininogen mRNA levels following dexamethasone. treatment in the 

FCA-treated rat. 

20. Model showing regulation of T-kininogen synthesis during 

inflammation and following treatment with dexamethasone. 

I 

I. 
I 

viii 



LIST OFT ABLES 

I. Major acute phase proteins in the mouse, rat and human. 

II. Sequence homologies between the TI, :I'll and K-kininogen 
. ' . 

oligonucleotide probes and the TI, tn'.an~ K-kininogen mRNAs .. 

III. Effect of dexa,methasoµe on paw thickness, plasma T-kininogen levels 

and ·TI ~nd TII.:.kininogen mRNA levels ·in~ 2 month old male rats. 
' J 

IV. Dexamethasone treatment for three dars of normal rats' ~as no effect on 

paw thickness, T-kininogen plasma leyels or TI ·and TII-kininogen 

mRNA levels. 

V. Effect of indomethacin _on pa~ thicknes$, plasma T-kininog~n levels and 

TI and TII-kininogen mRNA level~ in ;the FCA-treated rat. · 

VI. Comparison of the effects of inflarnma~ion induced with different agents 

on T-kininogen plasma and mRNA levels. 

ix 



ABBREVIATIONS 

ATP 
cAMP 

cDNA 
dCTP 
DNA 
DEP 
DEX 
DMEM 

adenosine tri-phosphate 
cyclic adenosine inono- . 
phosphate 
complementary DNA 
deoxycytidine tri-phosphate. 
deoxyribonucleic acid 
diethyl pyrocarbonate 
dexamethasone 
Dulbecco's modified 
essential medium 

DMSO dimethyl sulfoxide 
DIT dithiothreatol 
EGF-BPC epidermal growth factor

binding protein C 
EDTA ehylenediamine-tetra a~etic 

·acid 
EGTA ethyleneglycol-tetra acetic 

acid 
g gram(s) 
gp glycoprotein 
hr hour(s) 
IL-1 interleukin-I 
kb kilo base 
kD kilodaltons 
µCi 
MgC12 

ml 
,µl 
MnC12 

µg 
mRNA 

NaCl 
NaOH 
ng 
32P 

microCurie . 
magnesium chloride 

· milliliter 
microliter 
manganese chloride 
microgram 
messenger ribonucleic 
acid 
sodium chloride 
sodium hydroxide 
nanogram · 
phosphorus ·32 

X 

PMSF phenyl-methyl sulfonyl 
fluoride 

QVV AG glutamyl-valyl-valyl-alanyl-
- glycyl 

RIA radioimmunoassay 
SDS sodium dodecyl sulfate -
S.E.M. standard error :from the 

mean 
SSC . sodium chloride/ sodium 

citrate 
snRNP s.mall nuclear ribonucleo

protein 
TP A tetrad~canoyl phorbol 

, acetate 
tRNA transfer ribonucleic acid 
Tris tris(hydroxymethyl) 

aminomethane 



I. iNTRODUCTION 

A. Statement of the Problem 

The hepatic acute phase response to injury, infection or chronic 

inflammation is characterized by a change in.the rates of syn.thesis of several 

proteins produced by the liver (reviewed by Schreiber, 1987). One of these 

acute phase proteins in the rat is T-kininogen. Two major classes of 

T-kininogen, TI and TII, have been identified, although subtypes of these 

-classes encoded by multiple genes may exist (Anderson et al.; 1989; Enjyoji et 

·al., 1988). Possible functions of T-kininogens during inflammation include: 

to serve as precursors of the vasoactive peptide T-kinin (Ile,..Ser-Bradykinin; 

Okamoto and Greenbaum, 1983b) and/or to protect tissue from lysosomal 

proteases released at the site of inflammation (reviewed by Mii.ller-Esterl et 

· al., 1986 ). Seven days after inflammation is induced with Freund's complete 

adjuvant (FCA), T-kininogen plasma levels increase 20-fold above control 

values (Barlas et al., 1985). TI and TII-kininogen steady state mRNA_ levels 

(Kageyama et al., 1985) and transcription rate (Birch and Schreiber, 1986) also 

increase markedly following induced inflammation. Furthermore, when rats 

are treated for three days with dexamethasone or indomethacin during FCA

induced inflammation, T-kininogen plasma levels are significantly 

suppressed as compared to rats that 'are not .treated (Barlas et al., 1985). The 

purpose of this study -w·as to determine whether the lower T-kininogen 
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plasma levels observed upon treatment with dexamethasone or_ 

indomethacin is accompanied by a concomitant change in T-kininogen 

mRNA levels and in the transcription rate of the T-kininogen genes in the 

liver. 

Dexamethasone has been shown to inhibit cytokine secreti9n fro111 

monocyte/macrophages (Ray et.al., 1990). Since IL-6 is thought to'be the 

major cytokine mediator of the acute phase. response-(Gauldie et al., 1989), 

and because it has been shown that IL-6 induces T ~kininogen gene expression 

(Andus et al., 1988; Fey et al., 1989), effects of the steroid on the expression of· 

IL-6 or of its receptor could also affect T-kininogen expression levels. 

Therefore, the effects of dexamethasone treatment on the express;ion of IL-6 

in peritoneal exudate cells and of IL-6 receptor in liver were also studied. 

The results give insight into the regulation of the T-kininogen genes in 

vivo and· its relationship with the_ progress of inflammation. The complex 

interaction between cytokine mediators, glucocorticoids _ and a_cute phase 

proteins has recently become the focus of attention in the study of the 

inflammatory response (Baumann et al., 1987b; Le and Vilcek, 1989). In vitro 

systems have been developed to study this phenomenon (Baumann et al., 

1987a). However, to be able to put results from these systems in perspective, it 

is important to document the events that happen in the whole animal so that _ 

one can complement the other and a full understanding of the mechanisms 

of inflammation can be achieved. 

2 



B. Literature· Review 

1. Inflammation and the Acute Phase Response 

The physiological response to an inflammatory stimulus is a very 

complex process .which 'involves the inter.action of a number of factors and 

organs throughout the body. The changes that occur following exposure to 

injury, infection or trauma· have been termeq. the acute phase response 

(reviewed by _Castell et al., 1989; Gauldie et al., 1989). These changes include 

the onset of local reactions around the affected area such as platelet 

aggr~gation, release of prostaglandins, increased vascular permeability and 

the recruitment of monocytes/macrophages_to the site of tissue injury. 

Macrophages become activated and release several monokines, including 

interleukin-1 (IL-1), tumor necrosis factor (TNF) and interleukin-6 (IL-6) into 

the circulation, giving rise to the systemic reactions: fever, activation of the· 

endocrine and immune systems, and the hepatic acute phase response. 

The hepatic acute phase response is characterized by a change in the 

rate of synthesis of several proteins produced by the liver (reviewed by 

Schreiber and Howlett, 1983 ). Most of these are positive acute phase proteins, 

i.e. , their rate of synthesis increases during inflammation. However, 

negative acute phase proteins (albumin and transferrin, for example) are 

probably equally important in that their downregulation during 

inflammation compensates for the higher demand for aminoacyl tRNA 

caused by increased synthesis of the other acute phase proteins (Schreiber and 

Howlett, 1983). 
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Acute phase proteins are somewhat species specific in that different 

proteins are the major acute phase proteins in different species (Schreiber, 

· 1987). For example, C-reactive protein and serum amyloid A protein are the 

major acute phase proteins in man, while in the rat the proteins which show 

a majo~ increase following inflammation are a-2 ... macroglobulin a~d a-1-acid 
" 

glycoprotein (Table I). Nevertheless, the general functions of these proteins 

are conserved throughout .. Most are- involved in -transport of debris 

(hemopexin and haptoglobin), protection of tissue from lysosomal proteases 

released into the affected area (a-1-antitrypsin, a-2-macroglobulin, 

T-kininogen), blood coagulation (fibrinogen), and opsonization (C-reactive · 

protein). 

In the search for the factor or factors involved in the induction of the. 

acute phase response, Baumann and collaborators (1987a) isolated a 

hepatocyte stimulating factor (HSF) derived from human squamous 

carcinoma cells that induces a number of acute phase proteins in a rat 

hepa_toma cell line (H35) as well as in primary rat hepatocyte cultures. This 

factor has since been shown to be identical to interleukin-6, also known as 

interferon B2 and B-cell stimulatory factor (Le and Vilcek, 1989), and to be 

able t_o stimulate a specific set of acute phase proteins in vivo (Marinkovic et 

al., 1989). 

Interleukin-6 is now thought to be the principal mediator·of the 

hepatic acute phase response. The major target organ of this cytokine is the 

liver (Castell et al., 1989)~ and human (Yamasaki et al., 1988) and rat 

(Baumann et al., 1990) IL-6 receptors ·have been isolated and cloned. 

Furthermore, several acute phase protein gene promoters, such as those of 

the human :ttaptoglobin (Oliviero and Cortese, 1989), hemopexin (Poli and 

Cortese, 1989), C-~eactive protein (Li et al., 1990), rat a-2-macroglobin 
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Table I. Major acute phase proteins in human, mouse and rat · The acute 

phase proteins that are induced to a greater extent in each species following 

inflammation are listed, as well as a~ute phase proteins that are simila!lY 

induced in the three species (All). Their probable or confirmed function 

during inflammation, if known, is listed under FUNCTION(?= function not 

known). 
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Table I. Major acute phase proteins in human, mouse and rat. 

SPECIES MAJOR ACUTE PHASE PROTEINS FUNCTION 

Human C-Reactive Protein (CRP) opsonin 
Serum Amyloid A Protein (SAA) a poli poprotein 

Mouse Serum Amyloid A Protein (SAA) a poli po protein 
Serum Amyloid P (SAP) ? 

Rat o.-2- macroglobulin antiproteinase 

T-kininogen ari ti proteinase / 
T-kinin precursor 

All o.-1-acid . gl ycoprotein transport. 

fibrinogen coagulation 

haptoglobin globin binding 

hemopexin . transport 

o.-1-antichymotrypsin antiproteinase 
II 

o.-1-antitrypsin 



(Ito et al., 1989) and T-kininogen (Anderson and Lj.ngrel, 1990) genes, have 

been shown to have one or several IL-6 regulatory DNA sequence elements 

(IL-6RE) which in transient transfection assays are able to confer IL-6 

inducibility to a .reporter· gene. Footprinting and gel retardation _assays have 

shown that the IL-6RE of the hemopexin (Poli and Cortese, 1989) and 

haptoglobin (Oliviero and Cortese, 1989) genes interact with a DNA binding. 

protein (or proteins; IL6-DBP) from human hepatoma cells in the presence of 
..) 

IL-6. The induction of IL-6-DBP activity by IL-6 is observed even in the 

presence of the protein-synthesis inhibitor cycloheximide~ These results 

suggest that the effect of IL-6 on the hepatocyte is to induce the 

posttranslational modification of a specific trans-acting protein (or proteins) 

which is able to interact with IL-6REs on acute phase protein genes and to 

stimulate their rate of transcription. · 

The mechanism of the transduction of the IL-6 signal in the hepatocyte 

is still under investigation. IL-6 serves as a growth factor for B-cells by 

stimulating their secretion of IgG (Raynal et al., 1989), and the IL-6 receptor 

shows homology to other growth hormone receptors (Yamasaki et al., 1988). · 

The IL-6 receptor, howeyer, does not have a tyrosine kinase domain in 

contrast to the situation with other growth hormone receptors. Some studies 

have shown induction of the IL-6 response in rat hepatoma_ cells following 

. TPA treatment (Evans et al., 1987) suggesting that the protein kinase C system 

may be involved, but others report only a modulation in the IL-6 r~sponse by 

TPA (Baumann et al., 1988). Taga et al. {1989) have shown that IL-6 causes the 

. association of the IL-6 receptor with a possible transducing glycoprotein, 

gp 130. It remains to be seen what the-actual mechanism of transduction of 

the IL-6 signal is. 
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Synthesis of most acute phase proteins is induced by an inflammatory 

stimulus in all species, albeit to different degrees. However, some acute phase 

protei])s are unique to only one species. One of the unique acute phase 

proteins in the rat is T-kininogen (Cole et al., 1985; Furuto-Kato et al., 1985; 

Okamoto and Greenbaum, 1983a), also known as cx.-f-major acute phase 

protein (MAP; Anderson, 1985), thiostatin (Fung and Schreiber, 1987), and 

cx.-1-cysteine proteinase inhibitor (CPI; Esnard and Gauthier, 1983). 

T-kininogen is· one of the major acute phase proteins in the rat: its synthesis 

~s induced 10-20-fold above control levels during inflammation (Barlas et al., 

1985), it is a cysteine proteinase inhibitor which may give protection from 

lysosomal enzymes released at the site of tissue injury (Schreiber and 

Howlett, 1983), but it is also a kininogen and may be physiologically 

important as a source of a bradykinin-like peptide, T-kinin (Okamoto and 

. Greenbaum, 1983b), in the progress.of the inflammatory,response. 

2. The Kininogens 

Kininogens are multipurpose secretory plasma glycoproteins produced 

by the liver. They are the precursors of vasoactive peptides, the kinins, but 

they are also i~volved in contact activation of the endogenous coagulation 

cascade and in cysteine proteinase inhibition (reviewed by Milller-Esterl, 1986; 

Nakanishi, 1987). 

a. Kininogen Structure ahd Function 

Most mammals have a single 24-27 kb kininogen gene consisting of 

eleven exons and 10 introns (Kitamura et al., 1985). Two kininoge~ mRNAs 

are processed from the primary transcript of this gene (Takagaki et al., 1985; . 
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Kitamura et al., 1983;_ Figure 1). Po_lyadenylation at a site near the 3' end of 

exon 10 produces the larger message (2.2 kb) that contains exons 1-i0 and 

encodes the high molecular weight kininogen (HMW; 88-114 kD). Splicing 

of exon 11 to a splice donor site 3' to the bradykinin dom~in in exon 10 

produces the smaller mRNA (1.6_kb). This mRNA encodes low molecular 

weight kininogen (LMW; 50-68 kD). The amino acid sequence of LMW and 

HMW kininogen is identical fro~ .the N-terminus through the bradykinin 

domain, up to the 13th amino acid distal to the bradykinin· domain (Kitamura 

et_ al., 1983). Proteolytic processing of the kininogen precursors by specific 

serine proteases (kallikreins) results in the release of bradykinin, a vasoactive 

nonapeptide. The processed precursor corisists of an N-terminal heavy chain 

and a C"".terminal light chain covalently bound by a single disulfide bond. 

Exons 1-9 of the kininogen gene specify the nine structural domains of 

the kininogen heavy chain (Kitamura et al., 1985; Figure 2). Exon 1 contains 

the signal peptide domain while exons 2-9 each specify domains which are 

able to form eight loops by disulfide bridges between cysteine residues. A 

repetitive pattern encoded by sets of 3 exons each is seen in this region of the 

protein. The repeated sets of exons 3-5 and 6-8 are closely related to one 

another and each encodes the cystatin-like sequence QVVAG~ Cystatins are a 

family of extracellular low molecular weight cysteine proteinase inhibitors 

(Saitoh et al., 1987). The cystatin-like sequences in the kininogens -are 

believed to confer. upon the~ the cysteine proteinase inhibitor activity which 

is demonstrated by their ability to inhibit papain and several cathepsins 

(Sueyoshi et al., 1985). It has been suggested that all cysteine proteinase 

inhibitors, including the kininogens, evolved from a common cystatin-like 

ancestor (Kitamura et al., 1985). Saitoh et al. (1987) have sequenced three 

8 



Figure 1. Production of HMW and LMW-K-kininogens from the 

K-kininogen gene. Processing of the K-kininogen primary transcript results 

in the production of a large HMW-kininogen mRNA and a smaller LMW

kininogen m~ A. In the LMW-kininogen, ex_on 11 is spliced to a splice 

donor site immediately downstream of the bradykinin encoding region. 

HMW-kininogen mRNA -contains all of exon 10, but lacks exon 11. The two 

mRNAs are translated into LMW-K-kininogen and HMW-K-kininogen 

(From Nakanishi, 1987). 
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Figure 2. Kininogen protein structure and related functions. A diagram of 

the stru_cture of the LMW and HMW-kininogen proteins is shown.. Position 
~ 

of the signal peptide is indicated. The dashed lines show the positions of the 

introns. Cysteine residues are designated with an asterisk(*), and disulfide 

bonds( by lines connecting the cysteines. Cystatin-like sequences are indicated. 

BK:· bradykinin. Histidin~-rich region of high mo~ecular weight kininogen is 

involved in coagulation. 
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cystatin family members and found that the size of the exons are equivalent 

to those in the 5' portion of the kininogen genes, giving further evidence to 

supp<?rt this hypothesis. 

The light chain portion of HMW kininogen, encoded by the 3' por~on 

of exon 10, is involved in contact activation during the intrinsic pathway of 

blood coagulation (reviewed by Kaplan and Silverberg, 1987 ). It contains a 

histidine-rich surface binding site, as well as binding sites for prekallikrein 

and factor XI. Contact activation of these factors occurs by. conversion of 

these precursors into active proteases. This occurs when complexes of 

pr~kallikrein-K-kininogen and factor-XI-K-kininogen bind to endothelial· 

. surfaces via the ~MW kininogen histidin~ rich region. Here, Hageman 

factor Xlla, another protease, converts prekallikrein to kallikrein and factor XI 

to its activat~d form, Xia. Kallikrein then activates more factor XII and 
' ' 

releases bradykinin from HMW kininogen while factor Xia activates other 

proteases in the intrinsic coagulation cascade. 

1 1 

LMW and HMW kininogens are substrates for kallikreins (and have 

thus been termed K-kininogens),. which release the vasoactive bradykinin. 

domain (Muller-Ester! _et al., 19.86). The bradykinin sequence is Arg-Pro-Pro

Gly-Phe-Ser-Pro-Phe-Arg (Rocha e Silva, 1955). In plasma, this nonapeptide is , · 

released from HMW kininogen by plasma kallikrein, the same enzyme 

involved in the intrinsic coagulation cascade (Kaplan and Silverberg, 1987). 

In tiss,ues, LMW kininogen serves as the preferred substrate for tissue , 

kallikrein. Processing by this enzyme yields kallidin (Lys-bradykinin) which 

can be converted to bradykinin by an arginine aminopeptidase (MacDonald et 

al., 1988). Tissue kallikrein and other similar serine proteases (kallikrein-like; 

kininogenases) are members of a family of closely related genes now known 

as the kallikrein gene family (MacDonald et al., 1988). The human, rat and 



mouse kallikrein gene families are similar in that they consist of highly 

conserved, closely linked genes~ Three to four genes are estimated to.make 

up the human kallikrein gene family, while the mouse family may have up 

to 24 genes.(Clements, 1989). The rat kallikrein gene family has at least 11 

members. Kallikrein-like enzymes include rat tonin which cleaves 

a~giotensinogen to angiotensin II, mouse gamma-renin, and at least two 

epidermal growth factor and nerve growth factor processing enzymes (EGF

BP C and gamma-NGF; MacDonald et al., 1_988). 

The pharmacological properties of kinins are many. Kinins have been 

shown to cause vasodilation (Couture et al., 1980), activation of -

phospholipase A2 (Goldberg et al., 1976), increase in vascular permeability 

(Sugio and Greenbaum, 1988; Zweifach 1966), increase in chloride transport 

across membranes (Clements 1989), contraction of smooth muscle (Gaudreau 

et al., 1981; Rhaleb et al., 1990), and pain (Armstrong, 1970; Stewart and. 

Snyder, 1988). The effects of kinins occur through ~teractions with specific 

receptors (Regoli and Barabe, 1980). At least two classes of kinin receptors 

have been identified, Bl and B2., Bradykinin is the preferred agonist of B2 

receptors, while Bl receptors respond preferably to the octapeptide desArg9-

bradykinin. Kinin receptors have been found in different tissues in different 

species. Their distribution in a number of vessels suggests that kinin~ are 

indeed important in the regulation of blood pressure and local blood flow. 

b. Rat T-kininogen 

At least 3 kininogen genes are expressed in rats (Furuto-Kato et al., 

1985; Figure 3). One of these encodes the LMW and HMW K-kininogens that 

are also present" in other mammals. The other two encode TI- and 

12 



Figure 3. Rat kininogen genes. The K-, TI- and TII-kininogen genes are 

shown. Open boxes represent exons. 1/f I-WW: portion of exon 10 in the 

T-kininogen genes which has become a pseudo~high molecular weight exon 

due to several insertions (shaded). Point mutations which have resulted in 

termination codons and 1n' alteration of the poly-adenylation signal within 

'P HMW are shown. Vertical lines: histidine rich region. Solid block: 

bradykinin domain. Diagonal lines: 3' untranslated region. 
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TII-kininogens, that have only been found in the rat (Kitagawa et al., 1987). 

Variations in T-kininogen protein sequences (Enjyoji et al., 1988) as well as 

multiple bands in Southern blots of rat genomic DNA probed "Yith 

T-kininogen cDNAs (Anderson and Lingrel, .1989), indicate that there may be 

more ~han two T-~ininogen genes in the rat genome. 
' -

The high sequence homology between .the K and the T-kininogen 

genes suggests that they arose froin a common ancestor by _gene duplication 

(Kitagawa et al., 1987). Insertion, deletion, and point mutations have resulted . 

in the differences in expression patterns that are observed between the 
' ' ' 

' ' 

K-kininogen gene and T-kininogen genes as well as in differences in the 

prpperties of their respective protein products. 

Unlike the HMW and LMW kininogens which are substrates for 

kallikreins, T-kininogens are resistant to kallikrein activity. However, excess 

amounts of trypsin were found to release a_ bradykinin-like peptide that 

corresponds to-Ile-Ser-bradykinin (Okamoto and Greenbaum, 1983b). This 

peptide was given the name T-kinin and its precursor was_ named 

T-kininogen for its susceptibility to tryptic -digestion. A specific enzyme 

which releases T-kinin from T-kininogen, T-kininogenase, has. since been 

isolated from rat submandibular gland (Barias et al.,1987; Xiong et al., 1990). 

T-kinin has been shown to have similar pharmacological properties to other 

kinins (Okamoto and Greenbaum, 1983c; Sugio and Greenbaum, 1988; Rhaleb 
' . 

et al., 1990). The study of the interaction between T-kinin and .its receptor 

may give insight into the physiological role of this peptide in the rat (Gao et 

al., 1989). 

T-kininogen and K-kininogen genes'also differ in the way that their 

primary RNA transcripts are processed._ The primary transcript of tl}.e · 

T-kininogen genes is processed to generate a 1.6 kb mRNA, while that of 
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K-kininogen is processed into a L6 and a 2.2 kb mRNA. This difference in 

RNA processing between the two types of ~enes has provided a good system 

in which to· study the sequences involved in the generation of two different 

mRNAs from the primary transcript of the K-kininogen gene. Kakizuka et al. 

(1988; 1990) have _presented evidence that alternative use of binding sites for 

Ul snRNPs in exon 10 may be ·responsible for the generation of two mRNAs 

from the K-kinin.ogen gene. Alteration of some of these sites in .the 

T-kininogen genes by mutation prevents the formation of a 2.2 kb 

T-kininogen mRNA. 

Another major, difference between the K-kininogens and the 

T-kininogens is that the latter are acute phase pr.oteins while the former are 

not. In rats, seven days after inflammation is induced with Freund's 

complete adjuvant, T-kininogen plasma levels increase 20-fold over control 

values (Barias et al., 1985). Other agents and procedures that cause acute 

inflammation, such as turpentine injection, LPS (lipopolysaccharid~) 

injection, sham operation· (Bouhnik et al., 1988) 'and minor burns (Dickson et 

- al., 1987) have been shown to increase T-kininogen plasma leve~s in vivo. 

t-kininogen steady state mRNA levels have also been shown to increase 

with inflamm~tion (Kageyama et al., 1985). It has been estimated that 

T-kininogen mRNA in livers of rats with induced inflammation comprises 

1 % of the total poly(A +) RNA (Kageyama et al., 1985). Regulation at the 

transcriptional level is the principal mechanism by which T-kininogen 

mRNA levels increase duri~g the acute phase response (Birch· and Schreiber, 

1986). This may be mediated by the action of IL-6 on the hepatocyte, since IL=-6 

is thought to be the major mediator of the hepatic· acute phase response 
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through a specific IL-6 receptor (reviewed by Castell, 1989 ) ,_ and an IL-6 

regulatory sequence element has been identified in the promoter of a 

T-kininogen gene (Anderson and Lingrel, 1990). 

3. Influence of Dexamethasone and lndomethacin · on T-kininogen in vii~o 

In vivo experiments have shown that rats that receive dexamethasone 

treatment during induced inflammation have lower levels of T-kininogen in 

plasma than tho~e that are not treated (Barlas et al., 1985). Treatment with 

indomethacin, a non-steroidal anti-inflammatory drug (NSAID), was shown 

to have the same effect (Barlas et al,, 1985). A reduction in a-1-acid

glycoprotein, another acute phase protein, following indomethacin treatment 

of FCA-treated rats had been reporte~ earlier (Billingham, 1983). However, 

the effect of indomethacin treatment on acute phase protein synthesis has not 

been as extensively studied as its effect on other parameters ofFCA-induced 

inflammation such as paw swelling (Sofia et al., 1975). 

The mechanism by which dexamethasone and indomethacin influence 

the plasma levels of T-kininogen in vivo is not known. Regulation may 

occur directly at the level of gene expression, or indirectly at different levels 

in the production of this protein. Anti-inflammatory drug treatment may 

affect the transcriptional regulation of t])e T-kininogen genes, sjnce it has 

been reported that an increase in their rate of transcription following acute 

inflammation is responsible for the increa·se in mRNA levels that is observed 

during acute inflammation (Birch and Schreiber, 1986). It is also possible, 

however, !hat the mechanism whereby dexamethasone and indomethacin 
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affect T-kininogen production involves post-transcriptiqnal reg.ulation, 

affecting message stability, translational regulation, processing, secretion, 

·and/or protein stability. 

Indomethacin is a potent inhibitor of cyclooxygenase, the first enzyme 

in the prostaglandin synthesis pathway (Smith and Lands, 1971), and 

prostaglandins, especially of the PGE and PGI series, are thought to be 

important inflammation mediators. Glucocorticoids also inhibit 

prostaglandin and leukotriene synthesis by inducing the production of 

lipocortins, a family of proteins with antiphospholipase-A2 activity (Flower, 

1989), but they may also affect other aspects of the immune system that 

become activated during inflammation such as secretion of monokines, 

accumulation of leukocyte~ at the site of inflammation and presentation of 

antigen (reviewed by Bateman,1989). Steroids ~re also important ·regulators of 

many genes through direct interaction of their receptors with hormone 

responsive elements in the genes' regulatory sequences (Beato, 1989). 

Glucocorticoids can therefore affe~t gene transcription directly. The effect of 

ligand-activated glucocorticoid receptor on a number of genes is to stimulate 

their rates of transcription (Olson et al., 1980). However, negative regulation 

has been shown to occur in some cases such as those of the prolactin and 

proopiomelanocortin genes (Beato, 1989; Birnberg et al., 1983), the collagenase 

gene (Yang-Yen et al., 1990), and the IL-6 gene. (Ray et al., 1990). 
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C. Purpose and Significance 

The purpose of .this project was to study the effect of dexamethasone 

and indomethacin on T-kininogen gene expression at the mRNA and 

transcriptional levels· during Freund's complete adjuvant-induced 

inflammation. Since IL-6, the major mediator of the hepatic a_cute phase 

response, was known to induce T-kininogen gene expression, the effect of 

anti-inflammatory .drug treatment on the expression levels of genes that 

encode IL-6 in cells that are an important source of this cytokine during 

inflammation and of the IL-6 receptor in the liver was also studied. 

Results should give insight into the m_olecular mechanisms of 

regulation of the acute phase proteins in vivo, specifically of the 

T-kininogens in the rat. The most common practice in the studies of the 

molecular mechanisms of gene regulation is to recurr to cell culture systems. 

Although important, such systems may not necessarily reflect physiological 

conditions. The stu.dy of regulation of T-kininogen gene expression during 

inflammation is also of significance in a physiologic setting where a 

correlation with the progress of the inflammatory response can· be observed. 

This may be useful in determining whether the major role of T-kininogen 

during inflammation is as a protective proteinase inhibitor, or as a precursor 

for the vasoactive peptide T-kinin. 

The injection of Freund's complete adjuvant in the rat r~sults in the 

development of a condition that simulates rheumatoid arthritis (Billingham, 

1983). Changes in physical parameters, such as paw swelling, have been used 

to measure the effectiveness of anti-inflammatory drugs in the treatment of 

this condition (Sofia et al., 1971). However, changes in the expression levels 

of acute phase protein genes may more closely reflect the influence of 
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anti-inflammatory agents on the disease process itself. Therefore, if the effects 

on_ T-kininogen gene expression reflect the anti-inflammatory. properties of 

different drugs, these effects could be used as a measurement of the drugs' 

effectiveness in reducing the inflammatory response.- Furthermore, it has 

been found that synovial fluid of patients with rheumatoid arthritis have 

increased levels of kinins (Melman et al., 1967), suggesting-that the 

kininog·en-kinin system may l?e involved in the progression of this disease. 

T-kininogen and T-kinin may also have a role in the development of 

_ Adjuvant-arthritis in the rat. Studies on the regulation- of T-kininogen 

production in the Adjuvant-arthritic · rat, with and without anti

inflammatory drug treatment, could therefore be helpful in determining the 
•, • • I 

role of the kininogens in rpeumatoid arthritis. 

Studies on the regulation of T-kininogen and IL-6 gene expression may 

also give insight into· the mode of action of, anti-inflammatory drugs. Both 

steroidal and non-steroidal anti-inflammatory drugs are capable of inhibiting 

the synthesis-of prostaglandins. Although this property seems to be the 

· major mode of action of NSAIDs, corticosteroids have also been shown to 

inhibit other processes of the inflammatory response. The effect of 

dexamethasone treatment on T-kininogen an_d IL-6 gene expression could 

help determine whether any of these alternate mechanisms are of 

significance in -the treatment of Adjuvant-arthritis with steroidal anti

inflammatory agents. 
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D. Specific Aims 

1. To study the effects of dexamethasone and indomethacin on 

steady state levels of T-kininogen mRNAs during experimental 

inflammation in the rat. . 

2. To determine if drug-induced changes in T-kiniriogen mRNA levels 

are accompanied by changes in T-kininogen gene transcription. 

3. To determine the effects of experimental inflammation and 

concurrent drug treatment on the expression of the IL-6 receptor gene 

in the liver. 

4. To determine the effects of experimental inflammation and 

concurrent drug treatment on the expression of the IL-6 gene in 

adherent monocyte/macrophage-type cells obtained from peritoneal 

exudates. 
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II. MATERIALS AND METHODS 

A. Animals and Treatment 

Six week old Sprague-Dawley (Harlan) male rats weighing 180~220g 

were used in most experiments (CAURE number 89-01-068; expiration date 

January 1992). Acute inflammation was induced by intradermal injection of 

0.1ml of Freund's complete adjuvant (FCA) to the footpad of a hind paw. 

FCA was prepared by suspending 10mg of mycobacteria (M. tuberculosis H37 

Ra; Difeo Laboratories) per milliliter of incomplete Freund's adjuvant (Difeo 

Laboratori~s) foHowed by sonication. Dexamethasone sodium phosphate 

solution (4mg/ml dexamethasone phosphate equivalent) was obtained from 

ESI Pharmaceuticals and indomethacin from Sigma. Dexamethasone was 

diluted in normal saline so that respective doses could be delivered in 0.1ml 

by intraperitoneal injection. Indomethacin was suspended in 5% gum 

tragacanth (Sigma) and delivered intragastrically. Drugs were administered at 

the same time as FCA and at 24 hour intervals thereafter. ·Control.rats were 
\ 

injected once with saline in _the left footpad and were treated with vehicle in 

place of drug. Three d_ays after the injection of FCA; animals were 

anesthetized witH ether. One milliliter.of blood was collected either by heart 

puncture or from the abdominal aorta in 0.1 volume of 3.8% sodium citrate 
' , . 

for determination of T-kininogen plasma levels. Liver samples were then 
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·excised for RNA isolation and paw thickness was measured with a 

micrometer across a. sagi ttal section. Animals were sacrificed by 

exsanguination under ether anesthesia. 

B. Measurement of Plasma T-kininoRen levels 

Blood samples were centrifuged at 4000 rpm for 4 minutes to obtain 

plasma. A .modification of the radioimmunoassay described by Okamoto 

et al., (1987a) was used to estimate plasma T-kininogen'levels. Polyclonal

antiserum to purified T-kininogen was obtained from H. Okamoto, Kobe

Gakuin University, Kobe, Japan; T-kininogen was iodinated using-the 

chloramine-T method and ·12s1odine (Amersham). Known T-kininogen 

standards were included in every RIA. Plasma samples, 1251-labeled T

kininogen, and antiserum were diluted in 25mM phosphate buffer 

containing 0.9% saline, 0.025mM EDTA and 0.01 % thimerosal; · 0.1 % alkali

treated casein was added to this buffer to reduce non-specific binding (Livesey 

and Donald, 1982). Since the EDS0 of this assay was about 300 ng/ml, rat 

plasma samples were diluted 1:2,000 (for controls) to 1:10,000 (for FCA-treated 

animals)._ T-kininogen antiserum was diluted 1:1,000. 50µ1 each of the 

appropriate dilutions of plasma, labeled.T-kininogen and antiserum were 

placed in eppendorf tubes. ·After overnight incubation at 4 °C, the bound · 

antigen was precipitated with protein A (Zymed, San Francisco, CA). 

Radioactivity in the precipitate was counted on a Packard Cobra gamma 

counter and the data were processed using a data analysis program (Logit-log 

or 4-parameter logistic). RIAs were performed in large part .by Dr. Carol A. 

Lapp, Dept. of Pharmacology and Toxicology, Medical College of Georgia. 
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· C. RNA isolation 

All the necessary precautions were taken when working with RNA to 

prevent its degradation by RNAses. These included:·· treating the water and 

solutioi:1s for at least 12 hours with diethyl pyrocarbonate (DEP; Sigma; 1:1000 

vol/vol) ·followed by autoclaving, baking all glassware at 400-500°F for 4hrs or 

using sterile plasticware, and wearing gloves while handling samples. 

1. Isolation of total RNA 

RNA was isolated from liver using RNAzol (Biotecx Laboratories 

International, Inc., Houston, Texas). RNAzol is a commercially available 

product which consists of guanidinium thiocyanate, phenol and 

2-mercaptoethanol. It allows for the isolation of RNA in only a_few hours 

(Chomczynski and Sacchi, 1987). 0.5 to 1.0g of liver tissue_ was excised from a 

liver lobe, immediately placed in 5 to 10ml of RNAzol- and homogenized . 

using a Polytron homogenizer. One tenth volume of chloroform was then 

added and the mixture was shaken vigorously for 15 sec and placed on ice for, 

at least 15 min. Samples were then spun at 12,000 X g at 4 °C for 15 min, and 

the aqueous phase was care(ully separated from the organic _phase. At this 

· point the DNA is in the interfase between the organic phase and the aqueous 

phase due to its association with denatured proteins, while the RNA remains 

in the aqueous phase. RNA was then precipitated by adding an equal _volume 

of isopropanol and incubating f~r 45 min at .:.20°C. F~llowing centrifugation 

for 15 min at 10,000 X g, the precipitate was washed with 75% ethanol and 

dried under vacuµm. _ The RNA pellet was suspended in 3-5 ml of 

0.1 % sarcosyl (N-Lauroylsarcosine sodium -salt, Sigma), 0.1M 
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fs-mercaptoethano! (Sigma). Once the RNA was dissolved, U.V. 

spectrophotometer absorbance readings of 1 /200 dilutions were taken at 

260nm to estimate- the yield (1 A260 = 40µg RNA). RNA samples were then 

precipitated at pH 5.0 with 0.3M sodium acetate and 70% ethanol and stored at 

-20 °C for further use. 

2. Isolation of Poly (A+) RNA. 

Poly (A+) RNA_ was isolated by affinity chromatography on oligo-(dT)

cellulose (Clontech, 18-30 mers). Oligo-(dT) columns were prepared in BIO

RAD Poly-prep chromatography _columns using 100mg oligo-(dT)-cellulose 

suspended in 10ml elution buffer (l0mM Tris, pH 7.5, lmM EDTA and 0.4% 

SDS). The packed column (0.4ml bed volume) was then equilibrated_ with 

· high salt buffer (l0mM Tris, pH 7.5, lmM EDTA, 0.SM NaCl, 0.3% SDS). 

Three to five milligrams of total liver RNA were dissolved in 2.7ml of 

elution buffer, heated to 68°C for 3 min, and brought up to_0.SM NaCl 

concentration by the addition of 0.3ml of SM NaCl. The samples were passed· 

through the column three times and the effluent was saved as poly-(A-) 

RNA. The column ':Vas then washed wi~h 4-Sml of high salt buffer. The poly 

(A+) enriched fraction was eluted with 1ml of elution buffer and ethanol 

precipitated. Yields of 1-2% of poly (A+) RNA were consistently obtained 

using this protocol [10-20µg poly (A+) RNA/mg total RNA]. 
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D. RNA Glyoxylation and Electrophoresis 
, . 

RNA was size fractionated by electrophoresis. Denaturation of RNA is 

necessary to eliminate the influence of secondary structure on its 

electroph~retic mobility. Denaturation of RNA for electrophoresis was done 

by glyoxylation (McMaster and Carmichael, 1977): glyoxal forms a stable 

adduct with guanosine residues and thus prevents the formation of G-C base 

pairs. Up_ to 15µg of RNA [poly-(A +) or total] was incubated in 15µ1 of a · 

solution containing 1.0M deionized glyoxal, 50% DMSO, 12mM Tris, pH 7.0, 

0.3mM EDTA, and 6mM sodium acetate at S0°C for 30 min. Electrophoresis·. 

was in 1.5% horizontal agarose gels in low ionic strength buffer (12mM Tris, 

0.3mM EJ?TA, ~mM sodium acetate, pH 7.0) at .S0mA (3-5 V / cm) for 4 hours 
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. in a BIO-RAD, DNA SUB CELL™ apparatus (LS hr in a BIO-RAD MINI 

SUB™ CELL). The buffer was changed periodically (every 1.5 hr· for large gels, . 

45 min for minigels) to ma~ntain .the pH below 8.0 and avoid deglyoxylation 

of the RNA (~aniatis ei al., 1982, p. 200). 

To analyze the integrity of the RNA following electrophoresis, the gels 

-w:ere stained wi_th acridine orange by placing them in -the dark· for 30 min in 

fresh Running Buffer containing 30µg/ml acridine orange followed by 

destaining overnight in acridine_ orange-free buffer, also in the dark. For 

Northern blots, only the marker lane containing 15µg of po~y-(A-) RNA was 

stained. The 28S and 18S rRNA bands were used as size markers (28S rRNA, 

5100 bp; 18S rRNA, 1950 bp). Since a linear relationship exists between the 

distance that the glyoxylated RNA migrates on the gel and the_log10 of _its 

molecular weight (Manley, f984), the migration of. the size markers was 

plotted on semilogarithmic graph paper and used to determine the sizes of 

rriRNAs identified by Northern blot analysis. 



E. Northern Blots and Hybridization 

For Northern blots, 10 X SSC (1 X SSC: 0.15M NaCl, 0.015M· sodium 

citrate) was used to transfer RNA from the agarose gels onto nylon 

membranes (Gen_eScreenPlus, DuPont) by capillary action. Glyoxylation was 

reversed after blotting by incubating the membrane in 50mM NaOH for 15 sec 

followed by neutralization in 1 X SSC, 0.2M Tris-HCl, pH 7.5 for 30 sec. 

Membranes were blotted briefly with Whatmann 3MM paper and then left to. 

air dry [it is not necessary to fix the RNA on the membrane by baking 

( GeneScreenPl us protocols)]. 

1. Probes 

Three synthetic oligodeoxyribonucleotides that hybridize specifically to 

rat TI, TII and K-kininogen messages (Fung and Schreiber, 1987) were 

synthesized on an Applied Biosystems 380B DNA synthesizer ·(Dr. T. 

Stoming, CMB Dept., Medical College of Georgia). The sequences of these 

oligonucleotides are: 

TI probe 

TII probe 

Kprobe 

5'-CTCCCTGGGGCAGCCACGGCAA-3' 

5' -GTTCTTGGGGCAGCCAAACGAT-3' 

5' -CAGACAGTGGTACTCGTTTGTCACT ATG-3' 

Hybridization to a B-actin mRNA wa_s performed· using a 1.15kb 

B-actin cDNA probe (obtained from C. Ordahl, Temple University Medical 

School, Philadelphia, PA; Ordahl, 1980). A cDNA probe for the rat IL-6 

receptor (clone RIL6RC.2B; Baumann et al.,.1990) was a gift from Dr. M. 
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Baumann and Dr.· G. Fey, Scripps Clinic, La Jolla, CA. A rat IL-6 cDNA probe 
( 

(clone RIL6C.94; Northemann et al., 1989) was a gift from W. Northemann, 

Scripps Clinic, La Jolla, r;A. Probes __ were isolated from their plasmid vectors 

by digestion with the appropriate enzyme(s). Low-melting-temperature 

agarose electrophoresis was used to separate the inserts from the plasmid 

vectors. 1.2-1.5% low-melting-temperature agarose gels were poured and run 

at 4°C in 40mM Tris-acetate, pH 8.0, SmM sodium acetate, lmM EDTA, 

0.Sµg/ml ethidium bromide. Following electrophoresis (4-5 hours at 30-40V), 

probe fragments were visualized on a U.V. source and excised from the gels. 

· The amount of DNA fragment obtained was estimated by calculating the 

percentage of the total plasmid DNA loaded (µg) that the fragment represents. 

The excised agarose_ was melted by boiling and the volume was determined. 

Samples were diluted with deionized water_ to a concentration of 2-l0ng/µl, 

aliquoted, and stored at -20°C. 

2. P1;obe labeling 

Oligonucleotideprobes (200ng) were end labeled with 835 µCi gamma-

-32p..iATP (7000 Ci/mmole, ICN) and 10 units T-4 polynucleotide kinase (N~w 

England BioLabs, Inc.) in 0.0SM Tris-HCl, pH 7.6, 0.01M MgCl2, 0.lmM EDTA, 

SmM DTI, and 0.lmM spermidine in 25 µl reactions. Reactions were 

incubated for 30 min at 37°C, and the labeled probes were then purified on 

NENsorb-20 nucleic acid purification cartridges (DuPont) using 20% ethanol 

for elution. Specific activity obtained was typically ~109 Cerenkov cpm/µg. 

cDNA probes were labeled in low-melting-temperature _agarose by 

random primer extension using a Pharmacia oligolabeling kit. S0ng of DNA 

were labeled in 50µ1 reactions containing 10µ1 reagent mix, 5µ1 (S0µCi) a-32p_ 

dCTP (3,000 Ci/mmole, ICN), and 2µ1 Kle~ow fragment. Reactions were 
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incubated for 30-60 min at 37°C and then stopped by the addition of 20µ1 0.1M 

EDTA, pH 7.5. Purification of the labeled probes was by size exclusion on 

Sephadex G-50 columns (Pharmacia). 

3. Hybrid~ation and washing 

Membranes were prehybridized for at least 15· min in 50% formamide, 

6 X SSC, 1 % SOS· and 10% · dextran sulfate at 42 °C. Probes and salmon sperm 

DNA (2 X 106 cpm and 100µg, respectively, per milliliter of hybridization 

solution) were denatured by boiling for·10 min and then added to the 

prehybridization·solution. Hybridizatio~ was at 42 °C for 6-24 hrs. After 

hybridization with the oligomicleotide probes, membranes were washed for 

15 min in 2 X SSC, 0.1 % SOS at room te1:11perature, twice for 15 min each at 

42 °C in 0.2 X SSC, 0.1 % SOS, and th~n 15 min at room temperature in 

2 X SSPE (0.36M NaCl; 0.02M sodium phosph~te, dibasic; 2mM EDTA). 

Washing stringencies for hybridization with cDNA probes were the same as_ 

those used for oligonucleotide. probes or as follows: 2 X SSC for 5 min at 

room temperature, 2 X SSC, 1 % SOS at_ 60°C for 30 min, 0.1 X S?C, 1 % SOS at 

60°C for 30 min, and 2 X SSPE at room temperature for 15 min. To avoid 
' ( . 

irreversible binding of the probes, membranes were not allowed to dry. They 

, were placed on moist Whatmann 3MM paper and wrapped in Saran Wrap . 

. Hybrids were detected by autoradiography using Kodak X-Omat film at-80°C 

and intensifying screens. Membranes were used for consecutive 

hybridizations with different probes. Probes were stripped from the 

membranes by washing with hot (100°C) 2 X SSC, 1 % SOS at room 

temperature for l-2 hr followed by a 30 min wash with 2 X SSPE at room 

temperature. 
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4. Data Analysis .. 

. A Shimadzu CS9000 scanning densitometer (Shimadzu Corporation, 

Columbia, MD) was used to scan the autoradiographs and quantify the 

relative amounts of signal in each lane. Autoradiograph exposures were 

chosen where both the low levels of T-kininogen mRNA controls arid the 

high levels in the FCA samples approximated the linear range of the scanner. 

Due to the magnitude of _th~ induction with adjuvant, some of the adjuvant 

densit?metry values .may have reached saturation levels and may have 

. resulted in,··if anything, an underestimation of the mRNA levels inFCA

treated rats. Densitometry values of the mRNA ban~s obtained from · 

hybridization to the T-kininogen, the IL-6 receptor and IL-6 probes, were 

normalized for differences in the amounts of RNA on.each lane by dividing 

them by the values obtained from hybridization to B-actin mRNA on the 

same lane. The B-actin gene is constitutively expressed (Quitschke et al., 1989) 

and is not regulated by inflammation (see results). The normalized values 

were then used to calculate.group-averages and standard errors of the means. 

(S.E.1:-f.). Significant differences between the means were tested using the 

Student t test (Statgraphics: Statistical Graphics System, Ver. 2.1). The 

relative differences of each group with respect to the control group were 
I 

E:xpressed as "X Control" and correspond to the ratio of the values obtained 

from the treated groups to those from the control group from the same 

experiment. These values were used to compare results from different 

experiments. 
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F. Nuclear run-on assays 

Methods for nuclear isolation and run-on transcription were based on 

those described by Morello et ril. (1990). 

1. Isolation of Nuclei 

0.8-1.0g of liver excised from the same lobe used for me~surement of 

T-kininogen mRNA levels was used for nuclei isolation. All operations 

_following excision were performed at 4 °C. Liver tissue was ~ashed in 

normal saline, minced with a sterile razor blade and then disrupted in 5ml 

homogenization buffer (300mM sucrose, 60mM KCl, 15mM NaCl, 15mM 

HEPES (N-[2-Hydroxyethyl]piperazine-N'-{2-ethane sulfonic acid), pH 7.5, 

2mM EDTA, 0.SmM EGTA, 0.15mM spermine, 0.SmM spermidine and 14mM 

B-mercaptoethanol) with a motor-driven teflon pestle in a glass 

homogenizer. _Centrifugation for 5 min at 1,000X g followed. The 

supernatant was discarded, and the pellet was gently resuspended in 5ml of 

homogenization buffer plus 0.5% Nonidet P-40. This was layered over a 

cushion of homogenization buffer that contained 30% (w/v) sucrose and 

centrifuged for 5 min at 2,000 X g. The nuclei were suspended in stora,ge 

buffer (50% glycerol, 20mM Tris, pH 7.9, 15mM NaCl, 0.SmM EDTA, 0.85mM 

DTT, 0.125mM PMSF). To estimate the total amount of nuclei obtained, the 

number of nuclei in appropriate diltftions of each sample was counted using 

a haemocytometer. Nuclei were then divided into aliquots that contained 

approximately 107 nuclei. Following centrifugation for 30 sec ~t-12,000 X g, 

buffer in excess of 21µ1 was removed, and aliquots were frozen and stored in 

liquid nitrogen. 
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2. Run-on transcription reactions 

100µ1 run-on transcription reactions contained 107 nuclei, 35µ1 

reaction mix (0'.3M ammonium sulfa~e, 0.1M Tris, pH 7.9, 4mM MgCl2, 4mM 

MnCl2, ·0.2M NaCl, 0.4mM·EDTA, 0.lmM PMSF, l00inM DTT, ~mM each of 

GTP, ATP and CTP, l00mM creatine phosphate, 20 uni~s RNasin, _Promega), 

29% (w /v) glycerol and 150µCi [a-32p]-UTP (ICN; 3,000 Ci/mM). a-Amaniti:h 

(Sigma) at a concentration of 2µg/ml was added to some reactions. Followi~g 

incubation for 30 min at 26-28°C, l00µg yeast tRNA was added as carrier. Two 

to three cycles of DNA digestion (2µ1 RNase-free DNase (BRL) at 28°C for _10 

min) followed until a clear, lysate was obtained. An equal volume of 20mM 

Tris, pH 7.9, 20mM EDTA, 1 % SDS was then_ added and the solution was 

digested for 30 min at 37°C with 5µg proteinase K. RNA was extracted with 

. phenol: chloroform: isoamyl alcohol followed by precipitation onice for 30 

min with 10% (w /v) trichloroacetic acid/1 % sodium pyrophosphate. The 

RNA precipitate was washed once at 4 °C with 5% trichloroacetic acid/1 % 

sodium pyrophosphate and then dried under vacuum. RNA was partially 

hydrolyzed by suspending the precipitate in 250µ1 of 20mM Hepes, pH 7.5, 

5mM EDTA followed by the addition of 200mM NaOH. After 15 min 

incubation on ice, hydrolysis was terminated by the addition of 1/.4 volum·e 
. ' 

"lM HEPES (free acid). The RNA was precipitated at -20°C with 0.3M sodium 

acetate and 2 volumes absolute ethanol.· The amount of labeled RNA 

recovered per reaction was 2 X 106 - 1 X 107 cpm. 

3. Hybridization procedures 

Plasmid prKG29 (gift from S. Nakanishi, Kyoto University Faculty of 

Medicine, Kyoto, Japan), which contains a nearly full length T-kininogen 

cDNA (Furuta-Kato et al., 1985), _was used for the measurement of 
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T-kininogen run-on transcripts. Hybridization to this cDNA did not 

distinguish between TI-kininogen and TII-kininogen · RNA transcripts. 

Th~refore, measurements using this assay were of total T-kininogen gene 
. . 

transcription. HMW-K and LMW-K kininogen RNA transcripts also 
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hybridize to this plasmid (Kageyama et al., 1985), but the amount of 

hybridization of these RNAs to p~KG29 should be constant since K-kininogen · 

gene expression is ~ot regulated during FCA-induced inflammation (Howard 

et al., 1990). 

prKG29 and a control plasmid lacking eukaryotic sequences 

(Bluescript, Stratagene) were linearized by digestion with EcoR I followed by 

phenol-chloroform- extraction (Maniatis et al., 1982, p. 458) and ethanol 

precipitation (0.2M ammonium acetate, 70% ethanol). Linear plasmids were 

then suspended in 0.4N NaOH, 0.6M NaCl and immobilized onto 

GeneScreenPlus nylon membranes (DuPont, Wilmington, DE) _using a BIO

RAD slot blot apparatus (l0µg per slot). Following transfer, the pH was 

neutralized by washing in 0.5M Tris~ pH 7.0, for 10-15 minutes. Nylon strips 
- ' 

that contained one prKG29 slot and one Bluescript slot were prehybridized at 

-42°C in 1.0ml hybridization buffer (50% formamide, 10% dextran sulfate, 

6 X SSC, lM NaCl, 1 % SDS and 50mM Tris, p~ 7.5, 10µg/ml poly rA and 

300µg/!:111 sheared, denatured salmon sperm DNA) for 4-6 hours. 

Radiolabeled, heat denatured run-on RNA was then added in 500µ1 

hybridization buffer and incubated at 42 °C for 2-3 days. Each nylon strip was. 

hybridized to the same amount of radiolabeled RNA (2-5 X 106 cpm). 

Following hybridization, nylon strips were washed in 0.2 X SSC, 0.1 % SDS for 

15 min at room temperature, twice for 20 min at 42 °C and then 30 min in 2 X 

SSPE. Hybrids were detected by autoradiography and qu~titated by scanning 

autoradiographs with an optical_ scanner (Shimadzu). 



4. Data Analysis 

Densitometry values obtained from hybridization to prKG29 were 

corrected for background hybridization by subtr~cting from them the values . 

obtained from hybridization to the control bluescript plasmid. The corrected 

values were then used t9 calculate group averages and S.E.M. The Student t 

test was used to test for significant differences between the means. 

G. Cell Culture 

The effect of dexamethasone on T-kininogen mRNA levels wa·s tested 

in a rat hepatoma cell line (FAO; gift from Dr. M.C. -Weiss, Institut Pasteur, 

Pari$, France). FAQ cells were cultured in Dulbecco's modified: essential 

medium (DMEM/F12,· GIBCO) containing 5% newborn calf serum, 2.5% fetal 

calf serum, 2.5% NuSerum V (Collaborative Research), l00U /ml penicillin 

and l00µg/ml streptomycin. Cells were allowed to grow to confluency and 

medium was then changed to serum-free. DMEM/F12 with Sµg/ml insulin, 

Sµg/ml tr_ansferrin, Sng/ml selenium and antibiotics. After 24 hrs, this 

medium was replaced with fresh serum-free m~dium that contained · 

. dexamethasone. ·· Preliminary experiments (Dr. Carol A. Lapp, personal 

communication) showed that T-kininogen synthesis wa_s induced in these 

cells following incubation for 24 hr with doses of dexamethasone _that ranged 

from 10-10 to 10-6M. Maximal T-kininog_en production was o~tained using 

1 o-BM dexamethasone. Therefore, FAO cells_ were exposed to 10-8 M 

dexamethasone when measuring changes in T-kininogen mRNA levels. 

Following incubation, medium was remov~d and total RNA was isolated 
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with RNAzol. RNA was Northern blotted and hybridized to the TI, TII and 

8-actin prob~s as usual. T-kininogen mRNA levels from cells 'that had been 

exposed to dexamethasone were compared to those from control cells that 

had been incubated in serum-free medium without the steroid. 

H. Preparation of RNA from Peritoneal Exudate Cells (PEC) 

Adherent peritoneal exudate cells were prepared essentially as 

described by Northemann et al. (1989). Rat_s were anesthetized with ether, and 

blood was collected by heart puncture for measurement of plasma 

T-kininogen levels. Peritoneal lavage was performed, also under _ether 

anesthesia, with two consecutive injections of 45ml ice-cold Dulbecco's 

modified essential medium (DMEM, GIBCO). Following lavage, liver 

samples were collected for measurement of hepatic T-kininogen mRNAs. 

Peritoneal cells were concentrated by centrifugation at 100 X g and 

resuspended in serum-free DMEM supplemented with 10mM Hepes, pH 7.0. 

Cells were pla_ted in 60mm tissue culture Petri dishes ,(7 X 107 cells/dish) and 

allowed to attach for 4 hours at 37°C. Nonadherent cells were,removed with 

three consecutive washes with DMEM. The RNA was extracted from the 

adherent PEC with RNAzol (Biotecx). Three milliliters of RNAzol were 

added to each _Petri dish. Cells were co.mpletely lysed by pipetting andlhe 

lysate was transferred to a 15ml Corex tube. Pipetting was continued until a 

clear, non-viscous lysate was obtained. Chloroform (300µ1) ·w~s then added 

followed by vigorous vortexing for 15-30 seconds. The RNA isolation 
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procedure, from. this point on, was exactly as that for the isolation of total 

liver RNA. Northern blots of total PEC RNA were performed as described for 

liver RNA, and IL-6 mRNA levels were measured by hybridizing to the rat 

IL-6 cDNA probe (Northemann et al., 1989). 
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III. RESULTS 

Injection of Freund'.s complete adjuvant (FCA) in the rat footpad has 

been used as an experimental model for arthritis sice it results in the 

development of a polyarthritic condition (reviewed by Billingham, 1983). 

The .development of Adjuvant-arthritis is characterized by the onset of an 

acute local inflammation (primary phase; 1-4 days .after FCA inoculation) 

followed by a more extensive inflammatory response that resembles human 

rheumatoid arthritis (secondary phase). The secondary phase of Adjuvant

arthritis appears approximately 10-12 days after FCA injection and can last for 

several weeks. These two phases have been characterized by meas~ring 

changes in paw swelling (Sofia et al., 1975) and in levels of both positive and 

negative acute phase proteins. Regarding T-kininogen during FCA-induced 

inflammation, a maximal 20-fold increase in plasma levels had been reported 

7 days after FCA injection (Barlas et al., 1985). In the present studies, the 

effects of dexamethasone and indomethacin treatments on T-kininogen 

production were studied 3 days, after FCA injection for several reasons: 

1) The studies by Barias et al. (1985), which showed suppressed T-kininogen 

plasma levels in rats treated with dexamethasone (58%) or indomethacin 

(35%), were performed at this time point; 2) In view of those results, it was of 

interest to limit these studies to the regulation of T-kininogen gene 

expression during the primary acute phase response to Adjuvant injection; 
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3) Preliminary results showed that T-kininogen plasma levels were higher 3 

days th~ 7 days after FCA injection. By studying the effects of anti

inflammatory treatment at a time when the induction with FCA is high, it 

couid be easier to detect differences, if any, between the FCA-treated rats and 

those that also received dexamethasone or indomethacin treatment. 

Freund's complete adjuvant consists of a mixture of dead mycobacteria 

suspended in mineral or vegetable oil (Billingham, 1983). The vehicle in 

which the mycobacteria are suspended is referred to as incomplete Freund's 

adjuvant (IFA). Injection of IFA in the foo~pad of rats caused a 3-fold increase 

in T-kininogen plasma levels (Figure 4), su~gesting that injection of the 

mineral oil alone causes a small infl~mmatory response. The -possibility of. 

using rats injected with incomplete adjuvant as vehicle, controls was 
. . . 
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. therefore discarded and control animals in subsequent experiments received a . 

saline injection in place of Freund's complete adjuvant. 

A. T-kininogen mRNA levels in dexamethasonejtreated rats are lower 

than in FCA-treated rats. 

Barlas et al. (1985) observed lower T~kininogen plasma levels in FCA

treated rats that received dexamethasone treatment compared to those in rats 

that were not treated with the steroid. Experiments were therefore designed 

. to determine whether the effect of dexamethasone on T-kininogen 

production is accompanied by changes in T-kininogen mRN A levels. The 

effect of dexamethasone treatment (i.p., 0.25 mg/kg/ day) on T-kininogen 

plasma levels, paw edema and T-kininogen mRNA levels was studied in 2 

month old male Sprague Dawley rats three days following FCA injection. 



Figure 4. The effect of incomplete Freund's adjuvant injection on 

T-kininogen plasma levels. Rats were injected subcutaneously in the left 

hind footpad with 0.1 ml of incomplete adjuvant (IA). Three days following 

injection, T-kininogen plasma levels were measured. Values shown here are 

from a single experiment. T-kininogen plasma levels from untreated (UT), 

saline (S) and incomplete adjuvant (IA) injected r~ts is shown in mg/ml ± 

S.E.M, n=3. 
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Typical Northern blot autoradiographs are shown in figure 5. The TI 

and TII-kininogen oligonucleotide probes hybridized to 1.6 kb mRNAs, as 

expected (Furuto-Kato et al., 1985). The published cDNA sequences of TI, TII 

and K-kininogens were searched for regions of _homology, other than those 

from which the probe sequences were taken, and none were found. 

Furthermore, the homology between either of the T-kininogen mRNA 

sequences and the K-kininogen. mRNA sequence is higher tha~ between that 

of the TI and TII-kininogen mRNAs in the region identified by the probes 

(Table II). Therefore, cross-reactivity between any ~f the probes, and the 

homologous but not fully complementary mRNAs would result ·in the 

T-kininogen probes hybridizing to the K-kininogen mRNA. The specificity of 

the oligonucleotide probes was confirmed since no K-kininogen band was 

detected with either of the T-kininogen probes. Hybridization to a fs-actin 

cDNA was used to control for the amount of RNA in each lane. fs-actin 

mRNA levels were not significantly affected by FCA and/or dex~ethasone 

treatments throughout our experiments (Figure 6; p = 0.52). 

As can be seen in the autoradiographs in figure 5, lower levels of TI 

and Til-kininogen mRNA were observed in rats that received FCA plus 

dexamethasone treatment as compared to those that received FCA alone. The 

values obtained for relative T-kininogen mRNA levels after densitometry 

scanning and normalization to fs-actin mRN A levels from a single 

experiment are shown in Table ill. As compared to control levels, FCA 

injection caused an 8- and 15-fold increase in TI and T-11 kininogen mRN A 

levels, respectively. This was accompanied by a 2-fold increase in paw 

thickness and a 10-fold increase in T-kininogen plasma levels. Rats that 

received concurrent dexamethasone treatment had TI and TII-kininoge_n 

mRNA levels that were only 5 (TI) and 8 (TII)-fold above controls. These 



Figure 5. Northern·blots. Poly-(A+) mRNA was isolatedfrom 2mo~t4 old 
•' . .· . '. 

male rats, three days after injection of Freund's complete adjuvant or saline. 
. . . 

. . 
. . 

RNA was size fractionated by electrophoresis (Sµg/lane) on a 1.5 % agarose 

gel, capillary blotted onto a nylon membrane, and hybridized consecutively to 

three different radiolabel~d probes (TI, TH and {5-actin). 

Lanes 1-4 (Adjuvant): RNA from rats treated with Freund's complete 

adjuvant only. 

Lanes 5-8 (Adj + Dex): RNA from rats treated with adjuvant and 

dexamethasone (0.25mg/kg). · 

Lanes 9-12 (Control): RNA from saline injected controls:-
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Adjuvant Adj+ Dex Control 

TI - 1.6 kb 

TII -1.6 kb 

:8-actin - 2.0 kb 

1 2 3 4 5 6 7 8 9 10 11 12 



Table II. The homologies at the nucleotide level between the complementary 

sequences of the TI, TII, and K-kininogen oligonudeotides (TI Oligo, TII Oligo 

and K Oligo) and the respective mRNA sequences (TI mRN,A, TII mRNA an_d· 

K-mRNA; from [Furuto-Kato et al.,1985]) were calculated using an IBI DNA 

sequence program. Note that the homology between the T oligonucleotides 

and the K-kininogen mRNA (81 _and 77%) is_ higher than that between the TI 

oligonucleotide and TII-kininogen mRNA (72%) or the TII oligonucleotide 

and TI mRNA (72%). The published cDNA sequences "for TI, TH and K

kininogen were also searched and no other homologies were found. 



Table II. Sequence homologies between the TI, TII and K-kininogen 
oligonucleotide probes and the TI, TII and K-kininogen mRNAs~ 

TlmRNA TllmRNA K-mRNA 

TI Oligo 22/22 16/22 18/22 

TII Oligo 16/22 22/22 17/22 

:1< Olig_o 17/28 17/28 28/28 
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_Table III. Changes in paw thickness, T-kininogen plasma levels and TI and 

TII-kininogen mRNA levels in the liver of 2 month old male rats 3 days after 

Freund's complete adjuvant (Adjuvant), adjuvant plus dexamethasone (Adj 

+ Dex; 0.25 mg/kg/day), or saline (Control) injection. T-kininogen mRNA 

levels are expressed as a fraction representing the_ density of the T-kininogen 

mRN A band divided by the density in the 2.0 kb B-actin band in the same 

lane (_TI/8-actin; TII/8-actin). This corrects the T-kininogen mRNA data for 

the amount of RNA loaded into each lane of the agarose gel. Results are from 

a single experiment. Values are the averages of 4 observations± S.E.M. * p ~ 

0.05 as compared to the adjuvant, group. 



Table III. Effect of dexamethasone on paw thickness, plasma T-kininogen levels 
and TI and TII-kininogen mRNA levels in 2·month old male rats. - · 

'· Plasma 
Paw(mm) T-kininogen TI/8-actin TII/8-actin 

(mg/ml) 

Control 4.25±0.13 0.40± 0.03 0.51 ± 0.15 0.50 ± 0.11 

Adjuvant 9.05 ± 0.5 4.21 ± 0.17 4.21 ± 0.49 7.40 ± 1.36 

Adj+ Dex 6.3 ± 0.13* 2.91 ± 0.15* . 2.40 ± 0.38* 3.96 ± 0.89* 
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Figure 6. The effect of FCA and FCA plus dexamethasone treatments on 

B-actin mRNA levels. Northern blots containing Sµg/lane of poly-(A+) RNA 

isolated· from control, adjuvant, and adjuvant plus dexamethasone-treated 

animals were hybridized to a 8-actin cDNA probe. Autoradiographs were 

scanned and the average of the· values obtained from the_ adjuvant and 

adjuvant plus dexamethasone lanes were divided by that-obtained frqm the 

control lanes. The average of_ the resulting ratios (X Control) ±·S.E.M from 4 

different experiments is shown. Control levels equal one and are _shown as a 

dashed line; 



43 

1.4 

1.2 

....-4 1.0 
0-
~ 

0.8 .... 
= 0 u 0.6 

>< 
o-.4 

0.2 

0.0 
Adjuvant Adj +_Dex 



values are 38 and 47% lower than those in rats that did not receive 

dexamethasone. Paw thickness and plasma T-kininogen levels were also 29 
. . 

and 30% lower, respectively, in FCA plus dexamethasone treated rats. 

When dexamethasone alone (0.25 mg/kg) was administered daily for 

three days to young male rats, no change in plasma T-kininogen levels or 

T-kininogen mRNA levels was observed compared to untreated control 

animals (Table IV). Also; HMW-K and LMW-K-kininogen mRNA levels did 

. not change in response to FCA treatment or concurrent treatment with 

dexamethasone (Figure 7). The'se results show that T-kininogen gene 

expression, unlike that of the K~kininogen gene! is influenceq. by FCA and 

concurrent dexamethasone treatment and that dexamethasone causes a 

significant decrease in the plasma and mRN A T-kini1:1-ogen levels i.n the FCA 

treated rat, but has no effect in the normal rat. 
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In four different experiments, FCA-injected rats that receive<;:! 

dexamethasone (0.25 mg/kg/ day) had lower T-kininogen plasma levels, and 

TI and TII.:.kininogen mRNA levels, than rats that were not treated with the 

steroid. Results are shown- in figure 8. Three days following FCA injection, 

T-kininogen plasma levels were 11.4 ± 1.8-fold above control values in FCA

treated rats that did not receive dexamethasone treatment. Paw thickness was 

measured in only three of these. experiments·. · A 2.2 ± 0.26-fold increase in 

paw thickness over c~ntrol values was observed in rats injected-with FCA 

alone. Rats that received dexamethasone along with FCA injection had 
" • ' I 

significantly lower T-kininogen plasma levels (41 ± 5%; n=4) and le~s paw 

swelling (37 ± 4%; n=3) than rats that were not treated with the steroid. TI 

and TII-kininogen mRNA levels in livers of FCA-treated.rats were 22_ ± 8.7 

and 33 ± 10.6-fold higher, respectively, than those in control animals. 

Al though the magnitude of the increase in mRN A levels following FCA 



Table IV. Rats were injected once subcutaneously with saline in the left 

· footpad and intraperitoneally with saline or dexamethasone (0.25 mg/kg/ day) 

· for 3 days. Paw thickness, T-kininogen plasma and TI and TII-kininogen 

mRNA levels were then measured. Values are the average _of observations 

from 3 rats ± S.E.M. Differences between the means of the groups are not 

significant (p ~ 0.31). 



Table IV. Dexamethasone treatment for three days of normal rats has no effect 
on paw thickness! T-kininogen plasma levels or TI and TII-kininogen mRNA. 

Tkgen 
TII/B-actin Paw(mm) (mg/ml) TI/B-actin 

Saline 
Control 3.7±0.10 0.33±0.03 0.44± 0.05 0.17 ± 0.02 

Saline+ Dex 3.6 ± 0.03 0.34± 0.02 0.53±0.05 0.18± 0.03 
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Figure 7 .. HMW-K and LMW-K kininogen mRNA levels are not changed 

following induced inflammation or concurrent dexamethasone treatment. 

The variations in K-kininogen mRNA levels are compared to those seen in 

· T-kininogen mRNAs. HMW-K and LMW-K values were obtained Jrom 

hybridization to the K-kininogen oligonucleotide probe and are expressed as 

fold induction over control levels. Each experimental group contained three 

rats. Control levels equal one and are shown with a dashed line. 
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Figure 8. Four experiments showing the effect of dexamethasone treatment 

on paw thickness, T-kininogen plasma levels and TI and TII kininogen 

mRNA levels in 2 month old male FCA-treated rats. Values are expressed 

individually for each experiment as the fold induction above control values 

(X Control). Paw thickness was not measured in experiment 1. Paw: paw_ 

thickness; Tkgen: T-kininogen plasma levels; TI: TI-kininogen mRNA 

levels; TII: TII-kininogen mRNA levels. Dashed line= control levels= 1. 
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injection varied from experiment to experiment, ~examethasone-treated. rats 

had TI and TII-kininogen mRNA levels that were 44 ± 2% (n=4) and 34 ± 6% 

(n=4) lower than those in rats that were not treate~ with the steroid. 

Levels of T-kininogen in plasma and expression ot the T-kintnogen 

gene have been shown to be influenced by the sex and age of the rats 

(Bouhnik et al., 1989; Chao et ·al., 1989; Oh-ishi et al., 1988; Sierra et al., 1989). 

The effect of inflammation and concurrent dexamethasone treatment on 

older male (17 months) and female (19 months) rats was therefore studied. 

Results showed. that the levels of T-kininogen in plasma of older male and . 

female control rats are significantly higher than in younger rats (Figure 9). 

Experimental inflammation caused~ marked increase in paw thickness, 

plasma T-kininogen levels and TI and TII-kininogen mRNA levels in both 

· old male and female rats. However, the magnitude of the increase in 

T-kininogen mRNA levels was not as great as in the 2 month old_male rats 

·(Figure 10). Concurrent dexamethasone treatment inhibited all parameters 

studied, but the magnitude of the ,effect on TI and TII-kininogen mRNA 

levels following dexamethasone treatment was significantly greater in older 

male rats (79% reduction vs. 45% in 2 month old rats and 27% in old female 

rats). Th~se results suggest that the respor:ise to dexamethasone with respect 

to T-kininogen message levels may differ with the age and the sex of the rats. 

To avoid dealing with the effects that age and sex may have on T-kininogen 

gene expression, young (2 month old) male rats were used for the remaining 

studies. 
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Figure 9. Control T-kinin~gen plas:JUa levels in young ctnd ·old ·sprague: 

Dawley rats. The·graph shows the T-kininogen plasma levels, in mg/ml± 

S.E.M (n=3), of saline-injected control rats from 2 month old male r~ts. [2 Mo 

(M)], 17 month old male rats [ 17 M·o (M)], and 19 month old female rats U9 
Mo (F)]. 
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Figure 10. Effect of FCA and dexamethasone on T-kininogen mRNA le_vels 

in 17 month old ·male rats and 19 mon'th. o~d female rats as compared to 2 

month old male rats. TI and TII-kininogen mRNA levels (TI, TII) were 

measured following adjuvant injection and concurrent dexamethasone 

treatment. Values are expressed as X Control (the ratio of the average of 3-4 

observations per experimental group to that of the control group in the same 

experiment) for each of 3 experiments .. Control levels equal one and are 

shown as a· dashed line. 

\. 



20 

18 

16 

14 

12 
,-,,I 

0 
J:j 10 = 0 u 
>< 8 

6 

4 

2 

0 
TI TII TI TII TI 

■ _ADJUVANT 

Ill ADJ+DEX 

TII 

2 Month Male 17 Month Male 19 Month Female 

50 



A dose-response experiment was performed to determine the 

sensitivity of T-kininogen gene expression to dexamethasone in young·FCA 

treated rats (Figure 11). Animals were injected with FCA and daily for three· 

days with dexamethasone at doses ranging from 0.125 to 1.0 mg/kg body 

weight. Higher d_oses of dexamethasone were not useq since these resulted in 

significant loss of body weight. In animals that received FCA alone, the 

thickness of the injected footpad increased 3-fold and plasma T-kininogen 

levels increased 12-fold above saline-injected controls. TI and TIT-kininogen 

mRNA levels increased 21 and 39-fold respectively. All doses of 

dexamethasone in the ra~ge. tested were equally effective in supressing the 

inflammatory response as measured by changes in paw thickness (40%) and 

plasma T-kininogen levels (49%). The accumulation of TI and TIT-kininogen 
. ' 

mRNAs in the liver was affected by dexamethasone in a dose-dependent 

fashion. Dexamethasone doses of 0.5 mg and 1.0 mg/kg body weight were 

about equally effective in inhibiting TI (63-70%) and TIT (52-56%) kininogen 

mRNA accumul~tion. In subsequent experiments, rats received 0.5 mg 

dexamethasone/kg body weight. This level of dexamethasone caused 

inhibition in T-kininogen mRNA accumulation that varied in individual 

experiments from 20-60%. · 

The developme~t of the dexamethasone effect with respect to time was 

studied. Adjuvant and dexamethasone were administered as usual. FCA, 

FCA plus dexamethasone and-control rats were sacrificed 12, 24, 48 and 72 
-, 

hours after FCA_-administration. Paw swelling, plasma T-kininogen and TI 

and TIT mRNA levels were measured at each time point. Results showed 

·that the injected paw swelled to nearly maximal levels 12 hours after FCA 

injection, while plasma T:-kininogen and T-kininogen mRN~ levels had not 

increased above c~ntrol values until twenty four hours following the 
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Figure 11. · Changes in paw thickness, plasm~. T-kininogen levels and T

kininogen mRNA levels in response to FCA injection and several doses of 

dexamethasone. Rats were injected with adjuvant and dexamethasone and 

then daily for two more days with the steroid in doses ranging from 0.125 to 

1.0 mg/kg body weight. Measurements of (A) paw thickness (mm), (B) 

plasma T-kininogen (mg/ml) and relative levels of (C) TI and (D) TII

kininogen mRNA were made three days after injection of adjuvant. T

kininogen mRNA levels .are expressed as a fraction representing the de~sity 

of the T-kininogen mRNA band divided by the density of the 2.0 kb B-actin 

band in the same lane (TI/B-actin; TII/B-actin). This corrects the T-kininogen 

mRNA data for the amount of RNA loaded into each lane of the agarose gel. 

ADJ: rats treated with 

adjuvant alone. C: control rats -injected daily with saline. Each value 

represents the average from three rats± S.E.M. 
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injection of FCA (Figure 12). At 48 hours after FCA treatment, the plasma 

T-kininogen and T-kininogen mRNAs reached -their highest levels. The 

kinetics of T-kininogen accumulation in plasma of dexamethasone-treated 

rats "during the first 24 hours following FCA injection were the same as in rats 

injected· with FCA alone. 48 hours after FCA injection a difference between 

the FCA-injected and the FCA plus dexamethasone-treated animals became 

apparent: rats in the' dexamethasone-treated group had 30% less plasma 

T-kininogen than rats in the FCA-treated group. TI and TII-kininogen 

mRNA accumulation in the liver of dexamethasone treated rats also 

follow~~ similar kinetics to tha·t in rats treated with FCA alone during .the 

first 24 hours after FCA injection. However, some difference in TI-kininogen 

mRNA levels between· the dexamethasone treated tats and those that 

received FCA alone was observed by 24 hours after FCA injection. A clear 

difference in both TI and TII-kininogen mRNA levels was apparent 48 hours 

after the treatment was initiated, but the magnitude of the difference was 

greater 24 hours later (72 hr time. point). 

· B. The transcription rate of T-kininogen gene.s following FCA injection is 

not significantly changed with dexamethasone treatment. 

Run-on transcription experiments w.ere performed using isolated rat 

liver nude{ to determine if transcription of T-kininogen genes was affected by 
. ' 

dexamethasone. 32P-UTP radiolabeled nasc.ent RNA from liver nuclei of rats 

treated with FCA and FCA plus dexamethasone for three days ·was used for 

hybridization.to a cDNA T-kininogen probe (prKG~9; Figure 13A). TI and 

TII-kininogen nascent RN As are expected to hybridize to this probe so that 
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Figure 12. Time course development of the dexamethasone effect. Rats were 

injected at to with adjuvant alone (o), adjuvant plus 0.5mg 

dexamethasone/kg b.w. (Ll) or saline ( ). Paw thickness, plasma_T-kininogen 

and relative levels of T-kininogen mRNAs were measured in separate groups 

of rats at 12, 24, 48 and 72 hours after adjuvant injection. Each value 

represents the average of data collected from two rats. 
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Figure 13. Run-on transcription assays. Effect of dexamethasone on the 

. transcription of T-kininogen genes in rats ~eated with Freund's complete 

adjuvant. Liver nuclei were isolated. from rats three days after injectio~ with 

adjuvant and used in run-on transcription assays. (A) The average values 

from three separate experiments, expressed as multiples of control levels± 

S.E.M, are shown. Two to four rats were used per experimental treatment in 

each experiment. Hybridization of radiolabeled run-on transcripts to plasmid 
. . 

prKG29 is shown in _the representative set of slot blot autoradiographs from 

one experime:µt (beneath the graph). Values were corrected for.background 

hybridization by subtracting the values obtained from hybridization to; the 

Bluescript plasmid. (B) Representative autoradiographs from one ' 

experiment showing changes in T-kininogen ~RN As_ in response to 

treatment with adjuvant and dexamethasone 1n the same liver lobe utrlized 

as a source of nuclei for the run-on assays. Adj: rats injected with adjuvant 

al~ne. Adj + Dex: rats injected with adjuvant and daily for three days :with 

dexamethasone (O~Smg/kg). TI: TI-kininogen mRNA. TII: TII-kininogen 

'mRNA. 
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measurement of the rates of transcription is of total T-kininogen RNA. 

Background hybridization of radiolabeled RNA· to the control bluesc!ipt 

plasmid was negligible. Also, addition of low levels of a-amanitin to the 

transcription reactions completely abolished hybridization of nascent RNA to 

plasmid prKG29 (Figure 14), indicating that the assay measured transcription 

of the T-kininogen genes'by RNA polymerase II (Colman, 1984). 

Three different experiments showed an increase in the rate of 

transcription of the T-kininogen ge_nes following FCA induced inflammation. 

The magnitude of the elevation was 6.5 ± 2.1-fold above controls. However, 

no change in the elevated rate of transcription was detected when· animals 

received FCA and three daily injections of dexamethasone (Figure 13A). In 

the same experiments, plasma T-kininogen and TI and TII-kininogen mRNA 

levels were 51 ± 3.6%, 52 ± 6._5%, and 46 ± 1.7% lower, respectively (Figure _ · 

13B), in rats with·induced inflammation that received dexamethasone 

treatment as compared to those that did not receive treatment. This ·suggests 

thatthe mec~anism by which dexamethasone affects T-kininogen mRNA 

accumulation does not involve changes in the rate of transcription of the 

genes. 

C. Indomethacin treatment does not affect T-kininogen plasma or mRNA 

levels. 

Since it had been reported that treatment with indomethacin also 

resulted in downregulation of T-kininogen production during inflammation 

(Barlas et al., ,1985), the effects of this non-steroidal anti-inflammatory agent 

on the level of T-kininogen mRNA accumulation were also tested. An 
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Figure 14. Ruil-on transcription assays measure transcription by RNA 

polymerase II. Liver nuclei f:r~om adjuvant and control rats were used in run

on transcription reactions., a-Amanitin (2µg/ml) was .included in one of the 

adjuvant reactions. Nascent radiolabeled RNA from the three reactions was 

hybridized to prKG29 and blu~script plasmi~s .im~obilized on separate nylon 

strips. Hybrids were detected by autoradiog:raphy and- the relative amouts of 

each determined by densitometry scanning. The prKG29 densitometry values 

were corrected for background hybridization by subtracting,values obtained 

from hybridization to Bluescript (prKG29-Bluescript). The resulting values of 

each of the three reactions are compared in this graph. 
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experiment using subcutaneous injection of indomethacin resulted .in 

irritation at the site of injection. Review of ~he literature on the effect of 

indomethacin· on inflamm.ation (Billingham, 1983; Sofia et al., 1975; 

Walz et al., 1971) showed that.most studies reported EDS~ values of 2mg/kg 

· based on oral or intragastric ·administration of the drug. It .~as therefore 

. decided to use that dose and. route of administration in the pr~sent studies. 

Indomethacin was suspended in 5% gum tragacanth and delivered 

intragastrically at-a dose of 2mg/kg at tli:e same time ·as the FCA inje~tion and 

at 24 hour intervals thereafter. Three days after FCA injection T-ki:n.inogen 

plasma levels, paw thickness and TI and TII mRNA levels were measured. 

Two .experiments showed no significant difference in T-kininogen plasma or 

mRNA levels in indomethacin plus FCA treated rats as compared to tho~e 

that received only FCA treatment. Table V shows results from one 
. . 

experiment. Only paw swelling was slightly (20%) and significantly (p=0.0074) 

different between the FCA plus indomethacin-treated rats and those. that did 

nofreceive indomethacin. No changes were seen, as compared to vehicle 

controls, in any of the parameters that were measured following 

indomethadn treatment alone (data not shown). 

D. Dexametha~one •induces T-kininogen gene expression in vitro . . 

Since· published. reports suggested that the effects of dexamethasone on 

T-kininogen synthesis in vitro may be different to what is observed in vivo· 

(Baussant et al., 1988; Okamoto et al., 1987b), the effect of dexainetha~one on 

· T-kininogen mRNA levels in a rat hepatoma cell line (FAO) was tested. In 

two separate experiments, TI and TII ·kininogen mRNA levels in FA,O cells 



Table V. Effect of indomethacin on paw thickness, plasma T-kininogen 

levels and TI and TII.;.kininogen mRNA levels i_n the adjuvant-treated rat. 

Rats were injected with Freund's complete adjuvant alone (Adjuvant), or 

with concurrent indomethacin treatment (2mg/kg/ day; Adjuvant + Indo). 

Measurements were taken 3 days after adjuvant injection. Indomethacin 

was administered intragastricallly and control rats received vehicle (5% gum 

_ tragacanth) in place of indomet~acin. Values are the average obtained from 3 

rats ± S.E.M (* p ~- 0.05 as compared to adjuvant alone). 



Table V. Effect of indomethacin on paw thickness, plasma T-kininogen levels 
and TI and TII-kininogen mRNA levels in the adjuvant-treated rat. _ 

T-Kgen_ 
Paw(inm)( (mg/ml) TI/B-actin TII/B-actin 

Adjuvant 9.2± 0.3 4.06± 0.28 2.09±0.25 1.44± 0.28 

~djuvant+ ?.35 ±_D.18* 3.54± 0.42 1.80 ± 0.19 1.31 ± 0.28 
Indo 

Control 4.15 ± 0.15 0.291± 0.88 0.15 ± 0.02 0.039 ± 0 .. 008 
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that were exposed to 1 o-BM dexamethasone ·were higher than those in cells . 
. . 

that were not incubated with th,e steroid.·. Twenty' foll:r hours of exposure to 

dexamethasone resu~ted in TI and TII-kininogen mRNA levels that were 

8- and 5-fold ab<?ve controls, respectively (Figure 15). Following exposure to 

1 o-8 M dexamethasone for 41 hours, T-kininogen mRN A levels w~re 5-fold 

(TI) and 4-fold (TII) higher than control levels (data not shown). These 

results suggest that dexamethasone induces T-kininogen gene expression in 
.-

vitro. This is in contrast to the results- seen in vivo where injection of 
( 

0.25mg/kg of dexamethasone given to rats for three days did not have a 

significant effect on T-kininogen m~A levels in the liver (Table IV). Fig 14 

shows a comparison between the results observed in vivo with the treatment 

of dexamethasone alone and those seen in vitro after exposure to 10-BM 

dexamethasone. 

E. Dexamethasone influences IL-6 but not IL-6 receptor gene expression in· 

FCA treated rats. 

Since Interleukin-6 is the major mediator of the hepatic acute phase 

response and is probably largely responsible for the induction of T-kininogen 

following inflammation (Gauldie et al., 1989; Marin~ovic et al., 1989), ~he 

effect of dexamethasorie on the expression of genes that encode the IL-6 

receptor and IL-6 was studied in FCA-treated rats. 

In Northern blots of liver poly (A+) RNA, the IL-6 recel?tor cDNA 

hybridized to a 5.2-5.4 kb message (Figure 16B). Since this size message is very 

close ~o the 28S rRNA band and others have shown that IL-6 receptor probes 

have some degree of crosshybridization to _28S rRNA (Baumann et al., 1990), 

60 



Figure 15. Effect of dexamethasone on T-kininogen mRNA levels in vivo 

and in vitro. TI and TH kininogen mRNA levels were measured as before. 

In vivo: Liver T-Kininogen mRNA levels from 200g Sprague Dawley rats 

that were treated daily with 0.25mg/kg dexametha'Sone for 72 hr. In vitro: T

kininogen mRNA levels in FAO hepatoma cells cultured in the presence of 

serum-free medium and 1 x 10-8 M dexamethasone for 41 hr. 
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Figure 16. Effect of. dexamethasone on IL-6 receptor mRNA levels in the liver 

of FCA-treated rats. (A) Relative changes in IL-6 receptor mRNA levels three · 

days after adjuvant injection. Values represent averages from four separate 

experiments expressed as multiples of control levels ± S.E.M. (B) · 

Autoradiographs from a representative experiment showing hybridization of 

the rat IL-6 receptor cD~A to a major 5.4 kb band .and control hybridization of 

the same membrane to 8-actin. Adj: RNA from rats injected with adjuvant 

alone. Adj + Dex: RNA from rats injected with adjuvant and treated with 

dexamethasone (O.Smg/kg/ day). Control: RNA from rats injected with 

saline. 
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the spectficity of the IL-6 receptor probe was tested by hybridizing it to poly 

(A+), poly (A.:) and total RNA from rat liver and testis (Figure 17). Poly (A-)· 

RNA is the RNA that does not bin~ to oligo (dT) columns during poly (A+) 

RNA isolation and therefore consists mainly of ribos~mal and transfer 

RNAs. H the IL-6 receptor probe crosshybridizes to 28S RNA, a band in the 

poly (A-) RNA from both liver and testis would be expected to appear 

following hybridization (since all cell types contain 28S rRNA). Hybridization 

to the IL-6 receptor probe showed that the 5.2-5.4kb band appeared only in 

poly (A+) RNA from liv~r and not in poly (A-) RNA from liver or testis nor 

in testis poly (A+) RNA, suggesting that the band that hybridizes-with the 

probe does correspond to IL-6 receptor mRNA. 

In four separate experiments, liver IL-6 receptor mRNA levels were 

measured three days after rats received FCA or FCA plus dexamethasone 

treatment (Figure 16). FCA treatment·did not significantly change the 1evels 

of IL-6 receptor mRNA in liver, nor did concurrent treatment with 

dexamethasone (Figure 16A). In some experiments, levels·of IL-6 receptor 

mRNA in FCA-tre~ted rats were somewhat lower than those in controls. In . 

these four experiments, T-kininogen mRN A levels in dexamethasone-treated 

rats were 44 ± 5% (TI) and 35 ± 8% (TII) lower than in rats treated with FCA 

alone. When the IL-6 receptor cDNA probe was hybridized to the Northern 

blots used for the time course experiment, no change in IL-6 receptor mRNA 

levels relative to controls was seen at 12, 24 or 48 hours after ~dm1nistration 

of FCA. Also, at no time point at which measurements were made following 

FCA injection did dexamethasone appear to influence IL~6 receptor mRNA 

levels in the Ii ver. 
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Figure 17. The 5.4 kb band identified by the IL-6 receptor cDNA probe is not 

due to cross-hybridization to 28S rRNA. Rat total, poly (A-) and poly (A+) 

liver and testis RNA were Northern blotted onto a nylon membrane 

followed by hybridization to a ratIL-6 receptor probe. Lanes 1, 5 and 9: liver 

RNA from an adjuvant treated rat. Lanes 2, 6, and 10: liver RNA from saline 

injected.control rat. Lanes 3, 7, .and 11: liver RNA from untreated control 

rat. Lanes 4, 8, and 12: testis RNA from untreated control rat. RNA in lanes 

5 and 7 was partially degraded. 
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To test whether dexarnethasone treatment had a significant effect on 

~he expression of the IL-6 gene _in vivo, IL-6 mRNA levels in adherent 

peritoneal macrophage-type cells were measured three days after 

inflammation was induced ·with FCA. The major (1.2 kb) and minor (2.4 kb) 

rat IL-6 mRNAs described by Northemann et al. (1989) were detected in 

autoradiographs of Northern blotted RNA from peritoneal exudate cells (PEC; 

Figure 18B). Only levels of the major 12 kb IL-6 mRNA species wer~ 

measured. Peritoneal exudate cells from control animals showed very low 

levels of IL-6 mRNA. Two separate experiments in which PEC were pooled 

from 3 rats in each group showed that Ii-6 mRNA levels in adherent 

peritoneal cells from FCA treated animals were 169-fold higher than those in 

PEC from control rats (Figure 18A). Furthermore, IL-6 mRNA levels in PEC 

from FCA-injected rats that received dexamethasone treatment were 87.6% 

lower than those in PEC from rats treated with FCA alone. IL-6 mRNA levels 

in rats that received only dexamethasone, without FCA injection, were the 

same as in control -animals. The expected effect of dexamethasone on 

T-kininogen gene expression was also observed in· these experiments (TI: 

42%; TII: 39%). Consequently, the effect of dexamethasone on T-kfoinogen 

mRN A levels in liver is accompanied by a similar effect on IL-6 m~ A 

levels in peritoneal macrophages. 
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Figure 18. Changes in interleukin-6 mRNA levels in adherent peritoneal 

exudate cells from rats treated with Freund's complete adjuvant and 

dexamethasone. (A) Relative changes in IL-6 mRNA levels three days after 

injection of adjuvant. Values from one experiment are expressed- as the 

density value obtained_from scanning the 1.2kb IL-6 mRNA band divided by 

the value obtained from the fs-actin band(IL-6/ B-actin). (B) Autoradiographs 

used to generate the data shown in (A). A: Adjuvant alone. A + D: 

Adjuvant + Dexamethasone. D: Dexamethasone alone. C: Saline control. 

The position of the minor 2.4kb species is indicated. 
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IV. DISCUSSION 

0 

, The effect of inflammation on hepatic acute phase proteins is to induce 

·their synthesis several to thousands fold (reviewed by Schreiber, 1983). 

T-kininogens are a.cute phase proteins that increase 10-100-fold with 

inflammation. Results from the current studies have shown that ·steroidal 
. ' 

anti-inflammatory drug treatment is able to modulate the extent to which 

T-kininogen_ production is induced by,an infla.mmatory stimulus. The 

mechanisms responsible for the regulation of T-kininogen gene expression in 

this system may therefore include those responsible for the induc_tion 

following an inflammatory stimulus· as well as those that come into: play with 

drug treatment. · 

A. T-kininogen regulation during acute inflammation. 

1. Changes in T-kininogen production. 

In the study of the hepatic acute phase response, several methods have 

been used to induce an acute inflammation in the rat. These include 

subcutaneous injection of turpentine. (Schreiber and Howlett, 1983), ·. 

intraperitoneal injection of lipopolysaccharide (LPS; Bouhnik ·et al., 1988; 

Kageyama et ·al.,1985), and subcutaneous injection of Freund's comp.lete 
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adjuvant. An increase in T-kininogen plasma levels has been reported when 

rats are treated with turpentine (Bouhnik et al., 1988; .Chao et al., 1989; Esnard 

and Gauthier, 1983; Schreiber and Howlett, 1983), LPS (Bouhnik et al., 1988), 

68 . 

or Freund's complete adjuvant (Barlas et al., 1985; Howard et al., 1990) as well. 

as following sham operation (Bouhnik et al., 1988) or experimental burns 

(Dickson et al., 1987). Table VI shows changes in T-kininogen plasma levels 

and liver T-kininogen mRNA levels that have been observed during an 

inflammatory response· in the rat. Although it may be difficult to compare . 

one study to another due to differences in the-methods used to induce 

inflammation, the rat strains used _(Billingh~m, 1983; Walz et al., 1971) and 

the time frame within which the effects were studied, our results with FCA

indu~ed inflammation in the Sprague-~awley rat are comparable to those 

reported by others. 

The time course development of the increase in T-kininogen. plasma 

levels following FCA injection had been studied in t~e long term adjuvant 

arthritis model by Barlas et al.· (1985). They reported that T-kininogen plasma 

levels were induced to maximal levels (20-fold) 7 days after injection of FCA 

~Barlas et al., 1985). High levels of T-kininogen in plasma were still observed 

several weeks following FCA-administration. · The focus here was ·to: study 

the development of T-kin~nogen induction during the three initial days 

following injection of FCA. Results indicate that T.:.kininogen plasma levels 

reach maximal lev~ls 48 hours after FCA injection. The 11-fold increase is 

reduced slightly 24 hour~ later .. These results suggest that the induction of 

T-kininogen after FCA injection is biphasic: the maximal)ev_e~s observed 

after 48 hours result from the onset of primary acute inflammation while the 

high levels observed by Barlas et al. (1985) may be due to the appearance of 
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Table VI. Comparison of the effects of inflammation induced with 
different agents on T-kininogen plasma and mRNA levels. 

Fold 
Time Increase Rat Strain Reference 

PLASMA 

Turpentine 48hr 8 Wistar (1) 

48hr 14 S.D. (2) 

48hr · 12 .. Wistar (3) 
. . 

LPS 48hr 6 Wistar (3) 

Adjuvant 48hr 10 S.D. (4) 

7days 20 s .. b." (5) 

mRNA 

Burns 24hr 20 W.Buffalo (6) 

Turpentine 36hr 17 Wistar (7) 

LPS 24hr 10 (TI) Wistar (8) 
13 (TII) 

Adjuvant 48hr . 19 (TI) S.D. (4) 
50 (TII) 

S.D. = Sprague Dawley LPS = lipop91isaccharide 
References: 
(1) Esnard and Gauthier, 1983 (5) Barlas et al., 1985 
(2) Chao et al., 1989 · (6) Dickson et al., 1987 
(3) Bouhnik et al., 1988 (7) Cole et aL, 1985 
(4) Results presented here (8) Kageyama et al., 1985 



the secondary inflammation typical of the adjuvant-arthritis model 

(Billingham, 1983). Synthesis of other acute phase proteins during adjuvant 

arthritis has been shown to follow such kinetics (Billingham, 1983). 

It had been observed that T-kininogen mRNA levels in the liver 

during lipopolysaccharide-induced inflammation reached· maximal levels 24 

hours after injection while those following turpentine treatment took 36 

hours to reach maximum (Cole et al.,. 1985; Kageyama _et al., 1985). In this 

respect, the accumulation of T-kininogen m~A in. the· FCA'"'.treat~d rat is 

similar to that seen with turpentine injection since maximal mRNA levels 

were observed 48 hours after FCA injection. The more rapid re-sponse to LPS 
\ J 

may be due to its ability to directly stimulate monocyte/macrophages to 

produce inflammatory medi~tors. 

Kageyama et al. (1985) used S1 _nuclease prot~ction assays to, study the 

effects of inflammation on TI and TII-kininogen mRNA levels. They 

observed a 9- and 12-fold increase in TI- and Til-kininogen mRNA levels, 

respectively, 2448 hours after the injection of LPS. In the present study, 16-

and 24-fold increases in TI and TII-kininogen mRNA levels,·respectively, 

were observed three days after FCA injection in 12 different experiments 

(Figure 19). Although th~ magnitude of the increase varies, these results are 

consistent with 'Kageyama's results in that expression of the TII-kininogen 

gene seems to be induced by inflammation to a greater extent than that of the 

TI-kininogen gene. 

Although an increase in mRNA levels in the liver during acute 

inflammation could result in the upregulation of T-kininogen production, 

changes in the rate of synthesis of this protein might also be influential. 

However, regulation ·at the translational level does not seem to be an 

important factor since earlier studies showed that the increases in liver 
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Figure 19. Changes in paw thic]q,.ess, T-kininogen plasma levels and TI and 

TII-kininogen mRNA levels following dexamethasone treatment in the FCA

treated rat. The graph shows the average of data obtained from all 

experiments in which the dexamethas.one effect was studied three.days after 

adjuvant injection. Some of these were done in conjunction with other 

studies. Values are expressed as multiples of control values ± S.E.M. Control 

levels are shown by a dashed line. *n = 12 experiments; tn = 11 experiments .. 
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mRNA levels of acute p_hase proteins, ~_ncluding T-kininogen, are 
' 

accompanied by similar changes in the amount of 14C-leucine that is 

incorporated into protein (Cole ef al., 1985; Schreiber, 1987). The increased 

production of T-kininogen during. i_nflammation may then· depend on 

regulation at the transcriptional level and/or on changes in message stability, 

transport and/ or processing. 

That regulation of T-kininogen gene expression following acute 

inflammation occurs mainly at the level of transcription is supported by 

evidence showing that the transcription rate of the T-kininogen geI}eS and 

T-kininogen mRNA accumuiation are increased to a similar extent .following 

turpentine-induced inflammation in the rat (Birch and Schreiber, 1986).

Here, changes in the rates of transcription of the T-kininogen genes in the 

FCA-treated rat were studied. Three d~ys after FCA injection, when 

T-kininogen mRNA levels were 20-fold above control levels, only a 6.:.fold 

increase in the rates of transcription of the T-kininogen genes was observed.· 

Even though the rate of transcription of the T-kininogen genes may have 

-been higher at an earlier time point (Birch and Schreiber, 1986), it is also· 

possible that other mechanisms which involve aspects-of mRNA metabolism 

such as processing, transport and/ or stability may contribute to the dramatic 

accumulation of T-kininog~n mRNAs during FCA-irtduced inflammation. 

2. IL-6 as mediator of T-kininogen production during inflammation 

Since the synthesis of most acute phase_ proteins is induced by IL-6 and 

an increase in serum levels of IL-6 is seen prior to increasing acute phase 

protein levels during inflammatio1:1 (Njsten et al., 1987), this cytokine is now 

thought to be the major mediator of the hepatic acute phase response. 

Furthermore, IL-6 receptor gene expression_ in the liver is induced in the 
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presence of IL~6 (Bauer et al., 1989). This suggests that regulation of IL-6 

receptor production could be hnportant_ in the process by which the liver 

becomes the major target of IL-6 during inflammation. A number of acute 

phase protein genes have been shown to be upregulated by IL-6. Therefore, 

changes in hepatocyte IL-6 receptor levels could be i~portant in determining 

the levels to which the expression of acute phase protein genes is induced. 

Baumann, et al. (1990) reported that IL-6 receptor mRNA levels in rat liver 

were increased 4-fold 12 hours after intraperitoneal injection of Freund's 

complete adjuvant. However, results- presented here show that IL-6 receptor 
. . 

mRNA levels do not change significantly when inflammation is induced by 

injection of FCA into the footpad. The discrepancy in the results of these two 

studies could be due to the different routes of application of FCA and/ or to 

the different rat strain's used. Baumann et al. (1990) observed decreasing IL-6 

receptor mRNA levels 18 hours after FCA injection. It is therefore possible 

that short-lived changes in mRNA levels were not observed in the present 

study due to the time intervals that were used. Whether the IL-6 receptor 

gene is regulated or not at the level of gene expression during inflammation 

is still to be determined. Also, the possibility that acute inflammation may 

alter IL-6 receptor synthesis, activity, and / or translocation' cannot be 

excluded. Studies on IL-6 receptor regulation may prove to be helpf~l in 

_determining the role of this protein during the hepatic acute phase response. 

IL-6 is produced by a number of cell types which include fibroblasts, 

endothelial cells arid monocyte / macrophages (reviewed by Le and Vilcek, 

1989). Several hepa toma cell' lines have also been shown to express the IL-6 

gene (Fey et al., 1989; Northemann et al:, 1990). However, IL-6 mRNA has not 

been found in livers from normal rats or from rats undergoing acute 

inflammation (Gauldie et al., 1990), sugges~ng that the liver is not an 
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important source of IL-6 in vivo. The induction of IL-6 gene expression has 

been mainlf ,studied in vitro where a number of factors (TNF, LPS, IL-1, 

c-AMP, TPA, viral infection) induce transcription of the IL-6 gene in 

fibroblasts and macrophage/monocyte-type cells (reviewed by Heinrich et al., 

1990 ). TNF, IL-1 and LPS have also been shown to cause a rapid increase in 

circulating IL-6 in vivo. However, the cellular source of this circulating IL-6 

is not known (Le and Vilcek, 1989). The studies presented here show that 

levels of IL-6 mRNA in adherent monocyte/macrophage-type cells obtained 

from peritoneal exudates of rats with FCA-induced. inflammation are 170-fold 

higher than in cells obtained from peritoneal exudates from control rats. 

These results show that IL-6 gene expression is induced in peritoneal 

monocyte/macrophage cells in vivo and suggest ~hat these cells may be an 

important physiological source of IL-6. 

The increase in IL-6 mRN A levels in cytokine producing cells is 

accompanied by an increase in T-kininogen gene expression in the liver. The 

._ability of IL-6 to induce T-kininogen gene expression in vivo and in. vitro, 

has previously been shown (Andus et al., 1988; Marinkovic et al., 1989). 

Furthermore, transient transfection studies have shown that a region from 

the promoter of the T-kininogen gene is able to confer IL-6 inducibility to a 

reporter gene (Anderson and Lingrel, 1990). Sequence analysis of this region 

shows the presence of a sequence highly homologous to the IL-6 regulat9ry 

element consensus sequence found in other acute phase protein genes 

(Oliviero and Cortese, 1989; Poli and Cortese, 1989). This consensus sequence 

has been shown to interact, with IL-6 inducible tissue specific factors (Oliviero 

and Cortese, 1989). The inducibility of T-kininogen gene expression by IL-6 

then seems to be a direct effect of the cytokine on the transcriptional activity 
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of the T-kinin~gen gene. It is therefore possible that induction of IL-6 gene 

expression in cytokine producing cells during experimental inflammation is 

responsible for the increases· in T-kininogen mRN A levels in the liver. 

3. Ag~ and Sex influence T-kininogen gene expression 

An influence of age on T-kininogen levels in the rat has been reported 

by Sierra et al. (1989). They isolated cDNA libraries from 24 month old male 

Sprague Dawley rats, found that most of their clones corresponded to 

T-kininogen, and concluded that T-kininogen may be one of the mRNAs 

most commonly found in aging rats. Results here show that older male and 

female control rats have about 4-fold higher plasma T-kininogen levels than 

younger 2 month old rats. Other reports show developmental changes in T

kininogen levels. Some of these changes correspond to the sexual 

maturation of the· animal. In this respect, Oh-ishi et al. (1988) and Bouhnik et 

al. (1988), reported that plasma levels of T-kininogen are 2.:.3-fold higher in 

mature (13 week) female Wistar rats than in males. Normal, young female 

(200-224g) Sprague Dawley rats have also been shown to have 8 times higher 

plasma T-kininogen levels than males of the same weight (Cho· and 

Greenbaum, 1988). However, differences in plasma T-kininogen levels 

between 17 month old male and 19 month old female control rats were not 

observed here. This might be due to the possible altered hormonal status in 

the old females since estrogen treatment of both male and female rats causes 

an increase in T-kininogen levels, whether the rats have been 

ovariectomized or castrated (Bouhnik et al., 1989) or not (Oh-ishi et al., 1988). 

Also, plasma T-kininogen levels in Sprague-Dawley male rats tend to 

increase with age, becoming more similar to those in females of the same age 
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group (Dr. C. Lapp, personal communication). Hormonal differences may . 

also account for the difference in the magnitude of the response to_ 

dexamethasone treatment in older male rats as compared to young male and 

old female rats. In any event, further stud_ies are required to determine the 

effects of sex, age and hormonal differences on .the basal and acute phase 

expression of T-kininogen genes and their response to anti-inflammatory 

drug treatment. 

B. T-kininogen regulation following anti-inflammatory drug treatment. 

Plasma T-kininogen levels had been shown to be lower in FCA-treated 

rats that are also treated with dexamethasone or_ indomethacin (Barlas et al., 

1985). Results presented here show that treatment with dexamethasone, but 
·' 

not indomethacin, results in suppressed T-kininogen production as 

evidenced by changes in T-kininogen plasma levels and in TI- and 

TII-kininogen mRNA levels. 

1. lndomethacin 
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The anti-inflammatory propertie·s of indomethacin reflect its ability to 

inhibit cyclooxygenase, the rate-limiting enzyme in the synthesis of 

prostaglandins, some of which may be important inflammation mediators. 

Indomethacin has been shown to inhibit the development of the primary 

lesion in the adjuvant-arthritis model (Sofia et al., 1975). Furthermore, Barlas _ 

et al. (1985) observed that paw swelling and T-kininogen plasma levels were 

33 and 35% lower, respectively, in FCA-injected rats treated with 

- indomethacin .than those in rats that were not treated. Results from the 



present study show that indomethacin treatment caused only a 20% 

inhibition in paw swelling and no change in T-kininogen plasma or mRNA 

levels. 

Differences in- the results with indomethacin may be due to the 

different techniques used to determine T-kininogen plasma levels 

(radioimmunoassay vs. T-kinin released from total kininogen by 

trypsinization; Barlas et al., 1985). Also, in the experiments presented here, 

2mg/kg indomethacin were given intragastrically while Barlas et al. 

administered lmg/kg subcutaneously. Since subcutaneous injection of 

indomethacin resulted in irritation at the site of injection, and the details of 

the protocols for such procedure followed by Barlas et al. (1985) were 

unavailable, a different route of administration was opted for. Furthermore, 

review of the literature showed that most studies on the effect of 

indomethacin on inflammation had been performed using the intragastric or 

oral route of administration of the drug. Indomethacin delivered in this way 

had been shown to be effective in reducing the development of inflammation 

as meas~red by paw edema (Sofia et al., 1975), as well as other biochemical 

parameters including serum lysozyme activity (Walz et al., 1971), local 

hyperthermia (Shirota et al., 1988) and changes in acute phase protein levels 

(Billingham, 1983). Treatment with indomethacin in most of these studies 

consisted in daily administration of a_ 2mg/kg dose. Therefore, the present 

studies which used methods of indomethacin administration that had 

previously been shown to affect several aspects of the inflammatory response, 

showed that treatment with the non-:-steroidal anti-inflammatory drug did . 
-

not result in changes in T-kinin~gen production during FCA-induced 

inflammation. 
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2. Dexamethasone 

Barlas et al. (1985) observed that T-kininogen in plasma of FCA plus 

dexamethasone-treated rats was 58% of that found in rats treated with FCA 

alone. The effect of dexa:methasone on T-kininogen production is confirmed 

by the results obtained from the present studies. In 12 different experiments, 

2 month old male rats injected with Freund's complete adjuvant and treated 

daily with dexamethasone had 44 ± 2.5% lower T-kininogen plasma levels 

than those in rats that did not receive dexamethasone. Furthermore, it has 

been shown here that this effect on T-kininogen pla~ma levels is 

accompanied by a similar effect on paw swelling (36 ± 2.4 %; n=9) and on TI· 

and TII-kininogen mRNA levels (43 ± 3.2 % and 38 ± 4.3 %, respectively; 

n=12; Figure 19). These results suggest that the changes in T-kininogen 

plasma levels in FCA-injected rats following treatment with dexamethasone 
{ 

are probably due to a concomitant change in T-kininogen mRNA levels in 

the liver. 

An effect on T-kininogen plasma levels following the administration 

of dexamethasone had been observed by Bouhnik et al. (1988). Their results 

showed that rats that received peanut oil injection had 2.6-fold higher levels 

of T-:1<ininogen than untreated animals. However, rats that received 

dexamethasone concurrently with peanut oil injection had significantly 

lower T-kininogen plasma levels than those that did not receive treatment 

with the steroid. Here, injection of Freund's incomplete. adjuvant as well as 

concurrent dexamethasone treatment had a similar effect on T-kininogen 

production. 

78 



The induction of T-kininogen synthesis which ensues an 

inflammatory stimulus "is known to involve increases in gene transcription 

(Birch and Schreiber, 1986). A change in the transcription rates of the 

T-kininogen genes as a result of dexamethasone treatment would suggest that 

. direct interactions of tran?-acting factors with the regulatory regions of the 

genes are responsible for the downregulation of T-kininogen gene expression. 

However, results here show that three days after FCA injection the rate of 

transcription of the T-kininogen genes in liver nuclei from dexamethasone 

treated"rats is not different from that found in rats that do not receive steroid 

treatment. Birch and Schreiber (1986) showed that transcriptional activity of 

the T-kininogen genes is induced to maximal levels (10-fold) 24 hours after 

turpentine injection and decreases steadily thereafter. It is possible that the 

same happe~s following FCA injection so that the studies here were 

performed at a time when transcriptional activity was already decreasing (72 

hr). The difference_between FCA and FCA plus dexamethasone treatments 

could have been more noticeable at a time when transcriptional activity was 

higher. It is also possible that the run-on transcription assays are not 

sensitive enough to detect small but significant changes in transcription rates. 

On the other hand changes in message stability could also be responsible for . 

the effect on T-kininogen mRNA levels following dexamethasone treatment. 

However, it is necessary to study more closely the development of the 

dexamethasone effect with regard to transcriptional activity of the 

T-kininogen genes during inflammation before it can be concluded that 

regulation at the transcriptional level is not involved. 

Studies on the T-kininogen gene upstream regulatory sequences and 

on T-kininogen gene expression in cell culture suggest that glucocorticoids 

might directly influence T-kininogen gene ~anscription. The promoter of 
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the T-kininogen gene contains several positive glucocoi-ticoid regulatory 

sequence elements (GREs; Anderson et al., 1'989) and transient transfection 

assays have shown that a region of the T-ki1'-inogen gene that contains one of 

these elements is able to stimulate the expression of a reporter gene in the 

presei:tce of dexamethasone (Anderson and Lingrel, 1989). Also, T-kininogen 

synthesis is induced in rat FAO hepatoma cells following exposure to 

dexamethasone (Baussant et al., 1988; Dr. Carol Lapp, personal 

communication; Figure 15). However, these results are in contrast to those 

seen in vivo, wher~ dexamethasone, administered at concentrations that 

match or exceed those required to stimulate the expression of other hepatic_ 

genes, has no effect on T-kininogen in plasma or on mRNA levels in the 

liver of normal rats (Barlas et al., 1985; Okamoto et al., 1987b; Howard et al., 
\ 

1990). These contrasting results may be due to differences in the accessibility 

of T-kininogen gene promoters to steroid-receptor complexes in the two 

systems. The effects of dexamethasone in cell culture may also depend on the 

cell line that is used (Nakabayashi et al., 1989). In this respect, the FAO 

hepatoma cell line could be special in its response to dexamethasone since 

micromolar conce~trations of dexamethasone have no (or very small) effect 

on T-kininogen production by H-35 rat hepatoina cells (Baumann et ·al., 

1987a) or by adult primary hepatocytes (Baumann et al., 1989; Gross et al., 

1984). In any event, it is also possible that direct interaction of the activated 

glucocorticoid receptor with _the T-kininogert regulatory sequences is not 

responsible for the regulation of T-kininogen expression by the steroid in 

vivo. 

Recently, it has been suggested that glucocorticoids can downregulate 

gene expression _in the a,bsence of direct glucocorticoid receptor-DNA 

interaction. _Induction of the collagenase g~ne by inflammatory mediators 
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results from the activation of trans-acting regulatory proteins c-Jun and c-Fos 

which bind an AP-1 site in the gene promoter. Yang -Yen et al. (1990) have 

shown that the dexamethasone-activated glucocorticoid receptor binds to 

these leucine zipper proteins and prevents them from binding the AP-1 site 

on the collagenase gene promoter. Dexamethasone could downregulate 

T-kininogen gene expression at the level of transcription in this way since the 

T-kininogen gene promoter also contains an AP-1 consensus sequence 

(Anderson et al., 1989). However, the functionality of the AP-1 consensus 

sequence on the T-kininogen gene as a cis-acting regulatory factor has not 

been established and, at least in cell culture, the induction of T-kininogen by 
~ 

inflammation mediators is not inhibited, but enhanced, by the presence of 

dexamethasone (Baumann et al., 1989). 

If the downregulation of T-kininogen gene expression by 

dexamethasone during acute inflammation is not due to a direct interaction 

with the T-kininogen gene promoter, then the effect might be indirect and 

may depend on the presence of. inflarnniatory mediators. in this respect, the 

influence of IL-6 on the liver may be important since this cytokine has been 

shown to be the major mediator of the hepatic acute phase response. The 
. { 

response of hepatocytes to the presence ·of both Ii..-6 and glucoco~ticoids has 

been studied -in rat hepatoma cells (Baumann et al., 1989) and in rat primary 

hepatocytes (Andus et al., 1988; Chen et al., 1991). In both systems, 

dexamethasone is synergistic with IL-6 causing an even greater induction in 

the expression of the T..:kininogen genes. These results, coupled with the 

known increase in glucocorticoid levels during inflammation,_ suggest that 

one of the multiple actions of these hormones is to potentiate the induction 

of acute phase proteins by IL-6 and other mediators. Endogenous 

glucocorticoids, however, are not necessary for the induction of T-kininogen 
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production in vivo, as evidenced by results in adrenalectomized rats 

(Okamoto et al., 1987b). These observations and results which show a 

downregulation of T-kininogen gene expression in the presence of 

inflammation and concurrent dexamethasone. treatment, suggest that the 

effect of this· steroid dt1:ring acute inflammation in vivo is indirect.· 

Because of the important role of IL-6 in stimulating the hepatic acute 

phase response, glucocorticoids could affect T-kininogen · gene expression 
. -

indirectly by altering the synthesis of this cytokine and/or of its receptor. 

Regulation of IL-6 receptor synthesis by glucocorticoids has been previously 

reported. Dexamethasone can increase the _number of IL-6 receptors as well as 

the IL-6 receptor mRNA levels in an epithelial cell line and in two human 

hepatoma cell lines (Snyers et al., 1990). A dose and time dependent 

induction of IL-6 receptor mRN A levels by dexamethasone has also· been 

observed in human HepG2 cells (Bauer et al.-, 1989). These results could 

explain the synergistic effects that are seen between IL-6 and glucocorticoids in 
-

vitro with regard to induction of acute phase proteins. However, regulation 

of the expression of the IL-6 receptor gene in vivo following inflamination 

and concurrent dexamethasone treatment was not observed in the present 

studies. Also, if regulation of the IL-6 receptor were a mechanism by which 

dexamethasone influences T-kininogen gene expression, a reduction in the 

expression of IL-6 receptor would have been expected, and such an effect 

would be in contrast to the results seen in vitro. Since IL-6 receptor levels · 

and activity were not measured here, the possibility that dexamethasone 

causes changes in the actual activity, synthesis and/ or translo~ation of the 

receptor cannot be ruled out. However, the data presented does not support a 
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role for changes in IL-6 receptor mRNA levels as a mechanism by which 

dexamethasone i~fluences, T-kininogen_ gene expression in the FCA treated 

rat. 

On the other hand,· the effect of dexamethasone on IL-6 gene expression 

in rat peritoneal exudate cells may be of significance. It has previously been 

shown that the stimulation of IL-6 gene expression by IL-1 and TNF in 

human monocytes is inhibited in the presence of glucocorticoids. This 

inhibition is dependent on the presence of a functional glucocorticoid 

receptor (Ray et al.,1990) and the mechanism by which it occ4rs may be one of 

several: 1) The 5' regulatory region of the IL-6 gene contains two consensus 

AP-1 sequences. The _interaction of the glucocorticoid receptor with the c-Jun 

and c-Fos regulatory proteins could thus block the induction by- these proteins 

(Yang-Yen et al., 1990). 2) _ Glucocorticoids have recently been shown to 

increase turnover of interferon mRNA (Peppel et. al., 1991). This effect is 

dependent on AU-rich sequences in the 3' untranslated region of the gene 

and such sequences are also found in the rat IL-6 gene (Northemann et al., 

1989). 3) Ray et al. (1990) have shown that the ligand-activated glucocorticoid 

receptor binds to negative GREs (glucocorticoid regulatory elements) which 

overlap binding sites (or both enhancer and basal transcription regulatory 

factors on the IL-6 promoter. They suggest that the occlusion of these binding 

_sequences by activated glucocorticoid receptor accounts for the efficiency of 

downregulation of IL-6 by glucocorticoids. 

Most of what is known about the inhibition of cytokine production by 

glucocorticoids is a result of in vitro studies. Results from such studies have 

suggested that one of the mechanisms ·of anti-inflammatory action of 

glucocorticoids involves the inhibitory effect that they have on cyto~ine .. 

producing cells. Studies on the effect of dexamethasone treatment on IL-1 
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production by splenocytes from rats with adjuvant-arthritis have shown that 

the ability of these cells to produce IL-1 in response to LPS is decreased 

following treatment with the steroid (Connolly et al., 1988). Results.of studies 

presented here, where the only inducer of IL-6 expression was the actual 

inflammatory ·response caused by FCA injection, showed that IL-6 gene 

expression is dramatically inhibited upon treatment with dexamethasone. 

Therefore, glucocorticoid treatment is effective in downregulating the 

expression of the IL-6 gene not only in vitro, but also in vivo. 

The effect of dexamethasone on T-kininogen gene expression during 
) 

FCA-induced inflammation could then be secondary to the inhibition of IL-6 

gene·expression by the glucocorticoid in monocyte/macrophage cells (Figure 

20). Downregulation of the IL-6 gene could result in lowering the production 

of this cytokine and thus its levels in the circulation. Since IL-6 induces 

T-kininogen gene expression in a dose-dependent fashion (Andus et al., 1988) 

it is reasonable to suggest that decreased expression of IL-6 by macrophages 

could eventually result in lower levels of induction of the· T-kininogen genes. 

However, it still remains to be seen if the effect on IL-6 mRNA levels results 

in similar changes in circulating IL-6, and if this precedes the effect on 

T-kininogen. Studies on the levels of IL-6 secreted by peritoneal exudate cells 

obtained from FCA and FCA plus dexamethasone treated rats at different 

time points after initiation of the treatment, as well as measurements of 

circulating plasma levels of IL-6, may help determine this. 

The molecular mechanism by which reduced IL-6 levels might cause a 

downregulation of T-kininogen gene expressio·n could involv~ a reduction in 

the concentration of trans-acting factors that upregulate the gene by binding to 

its IL-6 regulatory element. This would be expected to affect T-kinin0gen gene 

transcription. However, since no changes i!l the rate of transcription of the 
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Figure 20. Model showing regulation of T-kininogen synthesis during 

inflammation and following treatment with dexame.thasone. 

Abbreviations: 

IL-6 = In terleukin-6 

Dex = Dexamethasone 

T-kgen = T-kininogen 

· CPI = Cysteine proteinase inhibition 
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T-kininogen genes were detected in the presence of·dexamethasone, it is also 

possible that changes in IL-6 levels affect other aspects of mRNA metabolism 

such as processing, transport or stability. Such an effect of IL-6 has been 

observed in the human lymphoblastoid cell line CESS, where IL-6 

differentially stabilizes secretory and membrane-associated immunoglobulin 

light chain_mRNAs (Raynal et al., 1989). It is therefore conceivable that IL-6 

could influence T-kininogen mRNA stability in the liver. Studies on the 

effects of IL-6 on T-kininogen mRNA turnover as well as on the 

development of changes in the rates of transcription of the genes may help 

determine the role of eac_h in the regulation of T-kininogen gene expression 

in vivo. 
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SUMMARYAND CONCLUSIONS 

The onset of acute inflammation results in the upregulation of 

T-kininogen gene expression as evidenced by an increase in T-kininogen 

plasma levels as well as in the hepatic content ~f TI- and TII-kininogen 

mRNAs. Results from previous studies suggested that dexamethasone and 

indomethacin may downregulate T-kininogen gene expression in the rat 

during Freund's complete adjuvant-induced _inflammation. The purpose ~f 

this study was to investigate the effect of.these anti-inflammatory drugs on 

T-kininogen gene expression at the mRNA and transcriptional levels. The 

conclusions obtained from these studies are as follows: 

1. Dexamethasone, but not indomethacin, affects the mag1:1itude by which 

T-kininogen gene expression is induced during inflammation. Treatment 

with dexamethasone during Freund's complete adjuvant-induced 

inflammation resulted in decreasing paw swelling, and at the same time 

lowering T-kininogen plasma levels and the amount of TI- and 

TII-kininoge~ mRNAs in the liver. 

2. The dexamethasone effect was observed in old male and female rats, but 

differences in the magnitude of response suggest that sex and age may 

influence the levels of T-kininogen gene expression in the rat. 
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3. The dexamethasone effect. became apparent 48 hours after initiation of 

treatment, and dexametha~sone treatment alone did not alter any of the 

par~eters studied suggesting that this effect is dependent on the·. 

development of the inflammatory response. 

4. Run-on transcription assays showed that the increased rate of T-kininogen 
·, 

mRNA synthesis ,in liver nuclei observed three days after Freund's 

complete adjuvant injection was not significantly affected by 

dexamethasone treatment suggesting that the suppression of T-kininogen 

mRNA levels following dexamethasone treatment does not result from 

changes in T-kininogen gene transcription. 

5. FAO hepatoma cells respond to the presence of dexamethasone by 

increasing the production of T-kininogen suggesting that the effect of 

dexamethasone in vitro is different to that seen in vivo, and that, in the 

latter case, dexamethasone may be affecting T-kininogen gene expression 

indirect! y. 

Since interleukin-6 (IL-6) is a major mediator of the hepatic acute phase 

response and it upregulates T-kininogen gene expression in vivo, 

dexamethasone could indirectly ':1ffect T-kininog~n gene expression by 

altering the expression of the IL-6 gene in cytokine-producing cells and/or of 

the IL-6 receptor gene in the liver. The effect of FCA and dexamethasone 

treatments on the expression of these genes was therefore studied. The 

conclusions from these studies were as follows: 
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1. IL-6 receptor mRNA levels· in the liver did not change following· FCA 

injection or concurrent dexamethasone treatment_ suggesting that changes 

in the production of this protein are not responsible for changes in the 

regulation .of T-kininogen gene expression~ 

2. IL-6 mRNA levels in adherent peritoneal exudate cells (PEC) were 

markedly increased following injection with Freund's complete adjuvant 

and the high levels were decreased in the presence of dexamethasone 

treatment suggesting that the suppression of IL-6 gene expression :by 

dexamethasone in cytokine-producing cells may contribute to the effect on 

T-kininogen gene expression in the liver during the acute phase response 

in Freund's complete adjuvant-treated rats. 

The present studies give insight into the regulation of T-kininogen 

gene expression in the rat during acute inflammation. Although more 

studies_ are required to determine the role of transcr_iptional regulation in this 

system, results ·presented here show th?tt changes in T-kininogen pl~sma 

levels following dexamethasone treatment are accompanied by similar 

changes in the levels of both TI- and TII-kininogen mRNAs in the liver. 

Furthermore, they introduce the possibility that one of the anti-inflammatory 

activities of glucocorticoids that does not involve inhibition of prostaglandin 

and leukotriene synthesis may be responsible for the downregulation of the 

hepatic acute phase response in the rat. Clearly, there are many other factors 

involved in the physiological response to inflammation and the role of these 

factors and their interaction with one another will have to be established 

before a definite cause and effect relationship can be defined in the regulation 

of T-kininogen gene expression during acute inflammation. 
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