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ABSTRACT 

Cyclosporin A (CsA) was incubated at concentrations of 5.0 X 

10~6 M for 72 hours, and at concentrations of 1.0 and 0.5 X 

10~6 M for 30 days with kangaroo rat proximal tubular 

epithelial cells (PtK2) in order to evaluate its effects on 

the cytoskeleton. Alterations in the cytoskeleton were 

assessed by indirect immunofluorescence of viable cells, and 

by two dimensional electrophoresis of a high salt extract 

from the cells. There is a selective alteration of the 

cytokeratin intermediate filament organization in both the 

short term (5 X 10~6 M, 72 hr) and long term (1 and 0.5 X 

10~6 M, 30 days) exposures. There are either peri-nuclear 

rings formed or the formation of a single aggregate clump of 

the cytokeratins within the cytoplasm. Other components of 

the cytoskeleton, the microtubules and the microfilaments 

remain unaffected at both short term and long term 

exposures. Along with this cytokeratin alteration in CsA 

exposed cells is the decrease or elimination of an acidic 

triplet of cytokeratin protein monomers, human equivalent 

K15 (50 kd), K16 (48 kd), K17 (46 kd). This may be related 

to CsA-associated nephrotoxicity. 
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INTRODUCTION 

A dramatic improvement in the survival rate of solid 

organ and bone marrow transplantation occurred in 1976 with 

the introduction of cyclosporin A (CsA) into the medical 

community. Over the next decade it became the treatment of 

choice for transplantation surgery due to the unique and 

potent immunosuppressant actions of this novel drug. CsA 

has been shown to suppress the actions of T-lymphocyte 

immune responses (Colombani, 1987), primarily by blocking 

the expression of interleukin-2 from T-helper lymphocytes 

(Hess, 1986) which activates the cytotoxic lymphocytes, and 

by a mechanism acting on T-lymphocyte plasma membranes that 

has not yet been fully described (Colombani, 1985). 

Unfortunately, there are toxicities produced by both acute 

and chronic CsA therapy that limits the realization of the 

full potential use of this drug. 

CsA Toxicity 

There are four major categories of toxic side effects 

to CsA treatment. These include an acute or sub-acute renal 

failure, chronic renal failure, hypertension, and 

electrolyte and acid-base disturbances. Of these CsA-
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associated toxicities, it is the nephrotoxicity that is of 

major concern. 

Since the kidney receives nearly one quarter of the 

cardiac output while it concentrates and transports a 

variety of potentially toxic compounds, it is especially 

vulnerable to injury. The final outcome of renal failure, 

regardless of ischemia or toxin in origin, is injury to the 

renal epithelial cells (Humes, 1987) . Historically, when 

CsA was introduced into the clinical setting it was somewhat 

of a surprise to physicians and researchers that CsA caused 

nephrotoxicity, because animal studies finished prior to 

human experimentation did not indicate nephrotoxic actions 

(Bernard, 1986). The animals used in earlier studies were 

CsA resistent (Borel, 1985). It is CsA-associated 

nephrotoxicity that compromises the use of this novel drug. 

Histological examination of CsA damaged renal tissue 

exhibited vacuolation with inclusion bodies in the S2,S3 

segments (Verani, 1986), megamitochondria, leading to one 

giant mitochondria predominantly found in the convoluted 

proximal tubular cell (Mihatsch, 1985), epithelial tubular 

cell necrosis, and dystrophic calcification (Mihatsch, 

1986). Duncan et al (1986) and Mihatsch et al (1986) found 

the vacuolization due to dilation of the endoplasmic 

reticulum. The S3 segment cells, generally free of lipids, 

contained lipids. The inclusion bodies were enlarged 
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lysosomes, and often contain fragments of mitochondria 

(Pfuller, 1986). Ultrastructural examination of the CsA 

damaged cells indicated a loss of brush border in the S3 

segments (Verpooten, 1986) and structural alternations of 

the mitochondria at the molecular level (Hay, 1986). 

Mechamisms of CsA Toxicity 

The biochemical mechanism behind CsA nephrotoxicity has 

not been described, nor has it been shown conclusively 

whether the parent CsA molecule or a metabolite is 

responsible for its biological effects (Backman, 1988). In 

part the problem is that animal models do not closely 

resemble the renal lesion seen in human transplant patients. 

High dose CsA-associated interstitial fibrosis and tubular 

atrophy seen in human renal biopsies has not been reproduced 

in animals (Nahman, 1988). Nor has chronic low dose CsA 

renal alterations, namely an irreversible pathology 

c o n s i s t i n g  o f  f o c a l  i n t e r s t i t i a l  f i b r o s i s ,  

glomerulosclerosis, proliferative vascular lesions, and 

tubular toxicity that is seen in humans been reproduced in 

animal models (Thiel, 1986). Thiel (1986) postulates that 

the progressive destruction of arteriolar tissue in humans 

is not seen in rats, and that this is somehow related 

directly to the inability of the rat model to closely 

approximate chronic CsA toxicity in humans. Furthermore, 
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Voss (1988) postulates that the CsA induced nephrotoxicity 

is due primarily to decreased production of prostacyclin 

(PGI2), a potent vasodilator and inhibitor of platelet 

aggregation, which overall produces a decrease in renal 

vascular tone resulting in decreased ren^l blood flow and 

decreased glomerular filtration rate. It is this hypoxic 

model of CsA nephrotoxicity that Humes (1985) proposes is 

the cause of acute toxicity by CsA. He alsp postulates that 

this is not the same mechanism that causes chronic CsA renal 

toxicity, and offers the conclusion that the chronic 

toxicity due to CsA is due to a direct action of low doses 

of CsA on the renal parenchyma (Humes, 1985). Humes et al 

(Humes, 1985) points out that the most important factor in 

renal cellular injury is damage to the plasma membranes and 

sub-cellular membranes, and shows thgt CsA does interact 

with the plasma membrane of renal tubular cells even at low 

concentrations. 

The rat model (Thiel, 1986) has allowed researchers to 

examine many of the complex actions of CsA on the physiology 

of renal tissue. Thiel (1986) postulates th^t the primary 

site of action is the preglomerular arteriole, which results 

in hypo-perfusion and activation of the renin-angiotensin-

aldosterone system. Long term treatment with CsA then 

somehow depletes, or exhausts this system. So the 

autoregulatory response of the kidney is reduced and there 
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is a decline in glomerular filtration rate. The overriding 

factor in CsA nephrotoxicity is destruction of arteriolar 

tissues, and not as a result of direct tubular toxicity. 

Researchers have looked at the many varied and quite 

different responses of CsA at the level of biochemical 

interactions. CsA causes alterations in Na+/K+-Atpase, 

increased intracellular Ca, direct binding and inactivation 

of calmodulin, Ca dependent enzymes, alterations in second 

messenger systems, interactions with the plasma membranes, 

and interactions with nuclear materials (Colombani, 1987). 

CsA Biochemistry 

CsA was originally extracted as a yeast-malt feed 

fermentation product of the fungus Tolvpocladium inflatum 

(von Wartburg, 1985). It is a cyclic peptide composed of 

eleven hydrophobic, neutral amino acids (Appendix B). 

Replacement of the sarcosine residue by nor-valine forms the 

CsA derivative cyclosporin G (CsG), which has shown to be 

less nephrotoxic (Becker, 1986). Three free amine 

hydrogens participate in intracyclic binding (appendix B), 

and in seven of the eleven amino acids the amide hydrogen is 

replaced by a methyl group. The hydrophobic amino acids and 

intracyclic binding of three hydrogens make CsA an extremely 

lipophilic molecule. Indeed, it must be administered into 

patients in olive oil. 
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Metabolism and Disposition of CsA 

CsA is metabolized by the hepatic microsomal 

biotransformation enzymes, with the predominant metabolites 

being a monohydroxylation of the C-17 and N-demethylation of 

the C-21 moiety (appendix C) (Lemiare, 1985). Most evidence 

points towards the parent CsA compound as the moiety 

responsible for the majority of the immunosuppression and 

nephrotoxicity (Duncan, 1988). 

Backman (1988) reported that the immediate distribution 

of 3H-CSA in mice was equal between the solid organs and 

whole blood. Within four hours, the kidney begins to 

concentrate CsA, so that by 24 hours exposure, the total 

concentration of CsA in the kidney is 9-23 times greater 

than blood (Belitsky, 1986). The location of CsA binding in 

kidney parenchyma cells is unclear. Using autoradiography 

with 3H-CsA, dansylated-CsA, or antibodies to CsA, a 

localization of CsA binding can not be demonstrated (Ryffel, 

1986) . 

Since much of the morphological evidence of CsA-

induced nephrotoxicity points to a membrane or structural 

toxin, the interaction between these structures in renal 

epithelial cells and CsA needs further examination. 

Surprisingly, no researchers have looked directly at the 

interaction between CsA and the cytoskeleton, although 
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Colombani and Hess (1987), in a summary article of 

biochemical mechanisms on the actions of CsA have suggested 

that either microtubules or microfilaments may interact with 

CsA to cause the nuclear lobulation seen in histological 

evaluation of lymphocytes. 

The Cytoskeleton 

In recent years, the cytoskeleton of eukaryotic cells 

has started to draw attention by toxicologists. A growing 

list of toxicants are known to interact selectively with the 

cytoskeleton (Syverson, 1986). 

The cytoplasm of eukaryotic cells have a complex 

network of filamentous proteins that comprise the 

cytoskeleton. There are three major protein types which 

form the cytoskeleton: microtubules (22-25 nm in diameter), 

the microfilaments (5-7 nm in diameter), and the 

intermediate filaments (7-11 nm in diameter). The earliest 

appreciation of the cytoskeleton was one of little more than 

a rigid, static structure that lent structural support to 

the rest of the cell. In recent decades this belief has 

altered drastically and the modern view of the cytoskeleton 

is one of a network of scaffolding that is in a state of 

dynamic and complex restructuring, and of one that 

participates in numerous cellular events. Therefore, it is 

not surprising that the toxic effects of compounds on these 
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structural proteins in the cell cytoplasm should receive 

attention. 

Microtubules 

MT are a 22-25 nm diameter hollow tube composed of 

dimers of alpha and beta tubulin, and a number of 

microtubule-associated proteins. It is the MT that form the 

well known mitotic spindle during the process of cellular 

mitosis. The MT also serve to maintain the asymmetry of 

cell shape, functions in intracellular transport, and is the 

major component of some specialized cellular structures 

(Syverson, 1986). 

A large number of researchers have investigated 

various toxins on the MT component of the cytoskeleton. 

Sager (1986) cites two general classes of MT toxins as those 

of the substoichiometric poisons that bind tubulin directly, 

or the MT surface lattice, and those that alter the cellular 

mechanisms needed to assemble or disassemble the MT 

filaments. The first broad category includes colchicine, 

colcemid, the vinca alkaloids, and podophyllotoxin (Wilson, 

1986). The latter category include taxol, carbamates, 

benzimidazole, and nocodazole (Byard, 1986). This list is 

far from complete. It must be pointed out that these toxins 

work through a variety of mechanisms, and not all have been 

fully described (Wilson, 1986). 
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Microf ilaments 

Microfilaments (MF) are formed of a single monomeric 

protein, G-actin (42 kd), which can form long polymers of F-

actin. The length of elongation of G-actin is controlled by 

various capping and blocking proteins (Syverson, 1986). 

MF participate in a number of specialized cellular 

events. Actin filaments with opposing polarity function in 

contractile events such as cytokinesis and motility. MF are 

also actively involved in cytoplasmic structure, membrane 

topology regulation, intracellular transport, and are 

thought be connected by a protein, or series of proteins 

directly to membrane receptors (Syverson, 1988). Actin can 

serve numerous of intracellular functions through 

association with various actin-associated proteins. Alpha-

actinin and filamin, for example, bind actin filaments into 

large bundles that constitute the microvilli of the brush 

borders of epithelial cells. In cell culturing, these 

bundles are less tightly packaged and form the stress fibers 

seen in epithelial cells growing over tissue culture 

plastic. Through spectrin and ankyrin in the red blood 

cells there is a direct association of actin to the plasma 

membranes, and in other tissue cells through spectrin-like 

and ankyrin-like molecules supporting a suggestion that 

actin participates in endocytosis and exocytosis (Syverson, 



20 

1986). 

Two well described compounds selectively alter the MF. 

The class of drugs known as cytochalasins prevent the 

assembly of MF arrays (Syverson, 1986). The second compound 

is the fungal metabolite phalloidin, which binds directly to 

F-actin filaments and prevents disassembly (Syverson,1986). 

Cytologists can make use of phalloidin by labelling it with 

rhodamine in order to stain the intact MF directly for 

histological evaluation. 

Intermediate Filaments 

Clearly, the most diverse component of the 

cytoskeleton are the intermediate filaments. These 

filaments are divided into five categories based on tissue 

segregation: the cytokeratins appear in tissues of 

epithelial origin; vimentin appears in tissues from 

mesenchymal sources; desmin appears in the tissues of the 

myogenic origins; neurofilaments appear in neurons; and 

glial fibrillary protein occur in astrocytes (Parry, 1988). 

This expression of these components of the intermediary 

filaments appears to be a separate gene product (Nagle, 

1988). 

Cellular functions of the intermediate filaments 

remain largely unknown. It is assumed that due to their 

relative insolubility, and that intermediate filaments can 
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form 30-60% of the total cystolic protein concentration, 

that structural support is a major function (Lazarides, 

1988). Vimentin, desmin and cytokeratins interact with the 

desmosomal plaques, inferring that they are important in 

tissue cohesion (Kartenbeck, 1988). Neurofilaments act in 

concert with the MT of neurons to form the slow component of 

axonal transport (Gambetti, 1986). 

Three structural properties of intermediate filaments 

reveal that these filaments have a high degree of homology 

(50-70%) (Steinert, 1988). First, all intermediate 

filaments have a central rod domain of 310 amino acids set 

in a repeating pattern of seven amino acids. The first and 

fourth amino acid of this heptad are always a hydrophobic 

residue. This consistent pattern and location of 

hydrophobic amino acids allow the monomeric intermediate 

filament proteins to form alpha helices which bind together 

with a neighboring intermediate filament protein monomer, 

forming a coiled-coil dimer. Second, all intermediate 

filaments have a non-alpha helical, amino-terminal head 

domain, and third, have a non-helical tail or carboxy-

terminal domain. It is these head and tail parts of the 

intermediate filament protein monomers that provide 

structural specificities and specific regions of immunogenic 

sites. 

The individual protein monomers form coiled-coil 
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dimers, and two dimers form a tetramer, and eight tetrameres 

form the super-filament that can be visually seen through 

electron microscope. For vimentin, desmin, and glial 

fibrillary proteins only the single protein monomer is 

necessary to form the dimers, and tetrameres. Cytokeratins 

are more complex in that it takes two acidic protein 

monomers and two neutral-basic monomers in order to form the 

tetrameres (described below). The rod domains of 310 amino 

acids of the intermediate filaments are arranged in 

overlapping half-stagger arrangements to form the 

tetrameres, with the amino head and carboxyl terminal 

domains projecting off to the sides. Thus, it is the 

hydrophobic aspect of the central rod domain that holds the 

dimers, tetrameres, and super-filaments together, rendering 

the intermediate filaments relatively insoluble. 

At this time 19 separate cytokeratin monomers have 

been identified. An additional 6-8 cytokeratin protein 

monomers may exist. Based on separation of these monomers 

by size and isoelectric points the cytokeratins have been 

numbered 1-19 by Moll et al (1982) (appendix D). Epithelia 

express certain cytokeratins according to its tissue origin, 

thus, simple epithelia express K8, K18, and K19. The 

pathologist make use of this cytokeratin filament 

differentiation in the various epithelial tissues to 

identify neoplastic transformation (Moll, 1982, Quinlan, 
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1985). In accordance with what is known about cytokeratin 

intermediate filaments, the simple epithelia will form a 

tetramer of two acidic keratins, K18, and two neutral-basic 

keratins, K8. Studies of tissue segregation of cytokeratin 

arrangements seem to support the concept of keratin-pairing 

of individual monomers. Thus, K1/K2 forms a dimer with K10 

and are generally found only in keratinized epithelium. K7 

and K17 are a keratin-pair found in stratified epithelia. 

K19, the smallest of the cytokeratin monomer proteins are 

found in most nonepidermal epithelia, but does not seem to 

have a neutral-basic pair. A complete list of keratin pairs 

is found in Appendix E. 

Since renal epithelial cells express cytokeratins, and 

vimentin in tissue culture, it is important to take a 

detailed look how any selective toxins may interact with 

these two components of the cytoskeleton. Only one 

compound, NiCl2, has been described to act as a selective 

toxin to the cytokeratins. French describes the collapse of 

the cytokeratin array in rat hepatocytes after exposure to 

1.5 X 10~5 M NiCl2 for 24 hours, essentially leaving 

vimentin, MT, and MF intact (Katsuma, 1988). French et al 

postulate that NiCl2 causes the plasma membrane release of 

the cytokeratins, and the natural recoil of these hyrophobic 

filaments caused them to collapse in a peri-nuclear ring 

formation, and eventually form a central aggregate clump of 
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cytokeratins (Katsuma, 1988). Vimentin intermediate 

filaments have been altered by micro-injection of anti-

vimentin antibodies, causing a collapse into a peri-nuclear 

ring (Klymkowsky, 1981). In both cases the MT and MF arrays 

maintain normal relationships and intact structures. Thus, 

it is inferred that all three components of the cytoskeleton 

are not connected in an obligatory fashion (Nagle, 1988). 

In summary, the cytoskeleton of eukaryotic cells lend 

structural support and a framework in which numerous 

biological processes can occur, including mitosis, cell 

locomotion, cytoplasm organization, intracellular movement 

of organelles, endocytosis, exocytosis, and membrane 

topography. The specific functions intimately involved in 

the health and well being of the cell have been studied 

mainly by the selective alteration of each component of the 

cytoskeleton, generally by use of a specific toxin. It is 

interesting to note that the lack of a selective toxin to a 

cytokeratin component, or the lack of a genetic deficiency 

to a cytokeratin component leaves researchers few methods to 

assess specific functions of cytokeratin filaments. 

Objectives 

It is difficult to study the effects of CsA on the 

cytoskeletal filaments of renal proximal tubular cells in 

vivo due to the complexity of the kidney nephron, and the 
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difficulty in obtaining quality immunofluorescence of the 

intact cytoskeleton in whole tissue slices. Clearly an in 

vitro model utilizing a single cell culture would be most 

beneficial in overcoming these difficulties. This cell 

culture should be chosen for these reasons: 

1. Easy visualization of the cytoskeletal components 

2. Maintain contact inhibition 

3. Remain stable 

4. Be susceptible to the toxin 

5. Be derived from a renal proximal tubular source 

An established renal cell line from the Potaroo 

Kangaroo rat (Ptl<2) was chosen for these reasons. In cell 

cultures it is practical to vary one parameter and study a 

single effect. Animal to animal variation normally seen in 

toxicological research is eliminated. Thus, the established 

cell culture allows the study of one single protein, or 

groups of related proteins as cellular targets with the 

greatest degree of efficiency, cost, and manipulation. 

Use of the PtK2 cell cultures allowed all these 

conditions to be met, and allowed several specific 

objectives to be made: 

1. direct visualization of the cytoskeletal filaments 
after CsA exposure 

2. assessment of cytoskeletal protein monomers after 
CsA exposure 

3. dose-response parameters studied over a range of 
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CsA concentrations and time frames 

Thus, the effects of CsA exposure and toxicity on the 

cytoskeleton of renal proximal tubules was characterized. 
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CHAPTER 2 

METHODS AND MATERIALS 

Materials 

CsA and CsG were provided by Dr. G. Mauer, Sandoz, 

LTD., Basel, Switzerland. Hams F 12/ DME 1:1 cell culture 

media was obtained from Sigma Chemical Co. (St.Louis, Mo). 

Fetal calf serum (FCS) and phosphate buffered saline (PBS) 

were obtained from ICN laboratories (Irvine, Ca) . 80 ml 

(175 cm2 growth area) cell culture flasks, sterilized by 

gamma radiation were obtained from Gibco Diagnostics (Grand 

Island, NY). PtK2 cells (available from American Tissue 
«•» 

culture collection, Rockville, Md) were a gift from Dr. 

Raymond B Nagle (Department of Pathology, University of 

Arizona, Tucson, Arizona). DU-145 cells (transformed primary 

prostate carcinoma) was a gift from Dr. Frederick R. Ahmann 

(Department of Pathology, Veterans Administration Hospital, 

Tucson, Arizona). Tissue culture quality trypsin was 

obtained as 10X concentrate from ICN Biomedical 

Laboratories (Irvine, California). A 100X concentrate of 

penicillin (100 units/ml), streptomycin (100 ug/ml), and 

amphotericin B (25 ug/ml) was obtained through ICN 

Biomedical Laboratories (Irvine, California). Anti-

cytoskeletal antibodies, and rhodamine or fluorescein 

conjugated anti-mouse or anti-rabbit antibodies are listed 
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Table 1 

Anti-Cytoskeletal Antibodies For 
Immunohistochemistry 

Antibody 

anti-Vimentin 

anti-alpha 
tubulin 

anti-actin 

KA4 anti-

Cytokeratin 
(#'s 14, 15, 
16, 19) 

10.11 anti-
Cytokeratin 
(#'S 8, 18) 

Rhodamine-
conjugated 
goat anti-Ms IgG 

Fluorescein-
conjugated 
goat anti-Ms IgG 

Rhodamine-
conjugated 
Phalloidin 

Animal Source 

mouse monoclonal 

mouse monoclonal 

Ref. 

(Osborn, 1984) 

(Blose, 1982) 

rabbit polyclonal (Gown, 1986) 

mouse monoclonal (Nagle et al, 1986) 

mouse monoclonal 

goat polyclonal 

Goat polyclonal 

(Chan et al, 1988) 

(Weir, 1979) 

(Weir, 1979) 

Fungal metabolite (Barak, 1981) 



29 

in table 1. All other biochemicals are reagent grade or 

better (assayed 99.9% purity). 

Cell Culturincr 

Stock cultures of PtK2 or DU-145 were maintained (37 °C, 5% 

C02 in air) inside a VWR Scientific Inc model 5020 dry C02 

incubator (San Francisco, California). Cells were grown as 

monolayer cultures in Hams F12/DME 1:1 media supplemented 

with 10% fetal calf serum. Incubator humidity was 

maintained by evaporation of H20 from a tray. Flask caps 

were kept loose to allow gas exchange. Confluent cell 

cultures were trypsin treated (0.5% w/v, 5 mM EDTA-PBS) to 

dislodge cells away from tissue flask plastic at 5-7 day 

intervals (PtK2 cell cultures) or 3 day intervals (Du-145 

cell cultures). Trypsin was neutralized with Hams F/12:DME 

1:1 media with 10% fetal calf serum, and the resultant media 

seeded into 3-6 culturing flasks or set aside for 

biochemical analysis. 

Total Cell Number And Viability 

Cells dislodged from culturing flasks by trypsin treatment 

were assayed for cell number and percentage viability. Cells 

were centrifuged (5 min, 400 g). Media was decanted and 

saved for further analysis. Cell pellets were resuspended 

in PBS and centrifuged (5 min at 400 g) . The resultant 

pellet was resuspended into a final volume of 1 ml phosphate 

buffered saline (PBS). PtK2 cells were diluted 1:5 and DU-
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145 were diluted 1:10 with trypan blue stain (0.1% w/v 0.9% 

NaCl) and placed in a hemocytometer counting chamber. Four 

corner squares were counted. The following formulas 

calculated total cell number and percentage viability: 

Number Cells Counted X dilution factor X 104 = 
4 

cells/ml 

Unstained Cell Number X 100 = Percentage Viable Cells 
Total Cell Number 

Measurement of Cytotoxicity by LDH Release 

Lactate dehydrogenase (LDH) causes the conversion of 

lactate to pyruvate at the expense of NAD+ consumption. The 

formation of NADH from the reaction is used to monitor LDH 

activity at 340 nm. LDH activity is measured in 

International Units per liter. 

Intact PtK2, DU-145 cells and decanted media saved from 

total cell number and percentage cell viability 

determinations were assayed for the presence of cytosolic 

enzyme activity. The ratio of enzyme activity in the media 

to the total intracellular enzyme activity was determined 

and expressed as a percentage. 

Enzyme Activity Media = Ratio 
Total Intracellular Enzyme Activity 

Ratio X 100% = Percentage Enzyme Activity Leaked 

A media blank was assayed for LDH activity. This 
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value was subtracted from LDH activity measured in the 

media. 

Total LDH activity was determined by disrupting a known 

number of cells by sonication (10 pulses, setting 4 from a 

Kontes micro ultrasonic cell disrupter fitted with a 

microtip, Kontes Inc., Vineland, N.J.) in PBS buffer, and 

assaying for LDH activity. Total LDH was normalized to 106 

cells. 

Measurement of Cytotoxicity by Intracellular K— CONTENT 

Alterations in intracellular potassium (K+) have been 

shown to indicate cytotoxicity. Intracellular K+ in PtK2 

cells was determined by flame ionization spectrophotometry 

(Coleman Model 51-Ca, Perkin-Elmer, Oak Brook, IL) (Stacey, 

1980). A standard curve was established using K+ standards 

(0-1 mM) # Intracellular K+ levels were expressed as mmoles 

per 106 cells. 

Intracellular CSA Content 

Intact cell pellets (106 cells or greater) of PtK2 

cultures exposed to CsA levels of 5 X 10~6 M, 0.5 X 10-6 M, 

or 1 X 10~6 M were analyzed for intracellular CsA levels by 

High Pressure Liquid Chromatography (HPLC). Briefly, 120 

ng/ml CsG internal standard was added to PtK2 pellets just 

prior to analysis. PtK2 pellets of 106 cells were digested 

by boiling 3 min in 1 ml 180 mM HC1. CsA was then extracted 
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from digest into 20 mis of diethyl ether. Extraction 

mixture was centrifuged (500 g, 20 min) to separate organic 

and aqueous phases. Ether phase (top layer) was drawn off 

into a clean tube, washed with 1 ml 95 mM NaOH, centrifuged 

(500 g, 15 min), then decanted into an evaporator tube. A 

stream of dry nitrogen gas evaporated the ether, and the 

resultant residue was taken up into 0.25 ml of 76 mM 

ammonia sulfate solution. This solution was washed in 

heptane and centrifuged (500 g, 5 min) to separate the 

organic from aqueous phases. The aqueous phase (bottom 

layer) was injected onto a 15 cm C-18 column (supplier, 

city, state) heated to 70 °C in a circulating water bath. 

Flow rate was set at 2.0 mis per min. Mobile phase 

consisted of acetonitrileil^O, 70%:30%. CsA concentrations 

were quantitated by peak area ratio to internal standard. 

Preparation of Cvtokeratin Protein Fractions 

Cytokeratin proteins from PtK2 cell cultures were 

prepared according to procedure described by Achtstaetter, 

(1986). Intact cells attached to tissue culture plastic 

were rinsed three times with PBS. Cells were then 

incubated 5 min in cold (-4 °C) Triton X-100 extraction 

buffer (10 mM Tris-HCl, 5 mM EDTA, 1% Triton X-100, 0.14 M 

NaCl, 5 mM EGTA, 1 mM dithiolerythritol(DTE) , pH 7.5). The 

buffer was decanted and cell residue incubated for 30 min in 

cold high salt buffer (10 mM Tris-HCl, 5 mM EDTA, 0.5% 
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Triton X-100, 1.5 M KC1, 5 mM EGTA, 0.5 mM DTE, pH 7.5). 

Attached cellular residue was scrapped free of tissue 

culture plastic with a disposable cell scraper. Cell 

residue and buffer was transferred to a glass homogenizer 

and homogenized (4 strokes). The homogenate was centrifuged 

for 20 min at 17,000 g. The pellet was washed in low salt 

buffer (5 mM Tris-HCl, 2 mM EDTA, 70 mM NaCl, 0.1 % Triton 

X-100, 2 mM EGTA, 0.5 mM DTE, pH 7.5), re-homogenized and 

centrifugated for 30 min at 27,000 g. The pellet which 

represented cytokeratins and vimentin was washed three 

times by resuspension in cold PBS and centrifugation (6 min, 

17,000 g) This preparation could be stored at -20 °C for 

later use. 

Two Dimensional Electrophoresis 

Non Equilibrium pH Gel Electrophoresis (NEPHGE) 

Isoelectric focusing in the first dimension was 

according to O'Farrell (1977), and DeRobertis et al (1977). 

Briefly, 9.5 M urea, 5% ampholines pH 2-11, 12.5% 

polyacrylamide rod gels were polymerized inside glass rods 

(10 cm X 1.5 mm). The isolated cytokeratin proteins were 

solubilized in 0.03 ml lysis I buffer (9.5 M urea, 5% B-

mercaptoethanol, 2% ampholines pH 2-11, 0.5% sodium dodecyl 

sulfate) and then 0.03 ml lysis II buffer (lysis I buffer, 

5% Nonident P-40) was added and the resultant solution was 

then applied to the polyacrylamide rod gel. Three standards 
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were also applied: bovine serum albumin (MW 68,000, pi 

6.34), 3-phosphoglycerol kinase (MW 43,000, pi 7.4), and 

actin (MW 42,000, pi 5.4) (Sigma Chemical Co., St Louis, 

Mo). Gels were subject to electrophoresis (10 min at 200 

volts, 10 min at 300 volts, 5 hr at 400 volts) in a Bio Rad 

Gel Electrophoretic Cell apparatus (Richmond, California), 

using a 0.02 M NaOH cathode buffer and a 0.01 M H3PO4 anode 

buffer. 

Gels are extruded from the glass casing into a 

disposable plastic petri dish and incubated 30 min in SDS 

buffer (0.06 M Tris, pH 6.8, 2% SDS, 5% B-mercaptoethanol, 

10% glycerol). After the SDS buffer was removed the gels 

could be stored (-20° C) or applied directly to second 

dimension electrophoresis. 

SPS-PolvacrYlamide Gel Electrophoresis (PAGE) 

The methodology of Laemmli (1970) was utilized for 

separation of cytokeratins by 12.5% polyacrylamide gels in 

the second dimension. Rod gels are attached to the slab 

gels with 0.8% agarose-SDS buffer solution, and subject to 

electrophoresis (5 hr, 25 mAmps) in a Multi-Slab 

Electrophoresis Unit apparatus (Hoeffer Scientific 

Instruments, San Francisco, Ca). 

Silver Staining for Protein Visualization 

Proteins were fixed in polyacrylamide gels by 

incubation in 45%/10% methanol/acetic acid solution for 30-
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60 min, followed by 10% gluteraldehyde for 60 min. Gels 

were washed with water six times over a 24 hr period, and 

then stained 15 min with ammonical silver (10 mM AgN03, 25 

mM NaOH, 100 mM NH4OH). Protein spots were visualized by 15 

min immersion in 0.25 mM formaldehyde, 0.05% citric acid 

solution. 

Histological Examination of Cvtoskeletal Elements 
Preparation of cells 

PtK2 or DU-145 cells were dislodged from tissue 

culture plastic by trypsin treatment and allowed to settle 

on sterile glass coverslips for 4 hr. Only viable cells 

will reattach. The coverslips were washed in warm PBS (37° 

C, 10 min), fixed in cold methanol (-20° C, 2 min) and air 

dried. 

Fluorescent Antibody Staining 

Coverslips with fixed cells were dipped in acetone six 

times for 3 sec then rehydrated in PBS at room temperature 

for 5 min. The coverslips were incubated 25 min in 0.5 ml 

of a diluted primary antibody listed in Table 1. The 

residue antibody was washed from the coverslips (PBS, 5 

min). The coverslips were then incubated 20 min with a 

diluted rhodamine or fluorescein conjugated secondary 

antibody. After one final PBS wash (10 min), coverslips 

were mounted cell side down on glass microscopic slides 

using gelvatol mounting solution (16% gelvatol w/v in 33% 
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glycerol-PBS, pH 7.4). 

Photography 

Coverslips with PtK2 or DU-145 cells reacted against 

anti-cytoskeletal antibodies were microphotographed using a 

Zeiss fluorescent microscope equipped with a built-in 

exposure system. Maximum ASA was used when exposing Kodak 

Tri-X 400 black & white and Kodak Ektachrome 200 daylight 

color film. Tri-X and Ektachrome film were forced to 

develop at twice the normal ASA for maximum contrast and 

clarity. Photographs of two dimensional electrophoretic 

gels were taken through a 35 mm camera by exposing AFGA 25 

ASA black & white film through a #86A (green) Wratten 

filter. 

Experimental Protocol 

PtK2 and DU-145 cell cultures were exposed to CsA and 

CsG by adding the compound directly into the Hams F12/DME 

1:1 media. Since CsA and CsG are hydrophobic, 0.012 g of 

each compound were dissolved in 0.1 ml of 100% ethanol and 

added to 1 L of Hams F/12,DME 1:1, 10% fetal calf serum 

media with vigorous stirring to make a 10~5 M stock solution 

of each. 

DU-145 cell cultures were exposed to stock 10~5 M CsA 

and CsG media for 24 hr, removed from tissue culturing 

plastic by trypsin treatment and the viable cells allowed to 

reattach to glass coverslips. After fixation, DU-145 cells 
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were evaluated by fluorescent immunohistology for 

alterations to cytoskeletal arrays. 

PtK2 cell cultures were exposed to stock 10-5 M CsA and 

CsG media for 24 hr, removed from tissue culturing plastic 

by trypsin treatment and the viable cells allowed to 

reattach to glass coverslips. After fixation, PtK2 cells 

were evaluated by fluorescent immunohistology for 

alterations to cytoskeletal arrays. 

PtK2 cell cultures were exposed to a concentration of 5 

X 10~6 M CsA for evaluation of cytotoxicity, intracellular 

CsA levels, two-dimensional electrophoresis, and 

immunohistology of cytoskeletal arrays at 12, 24, 36, 48, 

72, and 96 hr. Alterations in cytoskeletal components were 

examined by two dimensional electrophoresis and histologic 

evaluation of cytoskeletal arrays. General cellular 

toxicity was evaluated by cytosolic LDH enzyme release, 

intracellular K+, and percentage viability. Intracellular 

CsA concentration was used as a qualitative evaluation of 

plasma membrane integrity. 

PtK2 cell cultures were exposed to 0.5 and 1 X 10~6 M 

CsA concentrations for evaluation of cytotoxicity, 

intracellular CsA levels, two-dimensional electrophoresis, 

and immunohistology of cytoskeletal arrays at 5, 10, 15, 20, 

25, and 30 days. Cytoskeletal changes, general cellular 

toxicity, and integrity of plasma membrane were assessed as 
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described above. 

Evaluation of Data 

Data from cytosolic enzyme release, percentage 

viability, and intracellular K+ were expressed as mean ± SD 

of 4 measurements from a single experiment. Three separate 

experiments were preformed on each data point. No further 

statistical evaluation was preformed on this data. 

For histological evaluation and photomicroscopy of the 

cytoskeletal components, unexposed cells were used as 

controls and compared to cells exposed to each level of CsA. 

Random fields were selected to examine. More than 100 cells 

were examined for abnormalities in cytoskeletal filaments. 
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CHAPTER 3 

RESULTS 

Establishing CsA Exposure Concentration 
and Time Ranges in PtKn Cell Cultures 

A single high concentration of CsA and CsG (10~5 M, 24 

hr) were exposed to cultures of PtK2 cells. Cytotoxicity of 

CsA and CsG to the cultured cells was assessed by measuring 

LDH enzyme leakage (Figure 1) and trypan blue exclusion for 

viability (Table 2). 2,5 hexanedione and NiCl, both 

reported as possible cytoskeleton selective toxins were 

examined for comparison to CsA and CsG. Clearly, CsA was 

most toxic to PtK2 cultures as it caused the largest drop in 

cell viability and release of LDH than the other compounds 

tested. These preliminary studies established the maximum 

exposure and time frames. An exposure of 5 X 10~6 M CsA 

was used for short term (72 hr) evaluation. 

Exposure of PtKo Cell cultures 
to 5 X 10^ M CsA 

Cytotoxicty at 5 X 10^- M CsA. After 12 hr incubation 

with 5 X 10~6 M CsA a rapid increase in release of the 

cytosolic LDH enzyme occurred, suggesting autolysis of cells 

sensitive to CsA (Figure 2). Intracellular K+ levels 

rapidly increase by 12 hr (Figure 3). This was in agreement 

with Batlle (1986), who showed decreased K+ and H+ secretion 

in the collecting duct of rats, and noted in humans as 
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LDH Release from PtKg Cell Cultures 
Short Tern Exposure to Toxins 
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Figure 1. LDH release into cell culturing media after 
exposure to selected toxic compounds. PtK2 

cell cultures were exposed to CsG and CsA (10~5 

M,24 hr), 2,5, hexanedione (1 mM, 48 hr) , and 
NiCl2 (1.6 X 10-5 M, 24 hr). 2,5 hexanedione 
and NiCl2 were included as possible cytokeratin 
selective toxins. Values are expressed as mean 
± SD (N=3). Control values = 0.15+ 0.004. 
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Table 2. 

Effect of toxins on percentage of viable 
cells in PtK2 cultures 

Compound Concentration Time fhr^ % Viability 

control - 48 93 ± 3a 

2,5 hexanedioneb 10~3 M 48 91 ± 4 

NiClb 1.6 X 10"4 M 24 79 ± 6 

CsG 10"5 M 24 87 ± 3 

CsA 10"5 M 24 68+5 

aAll percentage of viabilities measured by trypan blue 
exclusion staining. Date were expressed as mean ± SD 
of 6 samplings. 

^2,5 hexanedione and NiCl2 were included in preliminary 
studies as possible cytokeratin selective toxins. 
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LDH Release Bv PtKg Cell Cultures 
Exposed to 5 X 10^ M CsA 
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Figure 2. LDH release into cell culturing media. 
PtK2 cell cultures were exposed to 
single high level of 5 X 10~6 M CsA at 0-
72 hr. Ptl<2 cell cultures were incubated in 
CsA Hams F12/DME 1:1 media and aliquotes were 
collected after selected time intervals and 
tested for LDH release in the manner described 
under Methods and Materials. Data were 
normalized tc 106 cells and expressed as mean ± 
SD of three replicate samplings. 
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Intracellular Concentration of in PtKg Cell cultures 
Exposed to 5 X 10^~M CsA 
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Figure 3. Intracellular K+ accumulation in PtK2 cell 
cultures. cells were exposed to CsA (5 X 10 6 

M, 72 hr) in Hams F12/DME 1:1 media and cells 
were collected after selected time intervals 
and analyzed for total intracellular K+ levels 
in the manner described under Methods and 
Materials. Data were normalized to 106 

cells and expressed as mean ±SD of three 
replicate samplings. 
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decreased K+ urinary exretion (Mithatsch, 1986). No change 

in cell viability over controls was observed at 12 hr 

(Figure 4). 

Between 12-48 hr LDH release and intracellular K+ 

accumulation remained constant while a decline in cell 

viability was noted. Possibly the cells were in a 

refractile period of cellular repair following initial 

insult to CsA exposure. 

After 48 hr the PtK2 cells were rapidly intoxicated, 

evidenced by the sharp increase in LDH release, and rapid 

decline in cell viability. No cells survived past 72 hr 

after initial exposure to CsA. 

Intracellular CsA accumulation. Past studies reported 

that CsA uptake in cell cultures reaches steady state with 

the culturing media by 2 hr. Since CsA uptake has not been 

shown to be receptor or energy-dependant in cultured cells, 

it no doubt is taken into cultured cells by passive 

absorption. Intracellular CsA levels remained constant from 

12-48 hr (Table 3), which agreed with the passive absorption 

model reported in cultured cells, since the concentration 

did not increase against time. After cellular membrane 

integrity was compromised at 48 hr, the intracellular CsA 

concentration rapidly declined. 
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Figure 4. Decline in percentage of viable PtK2 cells 
as measured by trypan blue exclusion staining. 
PtK2 cell cultures were exposed to CsA (5 x 10" 
6 M, 72 hr) in Hams F12/DME 1:1 media. Cells 
were collected after selected time intervals 
and analyzed for viability in the manner 
described under Methods and Materials. Data 
were expressed as mean ± SD of six replicate 
samplings. 
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Table 3 

Intracellular CsAa (Mol/106 cells) in PtK2 Cells 
Exposure to 5 X 10~6 M CsA 

time Mol/10^ Cells 

12 hr 12.1 X 10"6 M 

24 hr 11.5 X 10~6 M 

36 hr 15.5 X 10"6 M 

48 hr 4.7 X 10"6 M 

72 hr N.D. 

Intracellular CsA level measured in PtK2 cultured cells by 
HPLC analysis. Data were expressed as single measurement. 
CsA concentration of culturing media was 5 X 10~6 M. 
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Immunofluorescent staining. At each time point 

examined (0-72 hr), there was no effect on the MT or MF 

arrays in cultured PtK2 cells (Figure 5, Figure 6). 

At 0-48 hr vimentin intermediate filaments were 

intact, showing normal structure and relationships (Figure 7 

b-c). However, at 72 hr there was perinuclear collapse of 

vimentin arrays (Figure 7d). Possibly this late 

rearrangement in vimentin filaments was due to interruption 

in the cell cycle due to CsA exposure. 

Little or no effect of 5 X 10~6 M CsA on cytokeratins 

was observed at 12 hr incubation time (Figure 8a). This was 

the time period LDH leakage and intracellular K+ showed the 

greatest variation over control levels. By 24 hr the 

cytokeratin filaments in some viable cells showed peri

nuclear collapse into a prominent ring formation, while 

other cells showed cytokeratin filaments in essentially 

normal array (Figure 8b). All cells exhibited altered 

cytokeratin arrays at 36 hr, predominately marked peri

nuclear ring formations. Some cells exhibited a single 

aggregate clump of cytokeratins within the cytoplasm (Figure 

8c). At 48 hr post exposure more cells exhibited a single 

clumping of cytokeratins in the cytoplasm, although there 

was a predominance of peri-nuclear ring formations evident 

(Figure 8d) . At the 72 hr time point the few viable cells 

able to produce glycoprotein for reattachment to glass 
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coverslips exhibited a large aggregate clump in the 

cytokeratin network over control cells (Figure 8e,f). No 

cells would attach to the coverslips past 72 hr. 

At a higher concentration of CsA (10-5 M, 24 hr) the 

alteration in the cytokeratin structure in PtK2 cultured 

cells was pronounced (Figure 9). DU-145 cells, originally 

derived from prostatic carcinoma, was examined and proved 

that a similar histological alteration in cytokeratins 

occurred in a human cell line at 10~5 M for 24 hr (Figure 

10) . 

Only viable cells secrete the fibronectin and other 

glycoprotein necessary to reattach cells to coverslips after 

trypsin treatment. Therefore, collapsed cytokeratin 

filaments was not an artifact of autolysis. CsG (10~5 M, 24 

hr), the structural analog of CsA, did not appear to affect 

cytokeratin filaments in either PtK2 or DU-145 cultured 

cells (Figure 9c, Figure 10c). Vimentin was examined in 

PtK2 cells at 24 hr exposure to 10~5 M CsA for similar 

collapse of filamental arrays as was observed at 72 hr 

exposure to 5 X 10~6 M CsA. There was no observable 

collapse of vimentin at the higher concentration, shorter 

time frame exposure (Figure 11). This may support a cell 

cycle alteration in vimentin rather than a selective toxic 

effect. 

Although CsA caused a similar effect in DU-145 
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cultured cells as was observed in PtK2 cultured cells, no 

further evaluation of DU-145 cultured cells was considered, 

beyond establishing this collapse of cytokeratin arrays also 

occurred in a human cell line. The DU-145 cell line is 

derived from prostate carcinoma and thus will probably not 

provide as much extrapolation to CsA-associated 

nephrotoxicity. Furthermore, DU-145 cultures yielded a 

rounded, condensed cell with a low cytoplasmic to nuclear 

volume ratio that did not lend itself to adequate 

photomicroscopic evaluation. 

Evaluation of Two-Dimensional Gel Electrophoresis. 

Immunhistological evaluation displayed a CsA selective 

alteration in the cytokeratin filaments. This finding was 

supported by two dimensional electrophoresis. At 72 hr 

major cytokeratin protein monomers (human equivalent K7, K8, 

K18, K19) were intact (Figure 12e). However, qualitative 

expression of a lessor triplet of acidic cytokeratins (human 

equivalent K15, K16, K17) was decreased or eliminated at 24 

hr (Figure 12b), and remained decreased or eliminated to 72 

hr (Figure 12c-e). Control cells displayed all cytokeratin 

protein monomers at 72 hr (12f). 

Exposure of PtK2 Cell cultures 
to 0.5 X M and" 1 X 10^ M CsA 

Investigation into long term exposure levels of CsA 
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Figure 5. PtK2 cells exposed to 5 X 10~6 M CsA for 0-72 
hr and then reacted against anti-microtubule 
antibody. 

a. Unexposed cells showing intact MT network 
spreading from nuclear membrane to plasma 
membrane. 

b. Cells exposed to CsA for 12 hr, showing intact 
MT network. 
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Figure 5. PtK2 cells exposed to 5 X 10~6 M CsA 
for 0-72 hr and then reacted against 
anti-microtubule antibody. 

c. Cells exposed to CsA for 48 hr and showing 
intact MT network. 

d. Cells exposed for 72 to CsA and showing intact 
MT network compressed in a smaller cytoplasmic 
volume. 



PtK2 cell cultures exposed to 5 X 10"6 M CsA 
for 0-72 hr and then reacted against anti-
iriicrofilament antibody. 
Unexposed control cells showing 
MF arrays arranged in stress 
fibers due to growth on tissue culture plastic. 
Cells exposed to CsA for 72 hr and then 
reacted against antimicrofilament antibody. 
Cells show essentially normal MF filaments 
compressed in smaller cytoplasmic volume. 



PtK2 cell cultures exposed to 5 X 10~6 M CsA 
for 0-72 hr then reacted against anti-vimentin 
antibody. 
Unexposed control cell showing intact 
vimentin arrays. 
Cells exposed to CsA for 24 hr. Vimentin 
arrays are essentially intact. 



54 

Figure 7. PtK2 cell cultures exposed to 5 X 10~6 M CsA 
for 0-72 hr then reacted against anti-vimentin 
antibody. 

c. Vimentin arrays at 48 hr exposure to CsA, 
showing intact filaments. 

d. Cells exposed to CsA for 72 hr. Vimentin 
filaments show peri-nuclear collapse. 



Figure 8. PtK2 cell cultures exposed to 5 X 10~6 M CsA 
for 0-72 hr then reacted against anti-
cytokeratin antibody KA4 (specific for K14, 
K15, K16, K19). 

a. Cells exposed to CsA for 12 hr. Cytokeratin 
filaments are intact, maintaining normal 
relationships to nuclear and plasma membranes. 

b. Cells exposed to CsA for 24 hr. Cytokeratin 
network show some peri-nuclear collapse. 
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Figure 8. 
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PtK2 cell cultures exposed to 5 X 10~6 M CsA 
for 0-72 hr then reacted against anti-
cytokeratin antibody KA4 (specific for K14, 
K15, K16, K19). 
Cells exposed to CsA for 36 hr. Peri-nuclear 
collapse is predominant. 
Cells exposed to CsA for 48 hr. Peri-nuclear 
collapse has occurred in most cells, with some 
cells exhibiting a single aggregate clump of 
cytokeratin within the cytoplasm. 
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Figure 8.PtK2 cell cultures exposed to 5 X 10~6 

M CsA for 0-72 hr then reacted against anti-
cytokeratin antibody KA4 (specific for K14, 
K15, K16, K19). 
Cells exposed to CsA for 72 hr. All cells 
exhibit: a single aggregate clump of cytokeratin 
filaments within the cytoplasm. 
Unexposed cells showing intact cytokeratin 
array at 7 2 hr. 
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Figure 9. PtK2 cultured cells reacted against anti-

cytokeratin antibody KA4 (anti-cytokeratin # 
K14, K15, K16, K19). 

a. Control cells showing intact network of 
cytokeratin filaments spread from cell nucleus 
to plasma membrane. 

b. PtK2 cells exposed to CsA (10-"5 M, 24 hr), then 
reacted against KA4 anti-cytokeratin antibody. 
Cytokeratin filaments, released from plasma 
and nuclear membrane attachments, form a single 
aggregate clump within the cytoplasm. 
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Figure 9. PtK2 cultured cells reacted against anti-
cytokeratin antibody KA4 (anti-cytokeratin # 
K14, K15, K16, K19). 

c. PtK2 cells exposed to CsG (10~5 M, 24 hr),then 
reacted against anti-cytokeratin antibodyKA4. 
Cytokeratin arrays appear intact,maintaining 
nuclear and plasma membrane attachments,and 
normal distribution within the cytoplasm. 
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Figure 10. DU-145 cultured cells reacted against anti-
cytokeratin antibody 10.11 (anti-cytokeratin # 
K8, K18). 

a. DU-145 control cells showing cytoplasmic 
network of cytokeratin filaments arrayed from 
nucleus to plasma membrane. 

b. DU-145 cells exposed to CsA (10~5 M, 24hr), 
then reacted against anti-cytokeratin antibody 
10.11. 
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Figure 10. DU-145 cultured cells reacted against anti-
cytokeratin antibody 10.11 (anti-cytokeratin # 
K8, K18). 

c. DU-145 cells exposed to CsG (10""5 M, 24hr), 
then reacted against anti-cytokeratin antibody 
10.11. Cytokeratin arrays appear intact, 
maintaining nucleus and plasma membrane 
attachments and normal distribution within the 
cytoplasm. 
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Figure 11. PtK2 cultured cells reacted against anti-
vimentin antibodies. 

a. PtK2 control cells reacted against anti-
vimentin and showing vimentin intermediate 
filaments in normal arrays. . 

b. PtK2 cells exposed to CsA (10~5 M, 24 hr), 
then reacted against anti-vimentin antibody. 
Vimentin filaments appear intact and normally 
arrayed in cytoplasm. 
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Figure 12. Two dimensional gel electrophoretic patterns of 
extracted cytokeratin proteins in PtK2 cell 
cultures exposed to 5 X 10~6 M CsA for 0-72hr. 

a. Extracts of 107 cells exposed to CsA for 12 hr. 
Acidic triplet K15, K16, K17 is present 
(arrows). Standards are 3-phosphoglycerol 
kinase (PGK)(Mr 44,000, pi 7.4), and bovine 
serum albumin (BSA) (Mr 68,000, pi 6.4) 

b. Extracts of 10? cells exposed to CsA for 24 hr. 
Acidic triplet K15, K16, K17 is decreased or 
eliminated. 
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Figure 12. Two dimensional gel electrophoretic patterns of 
extracted cytokeratin proteins in PtK2 cell 
cultures exposed to 5 X 10~6 M CsA for 0-72hr. 

c. Extracts of 107 cells exposed to CsA for 36 hr. 
Acidic triplet K15, K16, K17 decreased or 
eliminated. 

d. Extracts of 107 cells exposed to CsA for 48 hr. 
Acidic triplet decreased or eliminated. 
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Figure 12. Two dimensional gel electrophoretic patterns of 
extracted cytokeratin proteins in PtK2 cell 
cultures exposed to 5 X 10~6 M CsA for 0-72hr. 

e. Extracts of 107 cells exposed to CsA for 72hr. 
Major cytokeratin proteins K7,K8, K18, K19 are 
present. Acidic triplet K15, K16, K17 are 
decreased or eliminated. 

f. 107 unexposed cells extracted at 72 hr, showing 
expression of acidic cytokeratins K15, K16, 
K17. 
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has generated interest in the medical community. It is 

especially important that a model system be established as 

No animal studies have duplicated the chronic CsA 

nephrotoxicity seen in humans. For the purposes of 

examining cytoskeletal changes due to long term exposure to 

CsA in cell cultures, PtK2 cell cultures were treated with 

continuous exposures to lower concentrations of CsA (0.5 X 

10~6 M, 1 X 10~6 M) for 30 days. 

Cytotoxicity at 0.5 and 1 X 10^ M CsA. After five 

days exposure to 1 X 10~6 M CsA there was a marked elevation 

in LDH leakage over controls (Figure 13). This may reflect 

enzyme leakage from CsA sensitive cells, as was observed at 

the higher CsA concentration (Figure 2). Up to fifteen days 

continuous exposure to 0.5 X 10~6 M CsA there was no 

statistical increase of LDH release over controls, but at 20 

days exposure to 0.5 X 10~6 M CsA there was a significant, 

although modest elevation in LDH leakage over control. At 

25 days there was rapid LDH leakage observed at both levels 

of CsA exposure. This may be due to termination of cellular 

repair mechanism or perturbation of plasma membrane, 

although this can not be substantiated from existing data. 

Over the course of 30 days exposure to low levels of 

CsA there was no statistical increase in intracellular K+ 

accumulation (Figure 14). CsA has been shown to interrupt 

cell cycle at the interphase. Thus, the apparent 
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increase in intracellular K+ may most likely be due to an 

overall increase in cytoplasmic volume as PtK2 daughter 

cells do not undergo cytokinesis. This can not be 

substantiated without comparing the data to cellular DNA 

content, which was not measured. Consequently, normalizing 

K+ levels to 106 cells may not be an accurate portrayal of 

intracellular K+ levels. 

The viability of PtK2 cell cultures showed a decline 

at each 5 day sampling time (Figure 15). The rapid decline 

at observed within the first 5 day interval in cultures 

exposed to 1 X 10~6 M CsA may have reflected toxicity to CsA 

sensitive cells. The gradual decline in viability from 5-25 

days probably represents cellular refractile or repair 

phases and most cells survive this time period. At 25 days 

there was a sharp decline in percentage of viability in both 

levels of CsA exposure. This may represent the point at 

which toxicity reached irreversibility in most cells. 

Thus, the time frame of interest for cytoskeletal changes 

was from 5-25 days on continuous exposure to low levels of 

CsA, prior to irreversible toxicity. 

Intracellular CsA Concentration at 0.5 and 1 X 10^ M 

CsA. PtK2 cell cultures at each 5 day sampling time were 

assayed for intracellular CsA concentration. However, 

levels of CsA were below limits of detection by the HPLC 

technique, which was determined to be 2 ng/ml. 
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Figure 13. LDH released from cultures of PtK2 cells 
exposed to 0.5 and 1 X 10~6 M CsA for 30 
days. PtK2 cell cultures were exposed to CsA 
in Hams F12/DME 1:1 media and aliquots of media 
were collected at selected time intervals and 
analyzed for LDH release in the manner 
described under Methods and Materials. Data 
were normalized to 10^ cells and 
expressed as mean + SD of three replicate 
samplings. 
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Figure 14. Intracellular K+ accumulation in PtK2 cell 
cultures after continuous exposures to low 
level (0.5 X 10"6 M, 1 X 10"6 H) CsA for 30 
days. PtK2 cell cultures were exposed to CsA 
in Hams F12/DME 1:1 media and cells collected 
at selected time intervals for analysis of 
total intracellular K4" levels as described 
under Methods and Materials. Data were 
normalized to 106 cells and expressed as mean + 
SD of three replicate samplings. By student t-
test p > 0.05. Results are not statistically 
different. 
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Figure 15. Decline in percentage of viable PtK2 cell 
cultures exposed to 0.5 X 10~6 M, and 1 X 10~6 

M CsA for 30 days as measured by trypan blue 
exclusion staining. PtK2 cell cultures were 
exposed to CsA in Hams F12/DME 1:1 media and 
cells were collected at selected time points 
for viability analysis as described under 
Methods and Materials. Data were expressed as 
nean + SD of six replicate samples. 
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Immunofluorescent staining. Elements of the cyto-

skeleton were examined for abnormalities. MT and MF 

maintained normal structures and relationships even at day 

3 0 (Figure 16 and Figure 17). Although there was 

demonstratable collapse of vimentin intermediate filaments 

due to a short term exposure to high levels of CsA (5 X 10~6 

M CsA, 72 hr), this effect on vimentin was not established 

at low level exposure at 30 days (Figure 18). This may have 

been due to vimentin-dependant cell cycle cytokinesis 

failing at high level (5 X 10~6 M, 72 hr) CsA exposure, but 

not at low level (1 X 10~6 M, 0.5 X 10~6 M) CsA exposure. 

Anti-cytokeratin antibody KA4 (specific for K14, K15, 

K16, K19) showed collapse of the cytokeratin intermediate 

filaments (Figure 19a-e, Figure 20a-e). There were abnormal 

cytokeratin structures observed at earlier time points but 

the first appearance of true peri-nuclear collapse of the 

cytokeratin filaments and the formation of a few single 

clumped cytokeratin aggregates occurred at day 20 (IX 10~6 M 

CsA), and day 25 (0.5 X 10~6 M CsA). 

Two-Dimensional Gel Electrophoresis. Human equivalent 

acidic cytokeratins K15, K16, K17 were not observed on 

electrophoretic gels after 20 days continuous exposure to 

0.5 X 10~6 M CsA in PtK2 cell cultures (Figure 21 a-d), and 

were not observed at 30 days. 

At 1 X 10~6 M CsA human equivalent acidic cytokeratins 
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K15, K16, K17 were not seen after day 15 (Figure 22 a-d) 

This decrease or elimination in expression was maintained at 

30 days. 

This decrease of K15, K16, K17 below the sensitivity 

of ammonical silver or elimination of these acidic 

cytokeratins from expression in PtK2 cell cultures were 

demonstrated at each level of exposure to CsA examined. This 

phenomena was confirmed at each level of CsA exposure in at 

least three separate experiments. Fluorescent staining 

against specific cytoskeletal proteins showed selectivity 

of CsA action against cytokeratin filaments. This was the 

first demonstration of altered cytokeratin expression due to 

interaction with a xenobiotic. How this toxicity to the 

cytokeratin intermediate filaments may be related to the 

nephrotoxicity associated with CsA can not be determined 

from the data presented, but can be a subject for 

speculation. 



PtK-> cultured cells exposed to 0.5 and 1 X 
10"6 M CsA for 30 days then reacted against 
anti-raicrotubule antibody. 
Cells exposed to 0.5 X 10~6M-CsA for 30 days 
showing intact MT filaments. 
Cells exposed to 1 X 10~6 M CsA for 30 days 
showing intact MT filaments. 
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Figure 17. ptK2 cultured cells exposed to 0.5 and 1 X 
10~6 M CsA for 30 days then reacted against 
antimicrofilament antibody. 

a. Cells exposed to 0.5 X 10"6 M CsA for 30 days 
showing intact MF arrays. 

b. Cells exposed to 1 X 10~6 M CsA for 30 days 
and showing intact MF arrays. 
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Figure 18. ptK2 cultured cells exposed to 0.5 and 1 X 
10~® M CsA for 0-30 days then reacted against 
anti-vimentin antibody. 

a. Cells exposed to 0.5 X 10~6 M CsA for 30 days 
showing intact vimentin filaments. 

b. Cells exposed to 1 X 10~6 M CsA for 30 days 
showing intact vimentin filaments. 
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Figure 19, 

a. 

b. 

PtK2 cultured cells exposed to 0.5 X 10~6 M CsA 
then reacted against anti-cytokeratin antibody 
KA4. 
Cells exposed to CsA for 5 days then 
reacted with KA4. Cytokeratin network is 
intact, maintaining normal relationship to 
nuclear and plasma membranes. 
Cells exposed to CsA for 20 days then reacted 
against KA4. There is the appearance of some 
peri-nuclear clumping of cytokeratin filaments, 
but most cells exhibited normal, intact 
cytokeratin arrays. 
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Figure 19. 

c. 

PtK2 cultured cells exposed to 0.5 X 10"6 M CsA 
then reacted against anti-cytokeratin antibody 
KA4. 
Cells exposed to CsA for 25 days. There is CsA 
associated peri-nuclear collapse, and some 
aggregate clumps of cytokeratin filaments. 
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Figure 20. 

a. 

b. 

PtK2 cultured cells exposed to 1 X 10""6 M CsA 
for 0-30 days then reacted against anti-
cytokeratin antibody KA4. 
Cells exposed to CsA for 5 days then reacted 
against KA4. Cytokeratin array are intact, 
maintaining normal relationship to the nuclear 
and plasma membranes. 
Cells exposed to CsA for 15 days then reacted 
against KA4. Cytokeratin filaments show some 
peri-nuclear clumping, while other cytokeratin 
arrays appear intact. 
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Figure 20. PtK2 cultured cells exposed to 1 X 10"6 M CsA 
for 0-30 days then reacted against anti-
cytokeratin antibody KA4. 

c. Cells exposed to CsA for 20 days then reacted 
against KA4. There is predominance of peri
nuclear collapse of cytokeratin filaments and 
appearance of a single aggregate clumping of 
cytokeratin filaments within the cytoplasm. 



Figure 21. 

a. 

b. 
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Two dimensional gel electrophoretic patterns of 
cytokeratin proteins from cellular extracts of 
PtK2 cultured cells exposed to 0.5 X 10~6 M CsA 
for 0-30 days. Standards are 3-Phosphoglycerol 
kinase (PGK))(Mr 44,000, pi 7.4), actin (A) (Mr 
42,000, pi 5.4), and bovine serum albumin (BSA) 
(Mr 68,000, pi 6.4). 
Extracts of 107 cells exposed to 0.5 X 10~6 

M CsA for 15 days. Acidic triplet K15, K16, 
K17 are present. 
Extracts of 107 cells exposed to 0.5 X 10~6 

M CsA for 20 days. Expression of acidic 
triplet K15, K16, K17 is decreased or 
eliminated. 
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Figure 21. Two dimensional gel electrophoretic patterns of 
cytokeratin proteins from cellular extracts of 
PtK2 cultured cells exposed to 0.5 X 10~6 M CsA 
for 0-30 days. 

c. Extracts of 107 cells exposed to 0.5 X 10~6 M 
CsA for 25 days. Acidic triplet of K15, K16, 
K17 is decreased or eliminated. 

d. Extracts of 107 control cells showing 
expression of K15, K16, K17 after 30 days 
growth. 
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Figure 22. Two dimensional gel electrophoretic patterns of 
CK proteins from cellular extracts of cultured 
PtK2 cells exposed to 1 X 10"6 M CsA for 0-30 
days. 

a. Extracts of 107 cells exposed to 1 X 10"6 M 
CsA for 10 days. Acidic triplet K15, K16, K17 
is present, although K17 may be decreased. 

b. Extracts of 107 cells exposed to 1 X lO""6 M 
CsA for 15 days. Expression of acidic triplet 
K15, K16, K17 is decreased or eliminated. 
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Figure 22. Two dimensional gel electrophoretic patterns of 
CK proteins from cellular extracts of cultured 
PtKo cells exposed to 1 X 10"6 M CsA for 0-30 
days. 

c. Extracts of 107 cells exposed to 1 X 10~6 M 
CsA for 25 days. Expression.of acidic 
triplet is decreased or eliminated. 

d. Extracts of 107 control cells after 30 days 
growth showing expression of acidic triplet 
K15, K16, K17. 
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DISSCUSSION 

Cyclosporin A caused a selective alteration in the 

cytokeratin intermediate filaments of PtK2 and DU-145 cell 

cultures. This was observed as peri-nuclear ring formations 

and the aggregates of cytokeratin component of the 

cytoskeleton. Concurrent with the alteration in the 

cytology of the cytokeratin arrays was an elimination or 

decrease in expression of three acidic cytokeratin protein 

monomers. Two other reported selective cytokeratin toxins, 

2,5 hexanedione and NiCl2, were examined and had no 

discernable effect on the cytokeratins of PtK2 cells. 

A direct action on the cytokeratins would necessarily 

involve toxicity at one or more of eight basic molecular 

level functions. CsA may interfere with transcription of 

mRNA from DNA, or block the transport of mRNA out of the 

nucleus through the nuclear pores. CsA might hinder the 

translation of mRNA by the ribosome, either by blocking mRNA 

binding to the ribosome or prematurely causing termination 

of translation products. 

The observed effects of CsA on the cytokeratin arrays 

may be post-transcriptional and post-translational, and 

involve a direct action on the protein molecule. CsA may 

block the formation of dimers, or tetrameres of cytokeratin 
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proteins, or block at the superfilament level by blocking 

the binding of tetrameres together. Lastly, CsA may alter 

the tethering mechanism by which cytokeratin superfilaments 

attach to nuclear envelope and plasma membrane. 

If the action of CsA is not due to a direct action on 

the cytokeratin proteins, this observed perturbation of 

cytokeratin arrays must be through a secondary toxicity. 

These may involve a target protein other then cytokeratin, 

a cell cycle phenomena, or an alteration to transcription 

mRNA other than those involved with cytokeratin filament 

formation. CsA may somehow alter the nuclear envelope and 

plasma membrane to the extent that mechanisms of cytokeratin 

attachment to these membranes is changed, and the observed 

collapse is a recoil phenomena. 

Cytokeratins proteins have a slow rate of degradation 

and synthesis. Thus, effects of CsA on these proteins may 

not necessarily be observed immediately after exposure. The 

cytokeratin array was intact at 12 hr and showed perinuclear 

collapse at 24 hr. This supports a latent expression of 

toxicity. But cytotoxicity appears within 12 hr, as noted 

by the rapid rise in LDH leakage and accumulation of 

intracellular K+. This argues against a single cytokeratin 

selective target. However, it was observed that rapid 

declines in cell viability did not occur until the 

appearance of peri-nuclear collapse and aggregate clumping 
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of cytokeratins, and not, as might have been expected, 

within the time frame where cytotoxicity occurs. It 

appears, then, that several mechanism of CsA toxicity may be 

at work. 

It may be that immediate toxicity is associated with 

CsA involvement with the plasma membrane. It may be that 

LDH leak and intracellular K+ uptake which occurs soon after 

exposure to CsA is a membrane—associated toxicity. Although 

blebbing, vacuolation, and giant mitochondria have been 

reported in CsA associated tissue examinations, this was not 

seen in the PtK2 cell cultures, with the exception of 

vacuolation after 10 days at 1 X lO"6 M CsA exposure. 

Since cytokeratin arrays are essentially intact at the 

early time points to CsA exposure, it can be inferred that 

CsA is not directed against the attachment protein or 

proteins which anchor the cytokeratin network of filaments 

to the plasma and nuclear membranes. This assumption, 

however, does not rule out the possibility that CsA targets 

the attachment proteins on a transcription level. This may 

mean that as attachment proteins are degraded and re-

synthesized new proteins are not formed, or formed in 

incomplete sequences. This would allow cytokeratin 

filaments to be released and recoil from the plasma and 

nuclear membranes. 

The disappearance or decline of a triplet of acidic 
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cytokeratin monomers might be evidence of a direct toxicity 

on cytokeratin expression. This may occur by two 

mechanisms. One, there is direct binding of CsA to 

cytokeratin proteins which alter dimer formation. These 

drug bound cytokeratin monomers would undoubtedly be 

degraded by proteolytic enzymes, or possibly be secreted 

from the cell, as was noted by in MCFy cells, or be soluble 

and not detected by a high salt extract and electrophoresis. 

This may account for the decrease in K15, K16, K17 monomers 

seen by two dimensional gel electrophoresis. Second, the 

decrease in cytokeratin monomers occurs by directly 

suppressing cytokeratin gene expression by interfering with 

the transcription or translation of mRNA, or by blocking 

mRNA leaving the nucleus. 

It is not known which cytokeratin dimers link together 

to form the observable 9 nm filaments. It is not known if 

filaments are formed by a single cytokeratin tetramer to the 

exclusion of others, implying that other cytokeratin dimers 

form the linker arms, plasma membrane attachment points, and 

nuclear membrane attachment points. Conversely, the 

superfilaments can be formed of a pleiomorphic mixture of 

cytokeratin dimers. Until the advent of individual 

monoclonal antibodies to all cytokeratin monomer proteins, 

the pattern of cytokeratin monomer arrangement in the 

filaments will not be known. Thus, it is impossible to be 
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conclude if this disappearance or elimination of a lessor 

expression subset of cytokeratin proteins can be the cause 

of peri-nuclear ring formations and aggregate clumping of 

cytokeratins noted with CsA exposure. 

It can not be determined here if the alteration of 

expression of lessor cytokeratin genes can be the direct 

cause of the noted CSA effect. This is an intriguing 

possibility that must be examined during future studies. 

The possibility that CsA binds directly to the 

cytokeratin protein monomers can not be established from 

experimental data presented. Since there seemed to be a 

direct time correlation with the decreased expression of 

human equivalent K15, K16, K17 and the appearance of 

perinuclear ring formation and aggregate clumping of CK 

arrays, further studies are needed to address this important 

observation. An experiment designed to determine the extent 

of CsA-cytokeratin protein binding was inconclusive and was 

not included in the chapter on experimental results. 

A direct binding of CsA to cytokeratin protein monomers 

within cellular matrix is theoretically possible at 

biochemical levels. The hydrophobic CSA molecule and the 

repeating heptad of hyrophobic amino acids that form the 

central rod domain of cytokeratin monomers could clearly 

interact through hydrophobic bonding. 

It may be a difficult task to describe the cytokeratin 
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collapse mechanism if it is due to a secondary toxicity. 

Immunofluorescent staining showed convincingly other 

components of the cytoskeleton are not directly affected by 

CsA, although, by 72 hr exposure the vimentin intermediate 

filaments showed the beginning of peri-nuclear collapse. 

Apparently, the MF, MT, and vimentin components of the 

cytoskeleton are protected from alteration by CsA. Inagaki 

(1986) showed that vimentin is an excellent substrate for 

cAMP dependant protein kinases, and phosphorylation 

disassembles vimentin. S.ince CsA was shown to deactivate 

cAMP dependant kinases and protein kinase C in the 

activation step of T-lymphocytes via binding to calmodulin 

(Colombani, 1987), it is inferred that vimentin is prevented 

from disassembly through inactivation of these enzymes. 

This would explain why MF, formed of G-actin monomers in the 

presence of ATP, Mg2+, and Ca2+ are not altered, since CsA 

does not deplete ATP (Hay,1986). CsA interferes with plasma 

membrane Ca fluxes and causes an increase in intracellular 

Ca. This does not explain why MT are not affected, since 

they have been shown in vitro to require GTP, Mg2+, and 

decreased Ca2+ levels for assembly (Sager, 1986). Possibly 

the increased intracellular Ca due to CsA exposure is not 

severe enough to cause MT disassembly. 

Schliwa and Van Blerkom (1981) describe a 3 nm 

filaments linking intermediate filaments and MT in BSC-1 
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cells, and Hirokawa et al (1985) observed links between 

cytokeratins and MF. Wolf and Mullens (1986) showed 

cytochalasin B to disrupt cytokeratins through a 

reorganization of MF. Sager et al (1986) showed the 

collapse of vimentin filaments by methylmercury. Thus, if 

the actions of CsA were due to alteration on another 

cytoskeletal component, or linking filament structure, there 

would have been an alternation in both MF and cytokeratin, 

or in MT and cytokeratin. This was not observed. This 

effectively rules out a secondary toxicity of CsA due to 

interaction on another cytoskeletal filament. 

Colombani (1986), has suggested that CsA interrupts 

the cell cycle at the Gi~S interface. It was reported by 

Aubin (1981) that the extensive arrays of vimentin and 

cytokeratin remain intact throughout the mitotic process, 

although evidence points to vimentin playing a more active 

role in mitosis. An interruption in cell cycle may explain 

the alternation in vimentin after longer exposure to CsA in 

culture. Since cytokeratin are not active in mitosis, it is 

inferred that collapse of cytokeratin arrays are not due to 

cell cycle. Furthermore, Becker et al (Becker, 1987) 

exposed LLC-PI^ cell cultures to 10~5 CsA and noted the rate 

of growth were decreased by as much as 80 %. The doubling 

time of CsA exposed cultures of PtK2 cells determined here 

at 42-48 hr, is therefore lengthened beyond the first 
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appearance of cytokeratin perinuclear ring formation and 

aggregate clumping. The first appearance of vimentin 

collapse is 48-72 hr, which agrees with a cell division 

longer than 42-72 hr in control cells. 

Finally, Colombani has shown CsA to alter calmodulin, 

and Ca dependent enzymes. It is clear from two dimensional 

electrophoretic gels that cytokeratin proteins can undergo 

phosphorylation reactions. It is not known if 

phosphorylation products cause assembly or disassembly of 

cytokeratin filaments, as was shown in the case of vimentin 

(Inagaki, 1987). Should cytokeratin filament formation be 

regulated by protein kinase enzymes it is entirely possible 

that the observed collapse of cytokeratin arrays is due to 

CsA inactivation of these protein kinases. Two dimensional 

electrophoretic gels give the indication that 

phosphorylation products of cytokeratin monomers do not 

appear decreased, as might be expected if the protein kinase 

enzymes necessary for cytokeratin phosphorylation were a CsA 

sensitive or Ca dependant enzyme. Unfortunately, 

quantitation of cytokeratin phosphorylation in the cellular 

matrix has not been demonstrated experimentally reliable. 

Further studies are needed in this area as well. 

Finally, does this selective CsA action on cytokeratin 

intermediate filaments relate to CsA nephrotoxicity? The 

cytokeratins are thought to provide mostly structural 
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support and cytoplasmic integrity, and provide a scaffolding 

platform on which cellular metabolism and mechanisms occur. 

It is doubtful that the epithelial kidney cell can repair 

major structural perturbations as rapidly as it can 

concentrate and metabolize or secrete CsA. An alteration 

in this structural support will necessary have some effects 

on cellular metabolism, if only to amplify the expression of 

mRNA for new cytokeratin or attachment proteins. Whether 

this means the primary target of CsA and the cause of CsA-

associated nephrotoxicity is alteration of cytokeratin 

filaments can not be conclusively shown by this experimental 

data. Rather than narrowing the search for CsA 

nephrotoxicity, this observation on cytokeratin arrays opens 

up new avenues of thought. The effects of CsA in the 

proximal tubular cell are varied and numerous. How all of 

the perturbations researchers have described interconnect 

will have to be addressed in future studies. 
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APPENDIX A 

Physiochemical Properties of Cyclosporine A 

Melting Point 148 - 151° C 

Elemental Analysis C 61.9%, H 9.5%, N 12.6%, 0 

15.8% 

Molar Mass (phys) 1201,842 ± 0.003 (mass 

spectrum) 

Formula C52 Hill Nll °12 

MW 1202.635 

Functional Groups 1 double bond 

I secondary hydroxyl group 

II amidecarbonyl (13C-NMR) 

Solubility Methanol >100 mg/g 

Ethanol >100 mg/g 

H20 0.04 mg/g 

Artificial 10~8 mg/ml 
Gastric juice 

Artificial 5 X 10~8 mg/ml 
Intestinal juice 

Acetone >50 mg/g 



APPENDIX B 

Ar.ino Acid Sequer.ee in Cyclosporine A 

MeLeu —— MeVal —— C- 9 ——— Abu Sar 
j 10 11 1 2 3 

MeLeu 9 

b 7 6 5 4 
D-Ala Ala MeLeu val MeLeu 

MeLeu Methyl Leucine 
MeVal Methyl Valine 
C-9 Hydroxy-diraethyl-amino-octenoyl 
Abu Amino butyric acid 
Sar Sarcosine 
D-Ala D-alanine 
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APPENDIX C 

Structure Kr.6 Sites of Metabolism in Cyclosporine A and G 
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a Metabolite nomenclature according to Maurer et al (1983). 
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APPENDIX D 

Classification of Human Cytokeratins by isoelectric pH 

Values and Apparent Molecular Weight by Two-Dimensional 

Electrophoresis 

65-67 

B S A 
6 4 ( 3 )  
59 (4 )  56.5 (10) 
5 8 ( 5 )  55 (12) 
56  (6 )  51. (13) 
54 (7 )  50 (14) 

50 (15) 
X48 (16) 

52 (8) 

46 (17) 
45 (18) 

basic acidic 

This Figure shows that human epithelial cytokeratins can be 

divided into acidic (type I) 9-19, and basic (type II) 1-8 

subfamilies. Multiple spots of keratins is at least due to 

phosphorylation products- Positions of bovine serum albumin 

(BSA) and 3-phosphoglycerate kinase (PGK) are shown. 

Numbers in parentheses are keratin nomenclature according to 

Moll et al (1982). 
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APPENDIX E 

Differentiation of Keratin Pairs 

^cidic (Type II Basic CTvoe lit Markers 

(10) (1/2) keratinized epithelium 

(12) (3) corneal epithelium 

(13) (4) stratified epithelium 

(14,15) (5) stratified epithelium 

(16) (6) hyperproliferative 
keratinocytes 

(17) (7) simple and some 
stratified epithelia 

(18) (8) simple epithelia, 
hepatocytes 

(19) no pair simple epithelia 
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