
Regulation of Bovine Mammary
Epithelial Cell Response by Autocrine

IGF-I and by Collagen I Gel

Rose Marie Robinson

ABSTRACT

Understanding how insulin-like growth factor-I (IGF-I) signaling in mammary epithelial

cells may be modified or interrupted by modifications in the cellular environment may

lead to 1) methods to increase the growth and proliferation of normal mammary epithelial

cells for an increase in the amount of milk produced on a per animal basis or to 2) the

development of medical interventions to disrupt the growth and proliferation of

cancerous mammary epithelial cells.  IGF-I, a signaling protein provided by stromal cells

and through the bloodstream, stimulates the proliferation of mammary epithelial cells and

is crucial for mammary development.  Collagen I is an extracellular matrix protein

(ECM) found in skin and in other connective tissues throughout the body.  The guiding

question in this dissertation was how IGF-I signaling and how binding protein profile

were influenced by autocrine IGF-I and by collagen I.  The MAC-T cell line was chosen

as the cell model utilized in these investigations because it is an immortalized bovine

mammary epithelial cell line known to retain hormonal responsiveness to IGF-I.
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It was hypothesized that the production of IGF-I by mammary epithelial cells (autocrine

secretion) would alter the response of these cells to additional IGF-I by de-sensitizing the

IGF-I receptor on the cell surface.  The normal mammary epithelial cell does not produce

IGF-I and responds to IGF-I supplied either by stromal cells (paracrine pathway) or

through the bloodstream (endocrine pathway).  The IGF-I secreting bovine mammary

epithelial cell line was investigated for the response of the cells to autocrine IGF-I, and

the response was compared to the normal, parental cell line.  To examine the effect of

autocrine IGF-I on the cells, IGF-I was added both to MAC-T cells and to cells

transfected to secrete IGF-I (SV40-IGF-I).  The cell response of the two cell lines was

compared using microphysiometry, a tool that measures IGF-IR stimulation by detecting

resultant extracellular acidification.  It was found that the SV40-IGF-I cell line retains

IGF-I receptor sensitivity, yet, unlike the parental cell line, does not proliferate in

response to IGF-I.  Both cell lines exhibited increased protein synthesis in response to

IGF-I as measured by amino acid uptake (AIB incorporation), but the lack of a

proliferation response to additional IGF-I in the SV40-IGF-I cell line suggested that the

autocrine cell line exhibited an un-coupling of IGF-IR stimulation with downstream cell

proliferation.  Both autocrine IGF-I and added IGF-I increased the amount of IGFBP-3

secreted by the cells into growth media.

Additionally, it was hypothesized that the presence of collagen I, an important ECM

protein, would alter the cell production of insulin-like binding protein-3 (IGFBP-3), a

protein that modulates IGF-I interaction with the IGF-I receptor (IGF-IR).  The literature

reports that surface substrate can affect the phenotypic expression of cells, presumably
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via interaction with integrins, the cell surface receptors that connect cells to ECM

proteins and that are responsible for cell adhesion and for cell migration.  It was

hypothesized that the MAC-T cells would interact with a collagen I surface (possibly via

the a2b1 integrin) and that the stimulation of this transmembrane signaling molecule

would in turn impact the IGF-I signaling pathway.  Comparison studies on tissue culture

plastic, collagen I BIOCOAT, and collagen I gel were performed.  It was found that

collagen I gel increased IGFBP-3 secretion and decreased insulin-like binding protein-2

(IGFBP-2) secretion in MAC-T cells. The collagen I BIOCOAT did not induce this

response.

Additional studies were performed to determine if there were differences in IGF-IR

phosphorylation, exogenous IGF-I utilization, and IGFBP mRNA production by cells

cultured on the three different substrates.  IGF-IR phosphorylation was only evident

following the addition of IGF-I to MAC-T cells on all three substrates.  Measurement of

residual IGF-I present in the cultured media of cells on all three substrates by

radioimmunoassay did not reveal any differences in the amount of IGF-I present.

Northern blot analysis revealed that the addition of IGF-I caused an increase in detected

IGFBP-3 mRNA and a decrease in detected IGFBP-2 mRNA across all three surfaces.

As measured by ligand blot analysis, cells cultured on all three surfaces showed an

increase in IGFBP-3 protein in the media with IGF-I addition, and the collagen I gel

showed more IGFBP-3 protein than the other two surfaces.  However, cells cultured on

collagen I gel showed a decrease in IGFBP-2 protein expression compared to cells

cultured on tissue culture both with and without the addition of IGF-I.  Cells cultured on
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tissue culture plastic and on collagen I BIOCOAT did not show a decrease in IGFBP-2 to

correspond with the decreased IGFBP-2 mRNA detected in the presence of IGF-I on all

three substrates.  DNA assays to detect cell proliferation revealed no differences in cell

DNA content in the absence of exogenous IGF-I and revealed similar increases in

response to IGF-I addition on all three substrates.

In conclusion, it was found that autocrine IGF-I un-couples increased IGF-IR stimulation

by exogenous IGF-I from a downstream cell proliferation response.  IGFBP-3 inhibits the

ability of IGF-I to interact with the IGF-IR in MAC-T cells and inhibits subsequent cell

proliferation.  Collagen I gel increases IGFBP-3 secretion and decreases IGFBP-2

secretion by MAC-T cells.

The relevance of this work is that it adds to the body of knowledge in understanding

cellular function in mammary epithelial cells.  It is known that the growth and the

maintenance of living tissue are dependent on an intricate system of intercellular and

intracellular responses which are orchestrated by the movement and secretion of proteins

and other molecules.  Goals of understanding mammary epithelial cell function include

having the means to find ways to increase cell functionality via bioengineering and

having the means to find ways to restore cells to normal function in disease processes

such as cancer.
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