THE UNIVERSITY OF

7 WAIKATO Research Commons

gty 16 Whare Winanga o Waikato

http://researchcommons.waikato.ac.nz/

Research Commons at the University of Waikato

Copyright Statement:

The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand).

The thesis may be consulted by you, provided you comply with the provisions of the
Act and the following conditions of use:

e Any use you make of these documents or images must be for research or private
study purposes only, and you may not make them available to any other person.

e Authors control the copyright of their thesis. You will recognise the author’s right
to be identified as the author of the thesis, and due acknowledgement will be
made to the author where appropriate.

e You will obtain the author’s permission before publishing any material from the
thesis.


http://researchcommons.waikato.ac.nz/

















































































































































































































































































































































Figure 3.6 Representative illustration of MAdCAM-1, VCAM-1 and vWf
immunohistochemical staining on vascular endothelium in frozen
alveolar serial sections from the colostral phase of the bovine

mammary gland
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3.5.1.2 VCAM-1

The expression of VCAM-1 in mammary gland tissues from the four physiological
stages was compared. The positive staining of VCAM-1 was most pronounced in the
tissue samples from the colostral phase with expression in all four individual animals
at this physiological stage. There was VCAM-1 expression detected in alveolar
tissues of three individual animals from the lactation phase. There was little or no
expression of VCAM-1 in tissues collected at other stages. Table 3.5 shows the
number of untreated animals found to express VCAM-1 in the mammary gland at
various physiological stages.

Table 3.5 VCAM-1 expression in the mammary gland of untreated animals

The number of animals where expression of VCAM-1 was detected in alveolar,
cisternal and SMLN tissues at different physiological stages of the mammary gland
is shown.

Physiological stage of Proportion of animals per group
the mammary gland with VCAM-1 expression detected
Alveolar Cisternal SMLN
Pregnant 0/4 0/4 1/4
Colostral 4/4 4/4 4/4
Lactating 3/4 0/4 1/4
Involuting 0/4 0/4 1/4

SMLN - supramammary lymph node

Positive staining in the alveolar and cisternal tissues was detected on larger venules
that were also positively stained by vWf. The expression of VCAM-1 detected in
alveolar tissue samples from the colostral phase of the mammary gland is illustrated
in Figure 3.6. In alveolar tissues at this physiological stage, positive staining for
VCAM-1 was also visible around a number of the alveoli (Figure 3.6). This area did
not stain positively for vWf.

In the colostral alveolar and cisternal tissue samples, VCAM-1 expression was seen
on 50 — 100% of the vascular endothelium that was also stained positively with vWf,
as shown in Table 3.6. The staining in the lactation tissue samples was less
prevalent than that detected in the colostral stage, with VCAM-1 expression being
seen on 0 — 50% of the vascular endothelium that was also stained with VWf.

Expression was graded from 0 — 4: 0 = no VCAM-1 expression; 1 = 1 — 25% venules
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stained with VCAM-1 that stained with vWf; 2 = 25 — 50%; 3 = 50 — 75%; 4 = 75 —
100% (see section 3.4.2.2).

lllustration of positive staining of VCAM-1 in the SMLN is shown in Figure 3.7.
VCAM-1 expression was detected in SMLN tissue samples on both large and small
venules that were stained with vWf (Figure 3.7). In SMLN tissue samples, VCAM-1
was expressed on 0 — 50% of the vascular endothelium that also stained positively
with vWf (see Table 3.6).

Table 3.6 Proportion of endothelial venules in the tissues of the mammary gland
of untreated animals that stained positive for both VCAM-1 and vWf

Alveolar, cisternal and supramammary lymph nodes tissues were collected from
untreated animals at each of four physiological stages of the mammary gland.
Expression was graded from O - 4: 0 = no VCAM-1 expression; 1 = 1 - 25% venules
stained with VCAM-1 that stained with vWf; 2 = 25 - 50%; 3 = 50 - 75%; 4 = 75 -
100%. (Group average + SEM, n = 4). Different lowercase letters in superscript
indicate statistically significant differences for the tissue at different physiological
stages (p < 0.05).

Physiological Proportion of vascular endothelium
stage of the stained positive for VCAM-1
mammary gland that also stained positive for vWf
Alveolar Cisternal SMLN
Pregnant 0.0+0.0% 0.0+0.0° 0.8+0.8°
Colostral 4.0+0.0" 37203° 25%0.5°
Lactating 1.8+0.6° 0.0+0.0° 0.8+0.8%
Involuting 0.0 +0.0° 0.0 +0.0° 20+1.4%°

SMLN - supramammary lymph node
vWf - von Willebrand factor

3.5.1.3 PNAd

The expression of PNAd detected in the SMLN is illustrated in Figure 3.7. Positive
staining was seen in the SMLN samples of all animals, at all physiological stages of
the mammary gland. PNAd expression was detected in 25 — 100% of the endothelial
venules that were also stained with vWf. The proportion of PNAd staining compared
with vWf staining for different physiological stages of the mammary gland is shown in
Table 3.7.

No PNAd was detectable in alveolar or cisternal mammary tissue samples from the
pregnant, colostral, lactation or involution stages.
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Figure 3.7 Representative illustration of VCAM-1, PNAd and vWTf immuno-
histochemical staining on vascular endothelium in frozen bovine
supramammary lymph node tissues from the colostral phase
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Table 3.7 Proportion of endothelial venules in the supramammary lymph nodes of
untreated animals that stained positive for both PNAd and vWf

Supramammary lymph nodes were collected from untreated animals at each of four
physiological stages of the mammary gland. Expression was graded from O - 4: 0 =
no PNAd expression; 1 = 1 - 25% venules stained with PNAd that stained with vWf; 2
=25 -50%; 3 =50 - 75%; 4 = 75 - 100%. (Group average + SEM, n = 4). Different
lowercase letters in superscript indicate statistically significant differences at
various physiological stages (p < 0.05).

Physiological Proportion of vascular endothelium
stage of the stained positive for PNAd
mammary gland that also stained positive for vWf
Pregnant 23+05°
Colostral 20+0.72
Lactating 40+0.0°
Involuting 35+0.3*°

3.5.2 Immunohistochemical characterisation of vascular addressin
receptor expression on lymphocytes in the untreated

mammary gland

Lymphocytes in the mammary gland were detected by immunohistochemical analysis
using pan T cell (MM1A) and pan B cell (BB2) monoclonal antibodies. T cells were
found to be widely distributed throughout the interstitial spaces of alveolar and
cisternal regions, with no large variation in numbers apparent for the different
physiological stages of the mammary gland. In contrast, no B cells were detected in
alveolar or cisternal tissue samples at any physiological stage. In the SMLN, both T
and B cells were evident. Similar to characteristic aggregation patterns described in
other studies of lymph nodes and Peyer's patch tissue, B cells were isolated in
follicular regions with T cells observed mostly at the periphery of follicles and also
scattered throughout the tissue. lllustrations of immunohistochemical staining of pan
T cells and pan B cells in Peyer's patches and the SMLN are shown in Figure 3.8
and Figure 3.9, respectively.

Immunohistochemical analysis of alveolar and cisternal tissues and SMLN tissues

revealed no lymphocytes expressing B7, the cell-surface receptor for MAdCAM-1.

There was no evidence of these cells in the tissues at any physiological stage of the
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Figure 3.8 Representative illustration of immunohistochemical staining of CD3-,
BB2- and B7-positive cells in bovine Peyer's patch tissues
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Figure 3.9 Representative illustration of immunohistochemical staining of CD3-,
BB2- and CD62L-positive cells in bovine supramammary lymph node
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mammary gland. However, the 37 monoclonal antibody did stain cells in bovine
Peyer's patch tissues (see Figure 3.8).

Lymphocytes expressing CD62L (L-selectin) were detected in the SMLN (see Figure
3.9) and expression did not appear to vary with the different physiological stages of
the mammary gland. Difficulties were encountered assessing L-selectin positive
staining in alveolar and cisternal mammary gland tissues due to non-specific staining
encountered with this monoclonal antibody in these tissues.

3.5.3 MAdCAM-1 mRNA expression in the untreated mammary
gland

3.5.3.1 Detection of MAdCAM-1 mRNA in the untreated mammary gland using
RT-PCR

A purified DNA product, amplified by RT-PCR using the primers designed from the
TIGR EST DNA sequence of bovine MAACAM-1 and mRNA extracted from bovine
Peyer’'s patch tissue, was sequenced. A perfect match was achieved between this
DNA sequence and the TIGR EST DNA sequence, establishing that the primers were
amplifying the correct sequence.

Initially, when expression of MAACAM-1 mRNA was assessed in alveolar mammary
tissue samples from four cows at each of four different physiological stages of the
mammary gland, results showed significant levels of MAACAM-1 mRNA in pregnant
and colostral phase tissue samples, with lower levels of mMRNA in tissue samples
from the lactation and involution phase. However, expression was also detected in
control samples that lacked the reverse transcriptase and thus had no cDNA formed
from mRNA. This result suggested that the mRNA samples were contaminated with
genomic DNA. To eliminate this contamination, samples were treated with DNase
and re-purified. Following this treatment, weak but discernible levels of MAdCAM-1
mRNA were still detectable in some samples for mammary alveolar tissue samples

from all physiological stages.

3.5.3.2 AQuantitative analysis of MAdCAM-1 mRNA in the untreated mammary
gland

The efficiencies of the real-time PCR reactions for MAACAM-1 and B-actin were
calculated by the Lightcycler software (Roche) to be 1.848 and 1.814, respectively
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(Figures 3.10 and 3.11). To assess the accuracy and reproducibility of the real-time
PCR intra-assay precision was determined in five repeats of one sample within a
Lightcycler run and inter-assay variation was determined using one sample in five
different experimental runs performed on five days. The coefficient of variation for the
cycle number value within assay was 0.61% and between assays was 1.60%.

Levels of MAACAM-1 mRNA in the alveolar mammary tissue samples from four cows
at each of four different physiological stages of the mammary gland were compared
with levels of mRNA in four different samples of Peyer's patch tissue. Data reported
as the level of MAACAM-1 mRNA relative to the level of B-actin mRNA are shown in
Table 3.8. The average value for the mammary tissues at each of the four
physiological stages was divided by the average value for the Peyer's patch tissues
to obtain a gene expression level of MAACAM-1 for mammary gland tissues relative
to Peyer’s patch tissues. The results obtained indicate that alveolar mammary gland
tissue contained 4.7 — 9.1 x 10°-fold lower MAdCAM-1 mRNA than Peyer's patch
tissues (Table 3.8). This difference was highly significant (p < 0.001). There was no
significant difference for levels of MAACAM-1 mRNA between any of the different
physiological stages of the mammary gland.

Table 3.8 MAdCAM-1 gene expression in the mammary gland of untreated cows
compared with that in bovine Peyer's patch tissues

Level of MAdCAM-1 mRNA (relative to B-actin) in bovine Peyer's patch tissue
compared with alveolar tissue samples from the bovine mammary gland of pregnant,
colostral, lactation, and involution phases (n = 4).

Tissue MAJdCAM-1 mRNA relative = Mammary gland compared
to B-actin mRNA® to Peyer's patches®

Peyer's patch 70.380 + 8.022 100.00

Mammary gland*

Pregnant 0.008 + 0.001 0.011

Colostral 0.012 + 0.008 0.017

Lactation 0.018 + 0.006 0.026

Involution 0.015+ 0.003 0.021

a. The level of MAdCAM-1 mRNA is relative to the level of B-actin mRNA. The results are reported as
the group average + SEM.

b. The comparison of the expression of MAdCAM-1 mRNA in the mammary gland compared with Peyer's
patch is obtained by dividing the group average relative level of MAdCAM-1 mRNA in the mammary gland
by the average relative level of MAdCAM-1 mRNA in the Peyer’s patch samples.

* alveolar tissue from the mammary gland
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Figure 3.10 Amplification curves and standard curve for MAdCAM-1 real-time
PCR

A, Real-time PCR amplification curves for five 10-fold serial dilutions of MAdCAM-1
¢DNA;  cycle number plotted against fluorescence (530 nm) B, Representative
standard curve of MAdCAM-1 used to determine the efficiency of the real-time PCR
reaction required for the relative quantification of mRNA in unknown samples. Log

concentration of the dilution of MACAM-1 cDNA is plotted against the cycle
number at the crossing point.
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Figure 3.11 Amplification curves and standard curve for B-actin real-time PCR

A, Real-time PCR amplification curves for five 10-fold serial dilutions of B-actin
cDNA, cycle number plotted against fluorescence (530 nm), B, Representative
standard curve of B-actin used to determine the efficiency of the real-time PCR
reaction required for the relative quantification of mRNA in unknown samples. Log
concentration of the dilution of B-actin cDNA is plotted against the cycle number at
the crossing point.
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3.6 Discussion

The results presented in this chapter indicate that the vascular addressins involved in
trafficking lymphocytes into the bovine mammary gland may differ from those
described in the literature for the mouse. In contrast to the studies in the mouse
where MAdCAM-1 expression was reported in the pregnant and lactating mammary
gland (Tanneau et al., 1999; Van der Feltz et al., 2001), in the present study no
MAdJCAM-1 was detected in bovine mammary gland tissues by immunohistochemical
analysis. This finding was substantiated by quantitative real-time PCR analysis.
Although levels of MAACAM-1 mRNA were detectable in the bovine mammary gland
tissues, these levels were very low especially when compared with mRNA levels
detected in bovine Peyer’s patch tissues.

There may be several explanations as to why no MAACAM-1 protein was detected in
the bovine mammary gland tissues. The simple explanation is that there may be no
MAJCAM-1 protein expressed in the bovine mammary gland. Although the ruminant
vascular addressin profile is similar in most respects to other species (Abitorabi et al.,
1996; Rebelatto et al., 2000), the mammary gland may diverge from this pattern.
The ruminant mammary gland is unique in that IgG; is the predominant
immunoglobulin in mammary secretions and IgA levels are low, whereas in other
species, IgA is a predominant immunoglobulin in early milk (Butler, 1974). Therefore,
it is feasible that the low levels of IgA observed in bovine mammary secretions may
be because the cow does not have, or does not activate, the homing mechanisms,
including the mucosal addressin MAdCAM-1, required to attract lymphocytes of
mucosal origin to the gland.

Although MAdCAM-1 protein expression has been found in the mouse mammary
gland in several studies (Streeter et al., 1988a; Tanneau et al., 1999; Van der Feltz et
al., 2001) another study failed to detect this addressin (Finke and Acha-Orbea,
2001). The Finke and Acha-Orbea study also investigated lymphocyte homing,
however, there were major differences compared with the other murine studies:
lymphocytes were isolated from the draining mammary lymph nodes of one animal
and adoptively transferred to naive recipients and their progress tracked. No
reference was made to the physiological phase of the mammary gland in the
recipients, although the histology shown suggests that the animals were in the
lactation phase. In two of the other studies (Tanneau et al., 1999; Van der Feltz et
al., 2001), it was noted that the MAdJCAM-1 expression in the mammary gland
decreased as lactation advanced, although it was still detectable, so this would not
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fully explain the lack of detection in the Finke and Acha-Orbea study. One
explanation for the differences observed for MAdACAM-1 expression between the
murine studies may be due to the different primary antibodies the authors used to
detect MAAJCAM-1. MECA- 367, the monoclonal antibody used in the Tanneau et al.
(1999) and Van der Feltz et al. (2001) studies is reported to bind the first domain of
MAdCAM-1 and block MAACAM-1-dependent binding in vitro (Streeter et al., 1988a).
MECA-89, the monoclonal antibody used in the Finke and Acha-Orbea (2001) study
is reported to bind the second domain of MAACAM-1 and does not block MAdCAM-1
dependent binding in vitro (Streeter et al., 1988a).

In the experiments described in this chapter, the primary antibody chosen to detect
MAdCAM-1 was shown to be very important. No positive binding to bovine Peyer's
patch endothelial cells was observed using the monoclonal antibody specific for
mouse MAdCAM-1 (MECA-367) and MECA-367 was shown subsequently to not
cross-react with bovine MAdACAM-1. The monoclonal antibody for human MAdCAM-
1 (7G11) positively stained endothelial cells in bovine Peyer's patches and
mesenteric lymph nodes, but not in bovine mammary gland tissues. In humans,
MAdCAM-1 has several isoforms (Leung et al., 1997; Leung et al., 1996; Sampaio et
al., 1995; Schiffer et al., 1995) and this may also be the case in the cow. An antibody
that recognises MAdCAM-1 in Peyer's patches and mesenteric lymph nodes may not
necessarily detect MAACAM-1 in the mammary gland if the proteins are expressed
as different variants in the different tissues. On the other hand, in the mouse, MECA-
367 was used to detect MAACAM-1 in both the Peyer's patch and the mammary
gland (Abitorabi et al., 1996). In a bovine study, the human MAdCAM-1 monoclonal
antibody 7G11 positively detected MAACAM-1 in Peyer's patches, mesenteric lymph
nodes and nasal/pharyngeal regions (Rebelatto et al., 2000). Therefore, overall it
would seem reasonable to assume that 7G11 would detect MAACAM-1 in the bovine
mammary gland if it were present.

Timing at which the tissue samples were taken from the bovine mammary gland is
one possible explanation for the failure to detect MAACAM-1. The cows were 33 —
34 weeks pregnant when sampled for the pregnant phase, which is during the last
quarter of gestation. However, in comparison, mice sampled on Day 12
approximately half way through their pregnancy had significant MAdCAM-1
expression in the mammary gland (Tanneau et al., 1999; Van der Feltz et al., 2001).
Peak MAdCAM-1 expression in the murine mammary gland was just prior to
parturition and declined as lactation progressed. Therefore, it could be expected that
if MAACAM-1 was expressed in bovine mammary tissues, it would be apparent in
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