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F ig u r e  10 .29  A lk a l in e  ph o sph a ta se  a c t i v i t y  o f  a n im a l on TPN f o r  fo u r  
days and th en  on TPN URO-EGF ( i v  f o r  two days (x  4 ) .

F ig u r e  10 .3 0  A c t i v i t y  o f  a l k a l in e  phospha ta se  on b ru sh  b o rd e r  o f  
a n im a l on. TPN f o r  fo u r  days and th en  t r e a t e d  f o r  two 
days  w it h  URO-EGF (x  25 ) .
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Figure 10.31 Alkaline phosphatase activity of animal on TPN for four 
days and then on TPN plus 60 /vg three days URO-EGF 
(i.v.) (x 4).

Figure 10.32 Activity seen in the villus tip area of URO-EGF treated 
animal on TPN for four days then treated with URO-EGF 
for three days (x 25).
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Figure 10.33 SDS-PAGE gel silver stained.

A and N = Molecular weight markers
G = glucose.oxidase Mr 120K, B = Bovine serum 

albumin Mr 66K
0= ovalbumin M 45K, Gp - glyceraldehyde-3- 

phosphate dehydrogenase M 36K, T - 
trypsinogen Mf 24K

Lanes B-F
Small intestine Mg precipitated; sucrose 
gradient fractionated, microvillus 
membrane preparations

B

C = animal on TPN for three days
D

=
animal on TPN for three days; URO-EGF for 
one day

E animal on TPN for three days; URO-EGF for 
two days

F
=

animal on TPN for three days; URO-EGF for 
three days

Lanes G-M are total Mg2+ precipitation of colon

G = feeding animal colon preparation
H = colon of animal on TPN for three days
K = colon of animal on TPN for three days; 

URO-EGF for one day
L colon of animal on TPN for three days; 

URO-EGF for two days
M colon of animal on TPN for three days; 

URO-EGF for three days

1, 2, 3 = proteins which diminish on TPN but they are 
resynthesised with URO-EGF treatment

4 S3 protein stable throughout treatment in both
small intestine and colon Mr =s 66K

5 = protein which diminishes in TPN in small
intestine but is present in colon and 
throughout treatments

= protein Mr = 370K which is present in colon 
but on URO-EGF treatment is seen to be 
present in much higher quantities. This 
protein is also present in the small 
intestine.

6
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Figure 10.34 The scanned protein profile of small intestine 
microvillus membranes (Lane 3 of Figure 10.33). 
Molecular weight markers are: G, glucose oxidase 
120K; 3, Bovine Serum Albumin 66K; 0, ovalbumin M‘ 
45K; G , glyceraldehyde 6-phosphate dehydrogenase 
36K ana T, trypsinogen 24K.

Figure 10.35 The scanned protein profile of TPN small intestine 
(Lane C on Figure 10.33). Molecular weight markers 
are: G, glucose oxidase M 120K; B, Bovine Serum
Albumin Mr 66K; 0, ovalbumin- 45K; Ga ,
glyceraldehyde 6-phosphate dehydrogenase X  36K and T, 
trypsinogen 24K. The 370K protein is" diminishing 
with placement on TPN.
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Figure 10.36 The scanned protein profile of TFN samll intestine 
after 1 day URO-EGF treatment (Lane D on Figure 10.33) . 
Molecular weight markers are: G, glucose oxidase M, 
120K; 3, Bovine Serum Albumin M 66K; 0, ovalbumin 
45K; G , glyceraldehyde 6-phosphate dehydrogenase M’ 
36K and* T, trypsinogen 24K.

Figure 10.37 The scanned protein profile of TPM small intestine 
after two days treatment with URO-EGF (this is Lane F 
on Figure 10.33). Molecular weight markers are: G, 
glucose oxidase M 120K; B, Bovine Serum Albumin IM, 
66K; 0, ovalbumin M 45K; G , glyceraldehyde
6-phosphate dehydrogenase M 36K anc? T, trypsinogen M 
24K. r c
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Figure 10.38 The scanned protein profile of TFN small intestine 
after three days treatment with URO-EGF (this is Lane F 
on Figure 10.33). Molecular weight markers are: G, 
glucose oxidase 120K; B, Bovine Serum Albumin M 
66K; 0, ovalbumin Mr 45K; G , glvceraldehyde
6-phosphate dehydrogenase M 36K and? T, tp/psinogen M 
24K. It is possible this lane may have been 
overloaded with protein.

Figure 10.39 The scanned protein profile of TPN colon Mg2 + 
precipitate (this is Lane H on Figure 10.33). 
Molecular weight markers are: G, glucose oxidase M. 
120K; B, Bovine Serum Albumin Mr 66K; 0, ovalbumin M‘ 
45K; G , glyceraldehyde 6-phosphate dehydrogenase M. 
36K anc? T, trypsinogen M 24K.
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Figure 10.40 The scanned protein profile of TPN colon Mg 2+ 
precipitate after 1 day URO-EGF treatment (this is Lane 
K on Figure 10.33). Molecular weight markers are: G, 
glucose oxidase M 120K; B, Bovine Serum Albumin M_ 
66K; 0, ovalbumin M„ 45K; G , glyceraldehyde
6-ohoscnate dehydrogenase’ M 36K and T, tryosinogen M 
24K. ‘ C

Figure 10.41 The scanned protein profile of TPM colon Mg2 + 
precipitated after three days of URO-EGF treatment. 
Note the appearance of the band at 370K (this is Lane M 
on Figure 10.33). Molecular weight markers are: G, 
glucose oxidase Mr 120K; 3, Bovine Serum Albumin M 
66K; 0, ovalbumin M 45K; G , glyceraldehyde
6-phosphate dehydrogenase M 36K and T, trypsinogen M 
24K. c c
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Figure 10.42 The scanned profile for TPN small intestine 
superimposed upon the profile for normal feeding small 
intestine (Lane C upon Lane B of Figure 10.33). 
Molecular weight markers are: G, glucose oxidase 
120K; B, Bovine Serum Albumin 66K; 0, ovalbumin J'f 
45K; G , glyceraldehyae 6-phosphate dehydrogenase M' 
36K and* T, trypsinogen Mf 24K. c

Figure 10.43 The scanned profile of TPN small intestine 1 day after 
treatment with URO-EGF upon normal feeding small 
intestine (Lane D upon Lane B of Figure 10.33). 
Molecular weight markers are: G, glucose oxidase 
120K; B, Bovine Serum Albumin M 66K; 0, ovalbumin- 
45K; G , glyceraldehyde 6-phosphate dehydrogenase 
36K anc? T, trypsinogen M 24K.
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Figure 10.44 The protein profile of TPN small intestine two days 
after URO-EGF treatment superimposed upon the profile 
for normal feeding small intestine (Lane E of Figure 
10.33 superimposed upon Lane B). 1, 2, 3 appear to be
present in greater quantity in the treated group. (__
URO-EGF; __ normal feeding). Molecular weight markers
are: G, glucose oxidase Mf 120K; B, Bovine Serum
Albumin Mr 66K; 0, ovalbumin 45K; G ,
glvceraldehyde 6-phosphate dehydrogenase *M 36K and 
trypsinogen Mr 24k .

Figure 10.45 The protein profile of TPN small intestine three days 
after URO-EGF treatment superimposed upon the profile 
for normal feeding small intestine (Lane F of Figure
10.33 super imposed upon Lane B). (... URO-EGF; ___
normal feeding). 1, 2, 3 appear to be in greater 
quantity. Molecular weight markers are: G, glucose 
oxidase Mr 120K; B, Bovine Serum Albumin Mf 66K; O, 
ovalbumin M 45K; G , glyceraldehyde 6-phosphate 
dehydrogenaserMr 36K anc? T, trypsinogen Mr 24K.
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Figure 10.46 The scanned protein profile of TPN colon upon normal
feeding colon (... TPN; __ normal feeding). The
patterns are very similar (Lane H upon Lane G Figure 
10.33). Molecular weight markers are: G, glucose
oxidase Mf 120K; B, Bovine Serum Albumin Mf 66K; 0, 
ovalbumin M 45K; G , glyceraldehyde 6-phosphate 
dehydrogenase Mr 36K an<3 T, trypsinogen 24K.

Figure 10.47 The scanned profile of TPN colon after 1 day URO-EGF
treatment upon feeding colon profile (... URO-EGF; ___
normal feeding, Lane K superimposed upon Lane G on 
Figure 10.33). Molecular weight markers are: G,
glucose oxidase M 120K; B, Bovine Serum Albumin M. 
66K; 0, ovalbumin Mr 45K; G , glyceraldehyde
6-phosphate dehydrogenase M 36K anct T, trypsinogen M 
24K.
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Figure 10.48 The scanned profile of TPN colon after three days 
URO-EGF treatment upon normal feeding colon (...
(JRO-EGF; __ normal feeding, Lane M superimposed upon
Lane G of Figure 10.33). Possible that treated sample 
is overloaded but the 370K is expressed more in the 
treated animal. Molecular weight markers are: G, 
glucose oxidase 120K; B, Bovine Serum Albumin M. 
66K; 0, ovalbumin M„ 45K; G , glyceraldehyde 
6-Dhosohate dehydrocenase M ' 36K and T, tryosinogen M 
24K. ' " c

intestine is sucrose gradient fractionated whereas the 
colon sample is a single Mg“+ precipitation). Some 
similarities in profiles can be seen. Molecular weight 
markers are: G, glucose oxidase M„ 120K; B, Bovine 
Serum Albumin 66K; 0, ovalbumin M 45K; G , 
glyceraldehyde 5-phosphate dehydrogenase Mr 3oK and T, 
trypsinogen M 24K.
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SUMMARY OF TPN AND URO-EGF
The role of URO-EGF in the control of cell proliferation and 

differentiation in the adult gastrointestinal tract is still 

uncertain. The presence of the factor in salivary and Brunner's 

glands suggest that it may be important. This present work has shown 
that intravenous URO-EGF is capable of inhibiting the onset of the 

hypoproliferative response in the gut to TPN and that it can stimulate 

a hypoproliferative intestine to become hyperproliferative (Chp 5,6 &

8). It has also shown that there exists regional responses to I.V. 
administration of URO-EGF. The colon would seem to respond in a more 

dynamic way, than the rest of the gut, to the presence of high doses 
of URO-EGF. Similar effects have been seen in the tract of suckling 
animals and here again the colon is the most responsive region to the 

factor (Arsenault & Menard 1987). The reason for the colon being more 
responsive is unclear but it could be due to synergism with other 

factors (enteroglucagon?) or differences in receptor populations. 

This obviously merits further investigation.

The intragastric infusion of URO-EGF into the stomach of adult 
animals maintained by TPN does not seem to elicit any proliferative 

response (as determined by our assay procedures). This suggests that 
in a mucosa which does not suffer from damage (for example 
ulceration), given gastrically, the factor cannot act as a mitogenic 
or maintenance factor. Recently the work of Konturek (Konturek et al 

1987) has demonstrated that endogenous EGF is concentrated around the 

margins of experimentally produced ulcers. Is URO-EGF necessary for 
the healing of the ulcer? When sialoadenectomy is performed, the

healing time of the ulcer is prolonged. When URO-EGF is given either 

orally or systemically to such animals, the healing process is 
accelerated. The oral administration of URO-EGF does not inhibit 
gastric acid secretion. In Konturek's study the ulcerated mucosa 

responded to oral URO-EGF with proliferation occurring but no 

inhibition of acid secretion. (We have argued that the receptors for 

URO-EGF must be basolaterally situated and only those on crypt cells

CHAPTER 11
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are active in cell proliferation events). Konturek's work can be 

explained by either the factor acting directly on the epithelium or 

that URO-EGF entering the enterohepatic circulation is modified and 

whilst retaining mitogenic properties, loses the ability to inhibit 
acid secretion. There is URO-EGF present at the margins of the ulcer 
and some of this may be from the breakage of platelets, which would be 

present as part of the wound healing response, but since there is a 
delay in healing with sialoadenectomy, URO-EGF in the saliva must be 
involved in the healing process. A physiological role for URO-EGF has 

been discovered for sperm maturation (Tsutsumi et al 1986). 

Sialoadenectomy causes a reduction (over 50%) in mature sperm, 

spermatids and spermatocytes (the levels of testosterone and 
follicle-stimulating hormone are normal). The subcutaneous

administration of the factor will reverse these effects. The proposal 

is that URO-EGF has a role in stimulating the meiotic phase of 

spermatogenesis.

When animals are allowed to eat food and are continuously infused 

with an acid secreting inhibiting dose (300pg/kg/day) there is an 
indication that cell production can be stimulated. Interestingly, the 
salivary glands respond to exogenous URO-EGF with proliferation 
occurring in the ductal acini. The significance of this effect is 

unknown.
The effects of URO-EGF on cell differentiation has been 

investigated by several techniques. There are changes in the patterns 
of microvillus membrane proteins (shown by SDS-PAGE) with some high 
molecular weight and as yet unidentified proteins being synthesised in 

response to the factor. The colon responds to the factor by producing 

novel (or increased levels of) proteins that are not found in normal 
feeding animals.

A physiological role for URO-EGF in the adult intestine is 

perhaps one in which crypt cells that are capable of proliferation 
respond to the factor when they are presented with it. These cells 
might not normally see much of URO-EGF unless there is tissue damage, 

as in ulceration or when loss of tissue integrity occurrs.

The levels of URO-EGF in the plasma are low 2ng/ml (Byyny et al 1974) 
and could in fact be much lower than this (Savage et al 1986). It is
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readily apparent that if there are high levels of URO-EGF capable of 

producing a proliferative response in a receptive cell, then
intraveous infusion of enough URO-EGF will cause this to happen. The 

colon is very responsive to the presence of the factor and the 

occurrence of crypt fission would suggest that there has been a 
stimulation of stem cell division. The detailed analysis of the cell 

type in the crypt responding to the factor is important work and

should be carried out in order to try and delineate in a more precise 
way, the mode of action of the factor.

In the neonate, the factor would seem to be important in
directing maturation of the intestine. The neonate itself does not 

seem to be responsible for producing much of the URO-EGF found in its 
tissues. mRNA can only be detected in the kidneys 2 weeks postpartum

and in the salivary glands after weaning (Popliker et al 1987). The

neonate therefore, receives its EGF from the milk where the
concentration is high (20-lllng/ml Breadmore et al 1983). The work 

of Menard (Menard et al 1986) suggests that the action may not be a 
direct one but the factor is responsible for interacting with and/or 
stimulating the production of hormones or other factors. So, in

the developing neonatal animals its physiological role would appear to

be as a growth promoting agent for intestinal maturation, whereas in
the adult it is primarily a factor involved in maintaining the 

integrity and hence function of the intestine.
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CHAPTER 12

VILLUS CELL MIGRATION PATTERNS

An integral part of the renewal process in the small intestine is 

the movement/migration of cells from their birth in the crypts of 

Lieberkuhn to the villus tip. In early labelling studies, using the 

radiolabelled DNA precursor tritiated thymidine, it was shown that the 

migration of labelled cells was from crypt onto the villus and towards 

the villus tip (Quastler and Sherman, 1959). This technique, however, 

does not allow for the precise pathway taken by the emerging cells to 

be determined. Hence, it has been suggested that cells might move in 

a spiral around the villus (Clarke, 1973; Carr et al, 1981) or in 

discrete cohorts (Potten et al, 1982a, b). Partridge and Simpson 

(1980) considered, from scanning electron microscope observations, 

that considerable cell mixing with the formation of 'traffic jams' at 

the base of the villus occurred. In neonatal pigs, Smith and Jarvis 

(1978) showed that cell mingling on the villus was taking place. 

There has also been much debate on the possibility that the emergent 

cells from a single crypt may feed cells onto more than one villus 

(Potten et al, 1982a) but until now this has been impossible to prove 

directly. A marker for villus cells is required which will allow the 

mapping of the pathway. The use of cytochemical technique, such as 

demonstration of alkaline phosphatase, is again very limited, since 

all columnar villus cells will react.

To answer this question what is required is a method whereby the 

progeny from a single crypt can be identified and followed. This’snow 

possible by the advent of mouse aggregation chimaeras (Mintz, 1971) 

and a recently described carbohydrate polymorphism affecting the 

intestinal epithelium of different strains of inbred mice (Ponder and



-  24 1  -

Wilkinson, 1983; Schmidt et al, 1985a). Chimaeras are made by the 

aggregation in vitro of four-eight cell embryos of different strains. 

The aggregated embryos are then implanted in a pseudopregnant 

'incubation mother' where they develop to term (McLaren, 1976; Mintz, 

1971). Ponder discovered that a C57B1/6J mouse intestine would bind 

the lectin Dolichos biflorus agglutinin (DBA) and a RHI/ro mouse 

would not. The validity of DBA as a mosaic marker was established by 

comparison of the DBA staining patterns with those revealed when H2 

antigens were used as markers (Ponder et al, 1983a, b). In chimaeric 

mice C57B1/6J and RHI/ro it turns out tht the crypts are either 

positive or negative (see Figure 12.1) to DBA-peroxidase staining, 

mixed crypts are not found (Ponder et al, 1985). The villi can be 

either homogenous or hetergenous depending upon which crypts are 

feeding it with cells (see Figure 12.2).

We have made use of this system to determine the migration 

pathway of cells from crypt to villus.

MATERIALS AND METHODS

RIII/ro and C57B1/6J mice were bred at the MRC Laboratories, 

Carshalton. Aggregation chimaeras were made between these strains by 

Dr Maureen Wood as described in Ponder et al (1983). The chimaera 

used was an 8 week old male and was kindly given to us by Dr B A J 

Ponder.

The mouse was killed by cervical dislocation and the intestine 

removed. It was opened along its mesenteric edge and allowed to 

adhere by its serosal aspect to pieces of card. It was then cut into 

smaller pieces and fixed in Carnoy's fluid for 4 hrs and then 

transferred to 70% alcohol. The tissue was dehydrated through graded 

alcohols and embedded in paraffin in such awmj as to give tangential
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sections of intestine, that is cross-sections of villi and crypts. 

Serial sections of duodenum and ileum were cut from villus tips to 

crypt base, at 4.5 //m intervals.

Sections were taken to water and endogenous peroxidase activity 

blocked by immersion in 0.1% phenylhydrazine hydrochloride in PBS, pH

7.4 for 5 mins. The sections were washed in PBS, then in 0.5% BSA/ 

PBS. They were then incubated in DBA-peroxidase conjugate in PBS for 

1 hr at 37°C in a moist chamber. (The DBA-peroxidase conjugate was 

made according to the method of Nakane and Kawaoi (1974). Briefly 10 

mg Dolichos biflorus agglutinin (Sigma, Poole, England) was conjugated 

with 10 mg horse radish peroxidase (Miles) in the presence of 2% 

concentration of N-acetylgalactosamine (Sigma)). The sections were 

then washed in PBS. Peroxidase was demonstrated using the substrate 

3,3'diaminobenzidine (DAB) (50 mg DAB in 100 ml PBS plus 200 /il 30% 

H202 ) which yielded a brown reaction product. The sections were 

washed well in water, counterstained in haemalum, cleaned and mounted 

in DPX. A control slide with lectin-peroxidase conjugate in 2% 

N-acetyl galactosamine, the sugar specific for DBA was run at the same 

time to show binding was specific.

Mapping the lectin-binding distribution

The distribution of labelled/unlabelled cells in heterogenously 

stained areas of duodenum and ileum were mapped from villus tip to 

crypt base with the aid of a drawing tube. At low power (x 100) over 

30 villi were traced in such a way. Every section was traced and 

initial alignment was by identification of the villus outlay. The 

microscope was fitted with a rotating stage so sections could be 

easily aligned to the 'correct' orientation relative to the last 

section drawn.

At higher power (x 545) a smaller duodenal area was mapped and
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the number of cells around each villus column scored. This area was 

chosen for on the gross overview a variety of staining patterns were 

observed. This area was reconstructed by cutting out polystyrene 

shapes which corresponded to the villus sections and shading the 

positive areas with black ink. The number of identifiable mitotic 

cells (usually metaphases, for they were easier to recognise) was also 

scored, to give some indication of mitotic activity.

Computer reconstruction

The use of polystryene models is valuable in determining the 

patterns but with recent advances in computer technology it is now 

possible to reconstruct shapes and manipulate them. The drawings from 

the duodenal x 545 area were transferred via a digitizing table to a 

PDPll/34 computer, programmed to carry out three-dimensional 

reconstruction from serial sections (MRC, Computer Laboratory, Mill 

Hill, London (Perkins and Green, 1982)).

RESULTS

Figures 12.1 and 12.2 show the mosiac patches of epithelium in 

the duodenum stained by the lectin-peroxidase conjugate. (These 

patterns have been consistently seen in over thirty non-chimaeric mice 

of each strain; in particular cells from RHI/ro villi and crypt do 

not contain any DBA positives, nor are any of the C57BL/6J negative 

(B A J Ponder personal communication; see also Ponder and Wilkinson, 

1983; Ponder et al, 1983a, b.) It is important to note that each 

crypt stains homogenous, there is no mixing of the parent populations. 

The differential staining of the villus epithelium thus depends upon 

the genotype of the crypts supplying it. Those villi with a 

heterologous composition allow mapping of the staining as cells are in
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the process of migrating through the sheet.

The villus depicted in Figure 12.3 (a-d) is of interest because 

on initial screening, new staining patterns were seen to emerge. This 

area was initially reconstructed in polystyrene and then transferred 

to computer. In two of these three villi the ratio of negative to 

positive cells on the villus remained constant but in the third the 

ratio was seen to change from 0.7 to 0.5 on going from villus tip to 

crypt. The computer reconstruction is shown in Figure 12.3, the 

output (redrawn for clarity) shows alternate sections, the sequel is 

continued with all sections shown and hidden lines removed (this had 

to be done manually, as at the time, no facility for this was 

available using the computer). Also shown is the view of the villus 

surface from the opposite aspect. This type of reconstruction is 

essential if migration pathways on the villus are to be related to 

those of attendant crypts and their emergent cells.

The patterns clearly show that epithelial cells move in 

remarkably straight lines and there is no evidence of a spiral 

arrangement (Clarke, 1973; Carr et al, 1981) nor of much cell mixing 

on the villus (Smith and Jarvis, 1978; Partridge and Simpson, 1980; 

Wright and Alison, 1984).

Most of the villi had consistent staining over the entire area of 

the villus but, as can be seen in Figure 12.3c, on one side of the 

villus the staining failed to reach the tip, whilst on the other side 

of the villus, staining has reached the tip and has a ragged 

appearance.

A single crypt can feed cells to more than one villus and this is 

shown in Figure 12.4 (a-d). Figure 12.4a shows a mid cryptal region 

and Figure 12.4b is the same area just above the crypt-villus 

junction. The same type of feature can be seen in Figures 12.4c-d. 

It can be seen that a single crypt is responsible for feeding cells
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Fig.12 DBA peroxidase staining of chimaeric intestine (duodenum x 100). (11 C57BL/6J epithelium (B) bind the 
lectin and appear black; R lll/ro (R) does not bind the lectin and is unstained. The inset (x 200) shows a high 
power view of two positive crypts in these all the cells are stained. V represents villi; C represents crypt. Note that 
here and in Fig.12.2 endothelial cells also show the polymorphism ■ +. A population of lymphoid cells in the 
lamina propia and epithelium also bind the DBA peroxidase —. (2) The distribution of staining on cross sections 
of the villi note the positive (dark stained) C57BL/6J and negative RHI/ro epithelium, reflecting the migrating 
progeny of the crypts (x 300).
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Fig42.3(a) Computer reconstruction of the distribution of staining patterns on a villus, using the NIMR PDP11/34 
computer, which allows interactive input of serial sections (Perkins & Green, 1982). The symbols indicate 
differently stained areas: S  positive-stained areas; □  negative-stained areas. Alternate sections from villus tip 
to the crypt-villus junction are shown, (b) A composite manual drawing of all sections from the villus tip to the 
crypt-villus junction with the hidden lines removed: 3  positive villus areas; □  negative villus areas; ■  positive 
stained crypts; K negative stained crypts-, (c) The reconstructed villus, showing that the migration pattern is in 
straight lines. The symbols are as in 3b. The arrow indicates the projected pathway of migration of emergent 
crypt cells onto the villus, (d) The same villus turned 180° to show the opposite aspect. Note the staining is 
reaching the villus tip. Also on these diagrams are the villus’s two nearest neighbours but these have been truncated 
to allow the reconstruction to be seen.
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F ig u r e  1 2 .4 a , b  F ig u r e  1 2 .4 a  i s  o f  c r y p t s  in  c r o s s - s e c t io n .  In  
F ig u r e  1 2 .4b  th e  same r e g io n  i s  shown b u t  t h i s  t im e  
i t  i s  th e  v i l l i .  N o te  how th e  c r y p t  i s  fe e d in g  t o  
two a d ja c e n t  v i l l i  -  t h i s  i s  i n  th e  ile u m .
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F ig u r e  1 2 .4 c ,  d  In  t h i s  f ig u r e ,  w h ich  i s  o f  i l e a l  c r y p t s  and t h e i r  
v i l l i ,  i t  can  be seen  t h a t  s in g le  c r y p t s  fe e d in g  
c e l l s  to  more th an  one v i l l i  i s  n o t  an i s o la t e d  
e v e n t .  (c  i s  th e  c r y p t  v i l l u s  j u n c t io n ,  d i s  
f u r t h e r  up o n to  th e  v i l l i . )
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Figure 12.5 (a) Cross-sectional drawing of villi as the vestibular
region is approached. Symbols as in Figure 12.3. The 
double arrow ft is a ridge not showing any cell mixing; 
the is where two villi will fuse to form a vestibule 
region, (b) The serial section showing the fusion of 
villi and the appearance of the attendant crypts. The 
X's are the regions used to align the sections, 
(c) The super imposition of the crypts of 5b on 5a; the 
arrow indicates the nearest negative crypt which could 
have supplied cells to this negative area on an 
otherwise DBA-positive staining villus; the asterisks 
point to two crypts which are located between two villi 
and feed cells to both of them. (d) The crypt 
supplying the villi as numbered in Table 12.1, not all 
crypts have been placed on diagram (for clarity).
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into more than one villus. This is in the ileum, many such instances 

were found of single crypts and also pairs feeding to more than one 

villus. In the villus that was reconstructed, the patterns that 

existed at the crypt-villus junction (CVJ) and the villus regions, 

just above the CVJ have been superimposed in Figure 12.5 (a-d). It 

can be seen that there is little evidence for extensive mixing in the 

crypt-villus junction regions. In Figure 12.5a the double arrow 

points to an intervillus ridge region where like cells are associated 

with each. No speckled areas of cells are seen again strongly 

suggesting that similarly staining cells remained associated. This 

suggest that similarly staining cells stay well associated with each 

other. In Figure 12.5c the arrow is pointing to a region on an almost 

completely DBA positive villus, which had only a little negative area. 

The only region where cells that could have been responsible for this 

region emerged from was from 30 ywm away. Also in Figure 12.5c the 

crypts marked by the asterisks are feeding cells to two villi, the 

metaphases in these two crypts were equal in number and no preference 

to either side of the crypt was apparent (see Table 12.1). These are 

labelled by the asterisks in Figure 12.5b and are crypt nos 6 and 9 in 

Figure 12.5d. In Figure 12.3d the ragged staining appearance of the 

ribbon of positive staining cells consists of cells coming from crypts 

attending the villus and also from cells which have migrated across 

the intervillus region, so the ragged form of the ribbon could be due 

to differential cell movement into the villus.

DISCUSSION

The pathway taken by migrating epithelial cells in the small 

intestine has long been debated.

The intestine is a polarised epithelium (Potten et al, 1982) with
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maturing cells moving along the villus being replaced by proliferating 

cells of the crypt. It is not difficult to follow the movement of 

cells which have been pre-labelled in the crypt during the S-phase 

with 3HTdR. What has been impossible is to state the exact pathway 

that the emerging and migrating cells have taken.

Smith and Jarvis (1978) demonstrated that in neonatal pig there 

was extensive cell mixing on the villus. Two populations contributed 

to this; the newly produced cells from the crypt and the cells which 

already clothed the villus at the time of birth. This does not appear 

to be the situation in the adult for using the chimaera, the pattern 

is of cells of similar lectin binding phenotype remaining associated 

with each other. Migration is in straight lines and not in spirals 

(as proposed by Carr et al, 1981) nor is there extensive cell mixing 

in the intervillus 'table' region/intervillus ridge reigon (Potten et 

al, 1982); like cells remained associated with each other. Partridge 

and Simpson (1980) considered that the intervillus region would be one 

where extensive cell mixing took place and predicted 'traffic jams' 

would occur in this region. This would seem not to be the case. In 

this study the intervillus ridge (shown in Figure 12.5c) does not 

appear speckled which would be the resultant pattern from mixing. 

Cells do have the ability to migrate some distance from the crypt in 

which they were produced. It is also clear as has been postulated 

(Smith and Peacock, 1980; Potten et al, 1982) that a single crypt can 

feed cells to more than one villus and that this is quite a common 

feature (Figures 12.4 a-d and 12.5 a-d).

As to the mechanism which is the driving force behind villus cell 

migration it is still unclear. In Chapter 1 we discussed the 

structure of the intestine and described the cell-cell contacts which 

epithelial cells contain. Hemidesosomes are the contacts which hold 

the epithelial cells to the underlying basal lamina, which is composed
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of the extracellular matrix. Epithelial cells are held to each other 

by gap junctions, belt junctions and spot desosomes which act like 

rivets to hold cells together at button like points of contact 

(Alberts et al, 1983). In order for much cell mixing to occur, very 

extensive breakage and reforming of these contacts would need to 

occur. Obviously some does or no cell movement would be observed but 

the movement of cells would not appear to result in simultaneous 

breaking of contacts.

How and why do the progeny of each crypt remain so tightly 

associated with those cells produced alongside them? A major 

contributor to the extracellular matrix is the fibroblast. Pascal et 

al (1968) and Kaye et al (1968) showed that, in the colon, there 

existed a pericryptal fibroblast sheath (PCFS) which they suggested 

divided and migrated at the same rate as the epithelial cells, so that 

a constant relationship of epithelial cell, basement membrane and 

fibroblast existed along the crypt. This concept was extended to 

include the small intestine (Zajicek, 1977), and an 

epithelio-mesenchymal unit or intestinal proliferon was proposed which 

displayed the feature of vertical translocation.

This would be a plausible explanation as to why cells might 

remain together, ie the fibroblast sheath was migrating at the same 

rate as the epithelial cells. Neal and Potten (1981) have extensively 

criticised the proposal; although the overall pattern of DNA syntehtic 

activity is highly co-ordinated in both PCFS and epithelial cells, 

the detailed distribution of activity is very different. PCFS divide 

at a very low rate and (3HTdR) labelled cells persist for a long time, 

and also become polyploid. These cells then migrate laterally into 

the lamina propia at the crypt-villu^ junction and then possibly 

upwards. These findings are very different from the original concept 

as envisaged by Zajicek (1977). The fibroblast probably does have a
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role to play in the migration of cells, but is is most likely to be an 

indirect one, being concerned more with its role in extracellular 

matrix biosynthesis rather than active association with the epithelial 

cell as depicted in the proliferon unit concept.

It is possible that cells can not only be shed from the villus 

tip but that they may be lost from the villus sides (Potten and Allen, 

1977). One aspect of the reconstructed villus (shown in Figure 12.3c) 

shows a failure of the staining to reach the villus tip. The possible 

explanations for this are:

1 Cessation of cell proliferation in the crypt causing

differential cell movement on villus.

2 Cell loss from the villus side.

3 Cell loss from the intervillus ridge/region.

4 Change in direction of cell movement from the crypt neck.

There are many experiments which show that migration does not 

depend upon cell proliferation. It is possible to ablate crypts with 

irradiation killing the mitotic cells and movement up the villus of 

post mitotic cells still proceeds (Potten et al, 1982a). What has 

been shown as necessary for cell movement is protein synthesis (and 

for crypt cells but not villus cells), the contraction of muscle 

elements in the lamina propria is another contributing factor to 

villus cell movement (Kaur and Potten, 1986a, b, c).

What the cessation of proliferation in individual crypts could 

produce is a differential migration rate of cell movement on the 

villus. The flux of cells onto the villus will therefore not be equal 

at all points around the base of the villus and if movement of the 

cell on the villus, is as independent of production rate as is 

postulated, then there must be lateral movement of some cells to 'fill 

in gaps'. This would allow for interrupted sequences of staining 

patterns ie disrupted cohorts of cells to be present. We did not
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observe any such event but in whole mount preparations this has been 

observed (Schmidt et al, 1985). There were more interrupted sequences 

found in the ileum than the jejunum, this is probably due to the lower 

ileal crypt to villus ratio. Alternatively broken or discontinuous 

ribbons could be due to cell loss from the villus side and not just 

the apical extrusion zone. Indeed, there is evidence to suggest that 

cell loss is not only confined to the villus tip (Potten and Allen, 

1977).

There could be loss from the intervillus region, which would 

produce interruptions in the staining patterns, but a more plausible 

event would be the switching in direction of cells as they left the 

crypt. This could be in response to the rate of cell movement and 

cell loss on neighbouring villi. The epithelium must be kept intact 

and this would demand a degree of flexibility and co-operation between 

adjacent villi and neighbouring crypts.

Bjerknes and Cheng (1985) attempted, unsuccessfully, to determine 

the migration pattern, by the pairing tendency of mucous cells. They 

argued that if 50% of mucous cells are siblings in the crypt then they 

should remain as pairs of cells on the villus if the epithelium is 

moving as a sheet. There are problems with this idea, since, one 

daughter cell will have to remain in the crypt, to keep dividing and 

maintain the mucous cell population and for the reasons discussed 

earlier, there could be differential migration and cell movement on 

the villi. The evidence for the pathway and pattern of cell movement 

on the villus has been for the first time, undeniably shown to be 

upwards and in tight cohorts of cells with little cell mixing and the 

model system in which it has been possible to gain such knowledge has 

been one where the progeny of a single crypt can be followed, and in 

this instance such a model has been the chimaeric mouse C57BL/6J f—^ 

RHI/ro.
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Table 12.1

Crypt No 1
6

11
4

21
2

2 3 4
2 7 5

12 13 14
1 4 3

22 23 24
8 2 4

5 6* 7
2 4 1

15 16 17
1 4 1

25
3

8 9* 10
5 4 3

18 19 20
2 4 5

The number of metaphases in each crypt. The crypt numnber is as 
shown on Figure 12.5d. The underlined crypts are positive 
staining with the lectin. The asterisks refer to the two crypts 
on Figure 12.5 which were found not to be assoicated with any 
particular villus.
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