
ABSTRACT

Diabetes-induced congenital malformations commonly affect organs and tissues that are derived 
fromectomesenchymal cells, such as the neural tube and cardiovascular structures. Human diabetic pregnancy has 
also been strongly associated with DiGeorge anomaly, Goldenhar and the axial mesodermal dysplasia syndromes. 
The cellular and molecular mechanisms of these malformations are still poorly understood, including their effects 
on the migration and proliferationof the ectomesenchymal-derived cells. Diabetes (IDDM) was induced in female 
MF1 mice with 150mg/kg of Streptozotocin one week before mating. Pregnancy was terminated on E9.5. E10, E11 
or E12 and the embryos were examined for gross structural malformations. The distributions of immunoreactivity 
for migrating neural crest cells, permissive ECM substrate molecules (fibronectin andlaminin) and proliferating 
cells were investigated in histological sections of the malformed embryos. The absolute number of migrated cells in 
the trigeminal ganglion was also stereologically estimated. It could not be deduced from the results that the diabetic 
milieu directly affected the migratory pattern of the cranial neural crest cells and ECM molecules along the 
migratory pathways. However, the proliferative cycle and interkinetic migration of neuroepithelial cells were 
distorted in the malformed embryos from the diabetic mice. An average deficit of 11.2%-13.5% in the estimated 
absolute number of cells in the trigeminal ganglion was also observed. It is probable that the teratogenic effects of 
the diabetic state involve inhibition of the developmental processes of ectomesenchymal cells,including progenitor 
cells' differentiation and cell proliferation, through interference with the expression of a variety of the 
cells'developmental regulating genes and molecules.

The Effects of STZ-Induced IDDM on Neural Crest Cell 
Migration andNeuroepithelialCell Proliferation: An 
Immunohistochemical and Stereological Analyses Study.

Chinnah, Tudor I. 

University of Exeter Medical School, St Luke's Campus, Heavitree Road, 
Exeter, EX1 2LU, UK. Tel: 01392 722994. Fax: 01392722926. 
E-mail: T.I.Chinnah@exeter.ac.uk.

INTRODUCTION corresponds to the DiGeorge Anomaly (DGA) in 
11,12humans, which is similarly characterized by CHDs.

Maternal diabetes has long been associated with an 
increased risk of congenital anomalies. In humans, The occurrences of coincident DGA and renal agenesis 
between 24% - 74% of insulin dependent diabetes in the offspring of diabetic (IDDM) mothers have been 

13mellitus (IDDM)-induced malformations are severe widely reported in humans. The sequence of 
1,2,3multi-organ system birth defects. Diabetes-induced malformations in axial mesodermal dysplasia 

congenital malformations are especially common in syndrome has also been strongly associated with 
organs and tissues that are derived from ecto- maternal diabetes.Congenital malformations in 
mesenchymal cells, such as the neural tube and offspring of pregnant women with IDDM are said to 

4,5,6cardiovascular structures. A strong association show specific structural defects. These defects share 
between overt maternal diabetes and conotruncal phenotypic overlap with recognised patterns of 
congenital heart diseases (CHDs) such as double-outlet malformations seen in Goldenhar syndrome and axial 

6,14right ventricle and truncusarteriosus, has been mesodermal dysplasia spectrum. It is thought that 
7,8demonstrated. A earlier study on a mouse model of DGA, its associated cardiovascular anomalies, and the 

diabetic pregnancy reported a high susceptibility to axial mesodermal dysplasia syndromes may have a 
diabetes-induced angioblastic cell or vascular common developmental pathogenesis which involves a 

9 generalised alteration in both mesodermal and cranial anomalies in the offspring. Ablation of the neural crest 
15,16in chick embryos alters the migration of mesenchymal neural crest cells' migration.

cells, causing anomalies of the branchial arches and 
ventricular out-flow tracts, in association with thymic Despite these interesting reports on diabetes-induced 

10 embryopathies in both human and animal models, the and parathyroid agenesis. This malformation complex 
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cellular and molecular mechanisms of these 
malformations remain largely unclear. Little is known 
about the effects of the diabetic condition on the 
migration and proliferation of ectomesenchymal-
derived cells, or about the role these developmental 
processes could play in the cascade of the mechanisms 
associated with diabetes-induced congenital 
malformations. This study therefore examined the 
effects of the diabetic state on the immunoreactive 
migrating neural crest cells, the permissive 
e x t r a c e l l u l a r  m a t r i x  ( E C M )  s u b s t r a t e  
molecules(fibronectin and laminin), and cell 
proliferation in the malformed embryos. The absolute 
number of cells in a neural crest cell target organ of the 
malformed embryos was also stereologically estimated.

MATERIALS AND METHODS IMMUNOHISTOCHEMISTRY
Atotal of 40 virgin female MF1 mice weighing between Serial sections of paraformaldehyde fixed embryos,cut 
20 - 30gm were used. The mice were housed in with a rotary microtome at a thickness of 5µm,were 
controlled environmental conditions with 14-h light processed for immunohistochemical stainingfor 
and 10-h dark cycles and were fed with pellet chow diet migrating neural crest cells, fibronectin and 
and water ad libitum. Diabetes was induced before lamininimmunoreactivity. The sections were incubated 
mating by a subcutaneous injection of 150mg/kg body overnight at 40C in either monoclonal anti-HNK-1/N-
weight of streptozotocin (STZ) dissolved in a sterile CAM (mouse IgM, clone V1.1)at a dilution of 1:50, or 
0.1M sodium citrate buffer pH 4.5 at a concentration of rabbit anti-human fibronectin at a dilution of 1:200, or 
10mg/ml. Control animals were injected with rabbit anti-mouse laminin at a dilution of 1:500 primary 
equivalent volume of 0.1M sodium citrate antibodies (SIGMA Chemical Company).At least 6 
buffer.Diabetic animals were mated with non-diabetic embryos of each embryonic age (E9.5 – E12.5) were 
males of the same strain within one day after randomly chosen from 5 litters of diabetic (malformed) 
confirmation of induced diabetes; in parallel, non- and non-diabetic (control) mothers. Three non-
diabetic control females were also mated with non- malformed embryos from the diabetic group were also 
diabetic males of the same strain.Details of how randomly chosen for each embryonic age under study. 
animals with induced diabetes were determined have The monoclonal anti-human HNK-1/N-CAM antibody 

14 visualises cell surface determinant (Human Natural been previously described. The induced serum glucose 
Killer–1 antigen) which is a glycoprotein, (sulphate-3-levels in the pregnant diabetic mice varied between 
glycoronyl residue) on pre-migratory and migrating 15mmol/l – 27mmol/l.Pregnancy was terminated on 
neural crest cells and neural cell adhesion molecule (N-gestation days E9.5, E10, E11 or E12 by cervical 
CAM). Similarly cut serial sections of methacarn fixed dislocation and the embryos were harvested. Each 

17 embryos were also processed for immunohistochemical embryo was staged for age,  inspected for external 
staining for Proliferating Cells Nuclear Antigen malformations and weighed. Malformedand normal 
(PCNA). The sections were also incubated overnight at embryos from the diabetic and control groups were 
40Cin monoclonal anti-PCNA (mouse IgG, clone randomly selected for further morphological analysis.
PC10) primary antibody (SIGMA Chemical Company) 
at a dilution of 1:200.This antibody recognises cell 
cycle-related regulatory protein involved in DNA 
replication.

For ease of comparison of the tissue sections, alternate 
slides of serial sections of blocks of the embryos stained 
for histopathological examination were selected for the 
immunohistochemical study. Also, embryonic tissue 
sections between the levels of easily identifiable 
anatomical landmarks (re the optic vesicles and the 
heart) were selected for consistency and comparison of 
identical structural regions. Sections of the embryos 
from diabetic mothers, malformed (DMM) and non-
malformed (DMN); and normal embryos from the 
control group were stained together. For each antibody 
staining, 24 serial slide sections made of 10 slides of 
DMM, 4 slides of DMN, 8 slides of normal control and 
2 slides of internal negative control were taken together 
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Figure 1.
A: BBC microcomputer interfaced with a digitizing tablet 
and an Olympus microscope with an attached drawing 
tube.

B: Quantimet 970 image analyser connected to a 
microscope with attached camera and computer monitors.



in one staining rack as a batch and stained at the same such profiles in all the sheets from the tissue section was 
time for uniformity of staining reaction between counted as Q- for the reference section. To greatly 
groups. For each embryonic age, 5 batches of slide improve the efficiency of the method, the cell counting 
sections were stained. procedure was repeated on the same pair of sections in 

reverse directions to obtain the count of Q- for the look-
21STEREOLOGICAL  ANALYSIS up section. The total number 'N' of the nuclear profiles 

Embryos of E10.5 and E11.5 were selected and in the reference or look-up sections was obtained by 
processed for JB4 resin embedding for stereological using the formula, N = Q- x f, where f is the reciprocal of 

22,18estimation of absolute number of cells in the trigeminal the sampling fraction.  The mean of 'N' from the 
ganglion. The fractionator method for unbiased particle reference and look-up sections was recorded as the 

18counting, was used. Malformed (DMM) and non- estimated absolute number of cells of the ganglion for 
21malformed (DMN) embryos from diabetic mothers and each embryo sample.

normal embryos from control mothers were randomly 
selected from litters of at least 4 pregnant mice for each DATA  ANALYSIS  
embryonic age. The resin blocks were cut with a Ralph Data are presented as means  SEM (standard error of 
glass knife on an LKB Historange rotary microtome at a mean). Tests of significance of difference in the 
pre-determined thickness of 2m. The required medians of the parameters between groups were 
microtome section thickness was determined by analysed using the Mann-Whitney U test. Correlation 
measurement of the diameter of the nuclear profiles of between variables was examined using Spearman's 
the trigeminal ganglion cells using a drawing tube Rank Sum correlation test. In each case, the null 
attached to an Olympus (BH-2) microscope and a hypothesis was rejected if the probability of no 
Calcomp 2000 digitizer tablet linked to a BBC difference was less than 5% (i.e. p  0.05). Analysis of 
microcomputer (fig.1A), using previously written variance (ANOVA) and Student's t-test were performed 

19software. Serial sections of the block of each embryo as appropriate. Differences between groups were 
were cut through the whole of the trigeminal ganglion. detected by Student's t-test based on Tukey's multiple 
The sections were flattened and stretched out on a water comparison test. All statistical analyses were carried out 
bath at room temperature. Consecutive pairs of the with the Minitab statistical package.
sections were then collected on a glass slide starting 
with the first section and dried on a hot plate. The RESULTS
sections were stained with Acid Fuchsin for 2 minutes, Neural crest cells migration
washed in running tap water, counterstained for 2 In order to understand the cellular mechanisms of 
minutes in 0.05% Toluidine Blue and washed in running diabetes- induced malformat ions  involving 
tap water. The tissue sections were air-dried and ectomesenchymal-derived organs and tissues, the 
mounted with DPX. effects of the diabetic state on neural crest cell migration 

was investigated. The results showed no detectable 
Based on the results of a pilot study, a dissector interval differences in the distribution of HNK-1 positive cells 
of 1/50 was used as the optimal pre-determined between normal embryos from control and malformed 

20sampling fraction for this study. In all the sections, only embryos from diabetic mice (figures not shown). The 
the right trigeminal ganglions were counted for immunoreactivity of permissive ECM substrate 
uniformity of assessment. Cell counting was made on moleculesfibronectin and lamininshowed normal 
pairs of sections with a Quantimet 970 image analyser distribution in sections of the embryos. There was no 
(Cambridge Instrument Limited, UK) using nuclear difference between normal embryos from control and 
profiles as counting units. A digital image of the malformed embryos from diabetic mice (figures not 
trigeminal ganglion in one of the tissue sections shown).
(reference section) on the slide with a total 
magnification of X1650 was captured on a computer A quantitative investigation using stereological 
screen. An A4 acetate sheet serving as a counting estimation of absolute number of neurons in the 
sampling frame was pasted on the screen covering the trigeminal ganglion was also undertaken to explore the 
entire field of view. Profiles of nuclei of the ganglion migration of cranial crest cells into target organs. The 
cells were traced on the acetate with a marker pen. The trigeminal ganglion is one of the cranial sensory ganglia 
field of view was systematically changed such that the that are target organs for migrating cranial neural crest 
entire section of the trigeminal ganglion was cells. The ganglion is a well-established experimental 
meticulously covered with minimal overlap. model because it is comparatively large, has well-

defined boundaries and is easily identifiable. In E10.5 
A similar procedure was carried out for cells' nuclear mouse embryos, the ganglion extends rostrally from 
profiles in the second section (look-up section). The just above the level of the optic vesicle and caudally to 
acetate sheet with the profiles from the reference the level of the otic vesicle;in E11 – 11.5 embryos, it 
section was superimposed on the acetate sheet from the extends from the level of optic vesicle to halfway above 

17look-up section with corresponding field of view. Cells' the level of the otic vesicle.
nuclear profiles that appeared on the reference sheet but As shown in table 1, there were statistically significant 
not on the look-up sheet were counted and the total of (p <0.05) differences in the estimated absolute total 

Effects of diabetes on cell migration and proliferation

Journal of Anatomical Sciences 2013: Vol. 4 No. 2                 5



Chinnah, Tudor I. 

6        Journal of Anatomical Sciences 2013: Vol. 4 No. 2

number of the trigeminal ganglion cells between age- estimated absolute total number of cells in the ganglion 
matched normal embryos of control and malformed increased significantly (p <0.05) with increase in 
embryos of diabetic mice (DMM) in the ages studied. embryonic age. The number of the ganglion cells in 
The estimated absolute total number of trigeminal DMN of E10.5 embryos was higher than the DMM of 
ganglion cells decreased significantly in DMM the same age but was not statistically significant. In 
embryos compared to the age-matched normal embryos both embryonic ages, the number of ganglion cells in 
of the control mice. In E10.5 DMM embryos, the control and age-matched DMN embryos did not differ 
number of trigeminal ganglion cells was an average of significantly (p >0.05).
11.2% less than inage-matched controls. In E11.5 
DMM embryos it was an average of 13.5% less. The 

Figure 2.
A & B: Sections of adult female MF1 mouse stomach stained with PCNA to serve as negative (A) and positive (B) controls. 
Figure A, stained without the primary antibody, shows no non-specific immunoreactivity. Figure B shows positive (dark brown) 
PCNA immunoreactivityin the proliferating cells of the gastric glands (arrowheads). X 200. C: Section of an E10/10.5 normal 
embryo from a non-diabetic control mouse showing the general pattern of PCNA immunoreactivity. Tissues outside the neural 
tube show a mosaic pattern with a mixture of positively (dark brown) and negatively (pale blue) stained cells. The Neural tube 
(NT) shows a layer of dark brown stained inner cells (arrowheads) and a pale blue stained outer layer of cells (asterix). X 40. D: 
Higher magnification of a section of the neural tube of an E10/10.5 normal mouse embryo from a non-diabetic mother, showing a 
distinct dark brown positive PCNA stained inner layer of neuroepithelial cells (arrowheads) and negative pale blue stained outer 
layer of cells (asterix). X 200.
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Table 1:  Estimated Absolute Number of the Trigeminal Ganglion Cells, Mean  SEM.

 Control DMN DMM 

E10.5 68975 ± 3710a 
CV = 6.8% 
N = 5 

66156 ± 4881ab 
CV = 9.7% 
N = 4 

62019 ± 2131b 
CV = 4.7% 
N = 4 

E11.5 89875 ± 4800c 
CV = 6.8% 
N = 6 

92950 ± 5138c 
CV = 7.4% 
N = 4 

79160 ± 5422d 
CV = 9.6% 
N = 5 

 Data with the same letter code are not statistically significant (p > 0.05). CV = coefficient of variation, N = number of embryos 
examined.DMN = Non-malformed embryos from diabetic mice.DMM = Malformed embryos from diabetic mice.

CELL PROLIFERATION positive neuroepithelial cells were found in the luminal 
Sections of adult female MF1 mouse stomach used as half or two-third of the tube, while PCNA-negative 
positive controls showed PCNA immunoreactivity in cells occupied the outer one-third (fig.2C&D). This 
proliferating cells of the gastric glands (fig.2B). The reflected the stages of the neuroepithelial cells 
negative control sections showed no immunoreactivity maturation in the developing neural tube. Most of the 
(fig.2A). This suggests that the primary antibody is surrounding mesenchymal cells and cells of other 
binding specifically to the proliferating cell antigen and structures in the sections of the embryos stained 
the secondary antibody is also binding specifically to positive, with sparsely scattered negative cells 
the primary antibody as expected. PCNA reflecting cells at different proliferative stages as would 
immunoreactivity showed cells with strong nuclear and be expected in normal developing tissues.
weak cytoplasmic staining intensity in sections of 
embryos from the control mice. The nuclear staining In the sections of malformed embryos from diabetic 
showed a mixture of diffused and granular stains in the mice, the immunoreactivity of PCNA in the 
sections (fig.2C&D). There was no difference in the neuroepithelial cells of the neural tube showed a mosaic 
staining intensity between immunoreactive cells in pattern of negatively and positively stained cells, 
sections of the different embryonic ages in the control. without the defined uniform layer of staining seen in the 

control sections (fig. 3A, B &C). The mosaic staining 
There was uniform layered positive and negative pattern was also observed in most other structures to a 
staining of proliferating (mitotic) cells and non- greater extent than that observed in sections of control 
proliferating (post-mitotic) cells in the neural tube of embryos. These include the trigeminal ganglion, optic 
the sections of the control embryos. The PCNA- and otic vesicles and gut tube. There were more 
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TG
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Figure 3.
A: Section of an E10/10.5 malformed mouse embryo from a diabetic mother, showing a general mosaic pattern of a  mixture of 
positive (dark brown) and negative (pale blue) PCNA immunoreactivity, including the neural tube (NT). Cells of the trigeminal 
ganglion (TG) and optic cup (OC) also show mosaic positive and negative PCNA staining. X 100.
B: Higher magnification of a section of E10/10.5 malformed mouse embryo from a diabetic mother, showing a mosaic staining 
pattern within each layer of cells of the neural tube (NT). PCNA positive immunoreactive cells (arrowheads)show dark brown. 
X 200.
C: Section of an E11.5 malformed mouse embryo from a diabetic mother showing a similar mosaic pattern of PCNA 
immunoreactivity as in figure 3A. Angioblastic cells among the mesenchymal cells stained negative for PCNA. X 100.
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negatively stained cells within the surrounding (E11.5) in the ganglion cells of DMM embryos 
mesenchymal cellsand in other structures of embryos compared to the age matched controls could be an 
from diabetic mice than in the controls. The majority of indication of impaired neural crest and placodal cells 
these negatively stained cells were vascular elements or development occasioned by the diabetic state. This may 
angioblastic cells. The distribution of positive PCNA be the result of delayed migration of these cells, 
immunoreactivity in DMN embryos did not differ from inhibited cell proliferation or induced premature 
that found in the normal controls. The staining intensity apoptosis.
in embryos from diabetic mice (DMM and DMN) did 
not differ from that found in controls. There was no This study also demonstrated a distincteffect of the 
noticeable difference in the number of positive PCNA diabetic state on cell proliferation in the neural tube. 
immunoreactive cells in the region between the neural The staining pattern of sections of embryos from 
tube and the surface ectoderm between embryos from control and non-malformed embryos from diabetic 
diabetic and non-diabetic control mice, except for the mice showed a layered positive and negative staining of 
negatively stainedangioblastic cells in DMM embryos. the neuroepithelial cells consistent with the 

proliferative cycle in neural tube histogenesis. This 
DISCUSSION process produces a sheet of neuroepithelial cells 
The aim of this study was to investigate the effects of displaying a gradient in cell maturation and a spatially 
diabetic pregnancy on the migration and proliferation defined proliferation compartment within the neural 
of ectomesenchymal-derived cells. It explored the tube.The early neural epithelium of the neural tube 
distributions of immunoreactive migrating neural crest consists of a homogenous population of pluripotent 
cells and the permissive ECM substrate molecules, elongated pseudo-stratified neuroepithelial cells. These 
fibronectin and laminin. The immunohistochemical cells undergo a sequence of interkinetic migration with 
results did not show any effect of the diabetic condition different phases of proliferative cycle within the 

31on the migration of neural crest cells. This could be developing neural tube. Throughout most of the 
because the HNK-1/N-CAM monoclonal antibody has neuraxis, proliferative cell cycles are limited to the 

32a poor sensitivity to mouse specimens. Species ventricular and sub-ventricular zones. In this study, the 
differences in the sensitivity of neural crest cells and region of the neural tube, which showed positive PCNA 

23,24their derivatives to HNK-1 have been reported.  immunoreactivity in the control embryos corresponded 
Furthermore, it could not be deduced from this study to the ventricular and sub-ventricular zones of the 
whether the diabetic state induced alterations in the developing neural tube,consistent with the expected 
distributions of the permissive ECM substrate sequence of normal neuroepithelial cell proliferative 
molecules along the migratory pathways of the neural cycles within the tube.
crest cells.

However, in the malformed embryos of the diabetic 
However, the observed differences in the estimated mice, PCNA immunoreactive positive cells extended to 
total number of cells in the trigeminal ganglion suggests the mantle and cortical zones, which should not have 

31,32either that neural crest cells were delayed in homing-in proliferating cells.  This could imply a distortion in 
on their target organs or that there was a reduced cell the normal neuroepithelial cell proliferative cycles and 
proliferation. The trigeminal ganglion cells are derived interkinetic migration which may predispose the 
from both neural crest and placodal cell  embryos to neural tube defects.Disturbed cell 

25,26populations. The ganglion becomes discernible in proliferation and interkinetic migration of 
mouse embryos by E9 and the boundaries become neuroepithelial cells was clearly demonstrated in 
clearly demarcated in the embryos by E10.5 and above. malformed embryos of diabetic mice together with an 
Over 50% of the trigeminal ganglion neurons are lost in average deficit of 11.2% - 13.5% in the estimated 
a phase of programmed cell death that extends from E13 absolute total number of trigeminal ganglion cells. This 

27to E19.  This implies that between E12 and E13 the may suggest that the diabetic state distorted or impaired 
trigeminal ganglion would have attained its maximum neuroepithelial cell proliferation and migration. It may 
number of neurons. The embryonic ages when the have also impaired the proliferation of the progenitor 
numbers of trigeminal ganglion neurons were estimated cells, and consequently affected differentiation and 
in this study were therefore before the phase of the generation of neural crest cells. A possible reduction in 
programmed cell death. It could be argued that the the production of crest cells could explain in part the 
DMM embryos were growth retarded compared to the deficit in the number of crest cells homing-in on target 

9 organs in addition to inhibited cell proliferation. These control embryos , a mechanism which could account 
findings are consistent with the reports of earlier studies for the reduced number of neurons in the trigeminal 
that showed impairment in the development of neural ganglion. However, it is well documented that in cases 
crest cell derived cranial nerve ganglia (re V, VII – X), in of growth retardation the brain growth in terms of cell 

3 3 , 3 428 rodent diabetic pregnancy.  Distortion of number is spared.  Neuronal sparing in cases of growth 
neuroepithelial cells of the cranial neural tube has also retardation has also been observed in the peripheral 

3529,30 been reported in embryos of diabetic mice.nervous system. It is reasonable to suggest that the 
observed average deficit of 11.2% (E10.5) and 13.5% 

Part of the developmental processes of neural 
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progenitor cells includes recognition and decisions within cranial neural tube in embryos of diabetic mice, 
about positional identity, mitotic state and the need to it was suggested that maternal diabetes induces neural 

36 tube malformations that are associated with altered follow a programmed cell death path. Impairment in 
expression of a variety of genes involved in apoptosis, the regulation of these processes could lead to neural 

37 proliferation, migration and differentiation of tube defects. Diabetic condition has been shown to 
35neurons. Diabetes-induced increased neuroepithelial affect the proliferation and apoptosis of neural 

33 cell apoptosis in neural tube defects has also been progenitor cells in the developing spinal cord. Such 
associated with the over-expression of P53 gene due to effects on the progenitor cell population could alter cell 
diabetes-induced under-expression of Pax3 c y c l e  k i n e t i c s  a n d  l e a d  t o  

46,47,48,4938 gene. A loss of function mutation of the Pax3 gene maldevelopment. Hyperglycaemia has also been 
is responsible for the Splotch (Sp) phenotype in found to impair the proliferation and cell fate 

.50,51,52mice Alterations in the expression of Hox genes specification of neural stem cells and has been 
53suggested as a basis for neural tube anomalies in have also been associated with diabetic condition.

39embryos of diabetic pregnancy.
In mice, expression of Pax3 begins in the 

5,54Diabetes-induced teratogenesis has also been neuroepithelium on embryonic day 8.  a stage which 
33,40,3 coincides with the stage in human development that is associated with apoptosis of other embryonic cells.  

sensitive to maternal diabetes-induced neural tube This could explain why diabetic pregnancy is also 
46strongly linked with a sequence of malformations seen defects. Recent studies suggest that impaired 

in axial mesodermal dysplasia or caudal regression expression of Pax3 is mediated by diabetes-induced 
syndromes. In the study reported here, a general mosaic oxidative stress occasioned by the associated metabolic 

4,55,56pattern of PCNA immunoreactivitywas observed derangements. Mis-expression of other genes (in 
within and outside the neural tube of DMM embryos. addition to Pax3 and P53) that regulate progenitor cell 
T h i s  m a y  s u g g e s t  t h a t  t h e  n e g a t i v e l y  viability at critical stages of organogenesis has been 
immunoreactiveembryonic cells were at non-dividing advocated as a possible general mechanism for 

5phase or that the post mitotic cells were undergoing diabetes-induced embryopathies. It is possible that 
increased cell death.The results of this study provide maternal diabetes interferes with the expression of a 
further evidence in support of an earlier work where variety of genes and molecules that regulate important 
diabetes was reported to haveinduced neuroepithelial developmental processes during organogenesis, which 
cell cytotoxicity and angioblastic cell hyperplasia in the could provide cellular and molecular explanations for 

9mouse embryos. There is growing evidence of the the pathogenesis of diabetes-induced embryopathies.
association of diabetic pregnancy with induced 
congenital malformations, suggestive of direct effects CONCLUSION
of the diabetic milieu on embryonic developmental The effects of STZ-induced IDDM on cranial neural 
processes. crest cell migration and cell proliferation in malformed 

embryos from MF1 diabetic mice were studied. The 
A plethora of studies have been undertaken to results suggest that the normal migration of the neural 
understand the cellular and molecular mechanisms of crest cells may be unaltered by the diabetic state. There 
the diabetes-induced malformations, and have was also no difference in the pattern of 
implicated a number of genes and molecules regulating immunoreactivity for fibronectin and laminin in the 
cells developmental processes. For example,increased migratory pathways of the neural crest cells. However, 
incidence of congenital vascular defects in diabetic the diabetic state may have resulted in an impairment of 
pregnancy has been linked with elevated diacylglycerol normal cell developmental processes as deduced from 

41(DAG) levels.  DAG is one of the cell signalling factors theobserved distortion in the neuroepithelialcell 
that works through activation of the protein kinase C proliferative cycle and deficit in the estimated absolute 
(PKC) family of proteins to affect endothelial cell number of cells of the trigeminal ganglion in malformed 
proliferation, cellular morphology, apoptosis and embryos of the diabetic mice. It is probable that the 

42,43 teratogeniceffects of the diabetic condition involve barrier function. RasGRP3 (Rasguanyl-releasing 
inhibition of both ecto-mesenchymal cell proliferation protein3), a Ras activator expressed in developing 
and the generation of neural crest cells from their blood vessels, has been implicated in the mediation of 
progenitor cells. The consequent reduction in the diabetes-induced vascular defects. RasGRP3 requires 
number of neural crest cells produced and emigrating DAG for its activity and elevated DAG in diabetic 
from the neural tube could explain in part the deficit in condition over activates RasGRP3, resulting in induced 

44 the number of crest cells homing-in on the target organs. vascular defects.
This effect of the diabetic state on progenitor cell 
differentiation and cell proliferation may stem from Mesangial cell migration is said to be impaired in 
interference with the expression of a variety of diabetic condition due to the loss of synthesis of laminin 

45 regulating genes and molecules involved in the cell 421. A selective reduction in mRNA translation of 
developmental processes andreflect the complex nature laminin B2 in the hyperglycaemic milieu has also been 

45 of this disease.reported. In an analysis of global gene expression 
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