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Insulin-dependent diabetes mellitus in both humans and ani-
mals leads to structural and functional changes including hepato-
megaly. This study examined hypertrophy, hyperplasia, and apo-
ptosis, three basic aspects of tissue growth, in livers of Sprague-
Dawley and Wistar rats made diabetic by iv injection of
streptozotocin 8, 30, or 90 days previously. Immunohistochemical
measurement of proliferating cell nuclear antigen revealed that
hepatic DNA labeling indices were similar in normal control
animals and diabetic rats 30 or 90 days post diabetic induction, but
were reduced to 45 to 50% of control in insulin-treated diabetic
animals, perhaps due to altered receptor activity or to partial
insulin resistance, as reported previously. Flow cytometry indi-
cated a 613% increase in diploid hepatocytes in the livers of
diabetic rats 30 days after the onset of diabetes, compared to
control. Diabetic livers contained 29% fewer tetraploid cells, 81%
fewer octaploid cells, and 20% more binucleated hepatocytes than
normal controls. At 90 days, the overall smaller size of hepatocytes
in diabetic tissue was evidenced by more cells per area. Insulin
treatment prevented some of these changes, but did not restore
ploidy to a normal distribution. Mitosis, while 300% of normal at
8 days after streptozotocin injection, was reduced to 25% of nor-
mal after 90 days of diabetes. The morphological evidence of
apoptosis was decreased by 23% to 76% in the diabetic liver, and
was reversed but not normalized by insulin treatment. This study
indicates that the hepatomegaly observed in streptozotocin-in-
duced experimental diabetes may be due primarily to early hyper-
plasia, and later decreased apoptosis.

Key Words: apoptosis; mitotic index; hepatomegaly; flow cytom-
etry; streptozotocin; proliferating cell nuclear antigen (PCNA);
insulin-dependent diabetes.

1996) diabetics, although the mechanism involved is not
known.

An animal model of insulin-dependent diabetes mellitus can
be experimentally produced in rats with the nitrosourea strep-
tozotocin (STZ), which preferentially destroyscells. Hepa-
tomegaly is also associated with STZ-induced diabetes (Kume
et al, 1994; Watkins and Noda, 1986). However, the process
by which diabetes causes this tissue change has yet to be
ascertained.

An increase in tissue growth can be the result of alterations
in cell number (hyperplasia), cell growth (hypertrophy), and/or
cell death (apoptosis), all mechanisms that are at work in
diabetes. For example, kidney hypertrophy is observed in both
the glomerular basement membrane and capillaries of diabetics
(Heidland et al, 1996; Rabkinet al, 1996; Sharmeet al.,
1996) and may contribute to end-stage renal damage. Vascular
hypertrophy may be one of the causes of diabetic hypertension
(Hulthenet al, 1996). Hypertrophy and hyperplasia in diabetic
rat intestinal epithelium are linked to absorptive abnormalities
(Younoszaiet al, 1993). Finally, diabetes and hyperglycemia
have been linked to apoptosis through the activation of mito-
gen-activated protein kinase (Igarasgtial., 1999).

The present study was designed to examine the role of
altered cell growth, cell proliferation, and apoptosis in STZ-
induced diabetic hepatomegaly in rats. Moreover, the effect of
insulin replacement on these parameters was also determined.

MATERIALS AND METHODS

Induction of diabetes and experimental designFemale Sprague-Dawley
rats (175-250 g) from Harlan Sprague Dawley Co. (Indianapolis, IN) were fed
Purina Laboratory Rodent Chow (#5012, St. Louis, MO) and weddibitum,

Even with insulin treatment, diabetic patients show profounghd were maintained according to théH Guide for the Care and Use of
disturbances in tissue growth. Many of these problems hahaboratory Animals Diabetes was induced by injection of STZ (Sigma, St.
been linked to chronic hyperglycemia and the metabolic altéuis: MO; 50 mg/kg, dissolved in 10 mM sodium citrate, pH 4.5) into the

ations that ensue (Porte and Schwartz, 1996). Clinically,

.saphenous vein. Serum glucose levels were measured using the hexokinase kit
Iﬁ]om Sigma Chemical Co. Seven days after the induction of diabetes (rats

creased liver size (hepatomegaly) is seen in both juvenilging serum glucose levels above 350 mg/dl), the insulin-treated group began
(Marangiello and Giorgetti, 1996) and adult (Chatila and Westceiving daily sc injections of 2—4 U of insulin [protamine zinc insulin (PZI),

Eli Lilly, Indianapolis, IN]. Serum glucose was monitored periodically to
assure control of hyperglycemia.

' To whom all correspondence should be addressed. Fax: (812) 855-443@etween 9 and 1k.m. on days 8, 30, or 90 after treatment with STZ,

Email: watkins@indiana.edu.

animals were anesthetized with diethyl ether. Livers were remowvexto and
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TABLE 1
Body Weight, Liver Weight, and Relative Liver Weight (Liver to Body Weight Ratio) following 8-, 30-, and 90-Day Periods of
Diabetes in Sprague-Dawley Rats

Days after STZ Body weight (g) Liver weight (g) Relative liver weight
Normal (, 6) 8 213+ 2 8.9+ 0.3 4.2+ 0.1
Diabetic @, 10) 8 196+ 5° 9.2+ 0.1 4.7+0.1
Normal (, 5) 30 234+ 6 9.7+ 0.9 4.1+ 0.3
Diabetic 6, 5) 30 201+ 10° 11.9+ 0.9 59+ 0.3
Insulin-treated f, 5) 30 216+ 10 9.4+ 0.5 43+0.1
Normal (, 5) 90 252+ 10 8.4+ 0.5 3.3+ 0.1
Diabetic 6, 5) 90 167+ 12¢ 12.7+ 0.8 7.7+ 0.6
Insulin-treated f, 5) 90 274+ 7°° 10.5+ 1.1*° 4.4+ 0.3

Note.Values represent meah standard deviation of body weight, liver weight, and relative liver weight [(liver weight/body weigl)0] after 8, 30, and
90 days of diabetes.

*Significantly different from normalp < 0.05.

®Significantly different from diabetigp < 0.05.

weighed; samples from each lobe of liver were fixed in formalin for 2—-3 days, Flow cytometry. A separate group of Wistar rats (70—80 g) were rendered

embedded in paraffin, and sectioned (5 microns thick) for the followingiabetic as described above with 100 mg/kg streptozotocin (STZ). An insulin-
techniques: (a) stain with hematoxylin and eosin (H and E), or (b) immungreated group was maintained on 2-5 U insulin/day. Thirty days after STZ
histochemical analysis with proliferating cell nuclear antigen (PCNA) (belowfreatment, rats were anesthetized with sodium pentobarbital (100 mg/kg; 4

Apoptosis and mitosis. Light microscopic analysis of hematoxylin and ml/kg in water) and their livers were perfused under using the standard,
eosin (H and E)-stained slides (Bursehal, 1985) at a magnification of 40  two-step collagenase technique. The cells were washedn3Dulbecco’s
was used to quantitate the percent of mitotic and apoptotic hepatocytes for edéifimal Essential Medium at 5& g for 45 s, after filtration through 80 and
lobe. Apoptotic hepatocytes were identified by morphologic criteria, whic#0 1m nylon mesh. Cell viability was determined by exclusion of 0.4% trypan
include increased eosinophilic cytoplasm, darkened nucleus, and pykndtige. Cells were initially fixed in methanol, then DNA was stained with0
separation of cytoplasmic membrane from neighboring hepatocytes. Morpipeepidium iodide. A FACS-Analyzer, with a 75 or 1Q0m orifice, was used
logically determined apoptotic indices were confirmed with a fluorescetat quantitate DNA at 463-507 nm (excitation) and 532—658 nm (emission) in
microscopic technique (Stinchcomkee al, 1995), which takes advantage of 10,000 events. The data were analyzed with a Becton-Dickinson Consort 30
the degree of enhanced eosinophilia of the apoptotic hepatocyte under flp@gram and were corrected for both aggregated and binucleated hepatocytes.

rescent light. Each group of apoptotic bodies was counted as one apOptOtigtatistics Means and SE for all data were analyzed by ANOVA followed
event due to the short period of apoptosis and the possibility of missing a small )

nearby body. Mitotic figures were recognized most often when the hepatocy %(SDunnett s posthoc test (Gad and Weil, 1986). The significance level was set

were in metaphase; hepatocytes in late prophase or anaphase were aalgo< 0.05.

counted.
From each lobe of each liver, at least 2000 contiguous hepatocytes were

randomly examined to obtain a representative apoptotic or mitotic hepatocyte RESULTS

count. The general field size was 36 10° mn?. The numbers of mitotic

figures in all lobes of one rat liver were averaged to provide a single sample.

For the apoptotic and mitotic indices, the total number of either category whiver and Body Weight

divided by the number of hepatocytes counted and expressed as a percentage

of hepatocytes undergoing mitosis or apoptosis in a given tissue sample. ~ Although there was no difference in initial body weights
Proliferating cell nuclear antigen. Immunohistochemistry was performed@mong the groups, diabetes caused a failure to gain body

on liver sections using a 1:80 dilution of PC-10 (Biogenex, San Ramon, CA)eight, relative to normal, that became more pronounced from

a monoclonal antibody to proliferating cell nuclear antigen (PCNA), proteig to 30 to 90 days after STZ treatment (Table 1) Administra-
kinase C (PKC), and a key protein expressed in eukaryotic cells during DI\hA )

replication (Bravo, 1986; Celist al, 1987; Mathews, 1989). This was carried on of insulin partlally restored the bOdy Welght in 30- and

out according to previously published methods, with major modifications (S80-day diabetic rats as compared to normal controls. At 30
et al, 1991). Paraffin-embedded sections of tissue were deparaffinized af@lys after STZ, only the livers from diabetic rats increased in
cooled to room temperature. The slides were then incubated with a”“'PCWeight, whereas in the 90-day treatment groups, both the

antibody (Biogenex) for 45 min at room temperature and 45 min at 37°C. Th . . . . . . .
tissues were then incubated with biotinylated anti-mouse IgG for 20 mi ’|abet|c and insulin-treated diabetic rats had increased liver

followed by the addition of avidin-conjugated peroxidase (Biogenex). Antveight when compared to normal. The ratio of liver weight to
body binding was visualized with the chromagen 3-amino-9-ethyl-carbazdi®@dy weight (relative liver weight) was 112% of normal in
(Zymed, San Francisco, CA). Finally, the tissues were counterstained Wiigbetic rats at 8 days, and 144% of normal at 30 days. Insulin

h lin. PCNA-positive h istinguish h lati . . . . . .
ematoxylin. PCNA-positive hepatocytes, distinguished by the accumu at'ﬂ’éatment normalized the relative liver weight in 30-day dia-
of red pigment in their nucleus, provide an indication of the number Q

hepatocytes engaged in replicative DNA synthesis. The labeling index v@@tic rat_s, bL_Jt only atter)uate.d the 2.3-fold increase in relative
calculated in the same way as the apoptotic and mitotic indices above. liver weight in 90-day diabetic rats.
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Far . cells per field as 8-day animals. The 90-day diabetic rats had

Mitctlc bndox significantly more cells per field than 30-day diabetic or 90-day
Qs .. © o Rday ~normal rats. Cells per field ratios of 30- and 90-day insulin-
- . Maoh anday . treated groups were intermediate between normals and diabet-
5 b S amoay ¢ ics.
2 peg, : ;
= : . ] i PCNA Labeling Index
S i i g No changes in DNA replication were observed in rat livers
i ’ 5?:'{ ., after 30 and 90 days of diabetes (Fig. 2). However, both the 30-
Ly e - ' o L
J,/ - e - and 90-day insulin-treated rats showed significantly lower
0 - ;}’%ﬂ ffﬂﬁ . PCNA labeling indexes, reflecting fewer cells in S-phase. This
arameter was not examined on the livers excised from rats 8
£ - . _ apoptotic Index

days after STZ.

raploid and binucleated hepatocytes increased with age. Dia-

& oo Ploidy Distribution

= o

a e ) The proportion of diploid hepatocytes decreased with age in
2 oo ﬁ normal, untreated rats (Table 2), while the proportion of tet-
E .

€

0. ﬁ ' betic rats, however, had 513% more diploid hepatocytes, 29%
é’ fewer tetraploid hepatocytes, 81% fewer octaploid hepatocytes,
% and 20% more binucleated hepatocytes than age-matched nor-
nm L L, 3
roral dabisic:  insLLn-nsatesd
Trealmen Eaup N G " A Rati gy |
. Ge pqr rea a.lu bae s aday |

FIG. 1. Mitotic index and apoptotic index in livers of normal, diabetic, .
and insulin-treated diabetic rats at 8, 30, and 90 days after STZ treatment (see €n
Materials and Methods). For the apoptotic and mitotic indices, the total number

of either category was divided by the number of hepatocytes counted, th Y
multiplied by 100 to express the percentage of cells undergoing mitosis o
apoptosis in a given tissue sample. *Significantly different from normat,
0.05. #Significantly different from diabetip, < 0.05.

s M auy

Crlls | FigkS

Mitotic and Apoptotic Indices

The mitotic index (Fig. 1) in livers was increased to 300% of
normal 8 days after STZ, was normal after 30 days of diabetes,
and was 75% less than normal after 90 days. Insulin treatment,, , .
led to reduced levels of mitosis when compared to the no }?
insulin treated STZ-induced diabetic rats at both 30 and 9@ f;; '
days. Trends in apoptotic indices (Fig. 1) paralleled those ig 57 ,ff“
mitotic indices, except that 8-day diabetic rats showed normal '
levels of apoptosis. The apoptotic index was significantly reJ_a:zf- )
duced in the 90-day diabetic rats when compared to normal. €= -
The apoptotic indices in both the 30- and 90-day insulin-treated
groups were lower than normal controls. No consistent differ-
ences were observed among lobes in any livers from any group **
at any time point.

FCMA Labeling

s

Traalmeanl SEraup
Cells per Field

FIG. 2. Cell area ratio (cells counted per unit area of liver tissue) and

The size of cells was quantitated by counting the numberlspeling index as determined by PCNA labeling (number of PCNA labeled

. . . . hepatocytes divided by total number of hepatocytes counted) in livers of
hepatocytes per field (Flg. 2)' Normal and diabetic rats, 8 dal¥0§mal, diabetic, and insulin-treated diabetic rats at 8, 30, and 90 days after

after STZ, had similar numbers of hepatocytes per field. By 337 treatment (see Materials and Methods). *Significantly different from
days, both normals and diabetics had less than 50% as maswhal,p < 0.05. #Significantly different from diabetip, < 0.05.
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TABLE 2 pressed by 90 days. However, cell-cycle indicators in insulin-
Effect of Age (Days after Birth) on Hepatocyte Ploidy Distri- treated diabetic controls were significantly different from both
bution (% of Total Hepatocytes) in Untreated Normal Male Wistar normals and diabetics. The decrease in PCNA labeling sug-
Rats gests a G or G,-phase block, similar to that seen with certain
anticancer agents (Tamueaal., 1992). This may indicate that

21 days 35 days 49 days insulin treatment itself actually decreases proliferative capacity
Diploid 60.0+ 1.2 16.3+ 1.0 6.8+ 1.1 as reflected in the mitotic index, resulting in delayed or inap-
Tetraploid 40.0= 0.9 73.1+ 0.9 77.3= 1.0 propriate response to tissue injury.
Octaploid ND 10.6- 0.3 15.9+ 19 Insulin treatment of induced diabetes has been shown to
Binucleated 17.9- 0.6 20.0*= 1.7 21.8+ 0.5

bring about disruptions in responses to insulin binding in the
Note.Values represent meah standard error of % of total hepatocytes inl!Ver (Haft’ 196.8; Le Marchanet alj’ 1977)' Ordma_mlyj INSu-
34 rats. lin, a proven mitogen, leads to activation of protein kinase and
ND, not detectable. thus stimulates cellular proliferation (Cohen, 1992). However,
in STZ-induced diabetes, decreased phosphorylation o3the
subunit of the insulin receptor leads to decreased receptor
mals (Table 3). Insulin attenuated the diabetes-induced diff&inase activity (Kadowaket al, 1984), which may explain
ences in ploidy distribution, but did not restore ploidy tavhy insulin treatment decreases cell proliferation as observed

normal levels for any cell type. by decreased replicative DNA synthesis (Fig. 2) and mitotic
indices (Fig. 1).
DISCUSSION One factor that the untreated diabetic liver experiences, and

that the insulin-treated rat liver does not, is hyperglycemia. In

This study examined several mechanisms possibly involvéatt, elevated glucose concentrations are known to activate
in the hepatomegaly that is observed in STZ-induced insuliisoforms of protein kinase C (PKC) in several tissues (Porte
dependent diabetic rats, including increased hepatocyte praditd Schwartz, 1996). Furthermore, five PKC isoforms have
eration, decreased apoptosis, and hypertrophy. Time-coubsen found in hepatocytes (Crogqetal, 1996), at least 3 of
studies have shown that the toxic effects of STZ, while stiWhich are increased in liver cells from STZ-induced diabetic
apparent after one week, disappear by 30 days (Watkins aats (Tanget al, 1993). In hepatocytes, PKC is an intermediate
Sanders, 1995), so that any abnormalities are attributable to step in the insulin transduction pathway that activates mitogen-
disease state. activated protein kinase (Adackt al, 1996). PKC also in-

Cell size is related to ploidy because a polyploid cell hageases growth and proliferation of vascular smooth muscle
more chromatin and thus a larger size than a diploid celélls when stimulated with glucose (Yasunatial, 1996).
(Watanabe and Tanaka, 1982). In normal rats, the proportionTdfus, high levels of glucose may activate PKC, which then
diploid cells sharply decreases and the polyploid populationodulates activation of mitogen-activated protein kinase. This
increases with increasing age (Table 2), as has been ss@mthanism would not occur in insulin-treated diabetics, due to
elsewhere in rats (Sanet al, 1996; 1997) and in humanslowered glucose levels and possible inhibition of the insulin
(Kudryavtsevet al, 1993). However, the high proportion ofreceptor by PKC isoforms.
diploid cells actually observed in the liver of a 7-week-old, In addition, decreased frequency of apoptosis may also help
30-day diabetic rat (Table 3) corresponds to that in a normal rat
midway between 3 and 5 weeks of age (Table 2). Thus, the

higher proportion of smaller cells would lead one to expect AL ffect of Streptozotocin-Induced Diabetes on Hepatocyte

Sma”?r liver SIZ'e, r_10t !arger as ,Obse.rveq o Ploidy Distribution (% of Total Hepatocytes) in 49-Day-old
An increase in diploid:polyploid ratios is one criterion Use§yistar Rats

to distinguish precancerous or cancerous liver tissue or other
chronic liver diseases, including hepatitis and cirrhosis, froRepatocyte type Normal 30-day Diabetic Insulin-treated
normal liver (Antiet al, 1993). In addition, diploid hepato-

TABLE 3

cytes are at higher risk for genetic mutation when compared®#'°d 6.8+ 11 aL7=9.0 257 4.3
their polyploid counterparts (Schwarzs al, 1984). This is Tetraploid 713510 5.3+ 81 68.5= 3.0

polyploid cc P warss al, 1 - IS IS octaploid 15.9+ 1.9 3.0+ 1.4° 58+ 1.3
borne out by clinical data from diabetic individuals indicatinginucleated 21.8- 05 26.2+ 0. 19.4+ 0.8
that the liver is the most likely tissue to become cancerous (kggregates 2.5 0.6 5.2+ 1.3 52+ 0.9
Vecchiaet al,, 1994). In this study, however, no foci or lesions _
were observed in livers from diabetic animals. Note.Values repres_ent meaﬂ standard error qf % pf total hepatocyte_s in

4 normal rats, 9 rats diabetic for 30 days, and 4 insulin-treated 30-day diabetic

Cellular proliferation characterizes potential hyperplastic tis;, .
sue. The surge in mitotic activity in diabetic rats immediately =sjgnificantly different from normalp < 0.05.
after STZ treatment is normalized by 30 days, and even de‘Significantly different from diabetigy < 0.05.
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to produce the hepatomegaly of diabetic liver. Apoptosis plaghatila, R., and West, A. B. (1996). Hepatomegaly and abnormal liver tests

a key role in eliminating potentially damaged cells and regu_due to glycogenesis in adults with diabetédedicine (Baltimore)75,

lating overall cell numbers by active protein and RNA synthe- 821-333.

sis (Wyllie et al, 1984) and in the absence of de novo proteiﬁohen, P. (1992). Signal integration at the level of protein kinases, protein
. § . R hosphatases, and their substraleéends Biochem. Scl7, 408—413.

synthesis (Martiret al,, 1994). For a tissue to maintain its size phosp

- s Croquet, F., Brehier, A., Gil, S., Davy, J., and Feger, J. (1996). Five isoen-
the apoptotic rate must closely parallel the mitotic rate. In the mes of protein kinase C are expressed in normal and STZ-diabetic rat

. . Z
prgsent .S'tu.dy, the control and !nSU||'n't.reated groups S'howeq)(;patocytes: effect of phorbol 12-myristate 13-acetBtechim. Biophys.
this equilibrium. However, the diabetic liver showed a signif- Acta1315 163-168.

icant decrease in apoptosis. Gad S., and Weil C. S. (1986%tatistics and Experimental Design for Toxi-
The inhibition of protein synthesis may inhibit apoptosis. cologists Telford Press, New Jersey.

Thus, the overall decrease of liver protein synthesis, as preMbft, D. E. (1968). Studies of the metabolism of isolated livers of normal and
ously observed in untreated insulin-dependent diabetes mellialloxan-diabetic rats perfused with insulidiabetes17, 244-250.

tus (Jeffersoret al, 1983), may contribute to the decreasedeidland, A., Ling, H., Vamvakas, S., and Paczek, L. (1996). Impaired
hepatic apoptosis observed in this study. The decrease jproteolytic activity as a potential cause of progressive renal disease [review].
apoptosis in the insulin-treated group, relative to controls, alsd"ner Electrolyte. Metab22, 157-161.

may be due to the decrease in insulin responsiveness seefUfffen. U. L., Cao, A, Rumble, J. R., Cooper, M. E., and Johnston, C. I.

induced diabetes mentioned above. Insulin has different effect§-2°%): Vaseular hypertrophy and albumin permeabilty in a rat model
ombining hypertension and diabetes mellitus. Effects of calcium antago-

on _appptosis, depend[ng on the tissue type, and leads to bofhsm, angiotensin converting enzyme inhibition, and angiotensin 11-AT1-
inhibition and stimulation (Tanakat al., 1995; Yanget al., receptor blockadeAm. J. Hypertens9, 895-901.

1996). Thus, insulin may be able to modulate processes actiy&ashi, M., Wakasaki, H., Takahara, N., Ishii, H., Jiang, Z. Y., Yamauchi, T.,
in apoptosis in different tissue types, perhaps by alterations irkuboki, K., Meier, M., Rhodes, C. J., and King, G. L. (1999). Glucose or
tyrosine kinase activity. diabetes activates p38 mitogen-activated protein kinase via different path-

This study evaluated several different parameters of liver¥@ys-J Clin. Invest103 185-195.

growth and their role in the hepatomegaly that follows thegfferson, L. S., Liao, W. S., Peavy, D. E., Miller, T. B., Appel, M. C., and

; . . . . : Taylor, J. M. (1983). Diabetes-induced alterations in liver protein synthesis.
induction of diabetes. Diabetic hepatocytes were predomi Changes in the relative abundance of mRNAs for albumin and other plasma

nan;ly in the diploid state. Diabetic livers showed high prolif- ,oteins.J. Biol. Chem258 1369-1375.

gratlpn 'rates soon after STZ treatment, followed by decrea%%ﬁowaki' T, Kasuga, M., Akanuma, Y., Ezaki, O., and Takaku, F. (1984).
in mitotic rate, to the extremely low rate seen at 90 days aftelbecreased autophosphorylation of the insulin receptor-kinase in streptozo-
STZ. Mitogen-activated protein kinase stimulation by insulin tocin-diabetic ratsJ. Biol. Chem259, 14208—-14216.

and PKC was suggested as an explanation of this occurrenagiryavtsev, B. N., Kudryavtsev, M. V., Sakuta, G. A., and Stein, G. I. (1993)
Tissue apoptosis was decreased in the diabetic liver, but onlyiuman hepatocyte polyploidization kinetics in the course of life cycle.
by 90 days. Extracellular matrix expansion, which was not Virchows Arch.. B Cell Pathol. Incl. Mol. Pathd4, 387-393.
evaluated in this study, remains a plausible explanation as w&ime, E., Off]m@hi{ Yih ltagé;)ki, St-, Tf;l]mura.fK-i an:i Doti, K. (1394).dH§pztif
H H anges of mice In the supacute ase o1 streptozotocin-inauce lapetes.

Thus, diabetic hepatomegaly appears to be due to hyperplas%(p_%’roxicol_ Patholdt, 365374 P P
and decreased apoptosis. i ) )

La Vecchia, C., Negri, D., Franceschi, S., D’Avanzo, B., and Boyle, P. (1994)

A case-control study of diabetes mellitus and cancer Bsit. J. Cancer70,
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