






CYCLIN E FOR CANCER PROGNOSIS 

Fig. 3. Altered expression of cyclin E may be a general phenomenon in cancer. A, whole cell lysates were extracted from the indicated tumor tissues and normal adjacent tissue. 
(Each paired sample was obtained from the same patient). Cancer types are: Lung, adenosquamous carcinoma; Stomach, malignant gastrointestinal stromal tumor; Kidney, renal cell 
carcinoma (NAT samples were obtained from the surrounding kidney with mild chronic inflammation); Pancreas, infiltrating adenocarcinoma arising in tubular adenoma; Colon, 
invasive, poorly differentiated, mucin-secreting, signet ring adenocarcinoma. B, no normal adjacent tissue was available from these tumor samples. Lane 1, uterine leiomysarcoma, grade 
IV; Lane 2, uterine leiomysarcoma, grade II/III; Lane 3, moderately differentiated endometrial adenocarcinoma; Lane 4, well differentiated endometrial adenocarcinoma, grade II; Lane 
5, papillary serous carcinoma of the ovary; Lane 6, poorly differentiated serous adenocarcinoma of ovary with psammoma bodies; Lane 7, testicular tumor, seminoma; Lane 8, metastatic 
esophageal adenocarcinoma; Lane 9, primary tumor is melanoma which has metastasized to the spleen. Protein extracts were analyzed on Western blots (100 p.g of protein extract/lane) 
and hybridized with the indicated antibodies. Arrows, the predominant proteins reacting with the indicated antibodies. Molecular mass standards were used on each gel to estimate the 
position of each band. C, Cyclin E is altered in prostate cancer. Whole cell lysates were extracted from several normal and prostatic cancer samples with the following specifications 
and Gleason's grade. Gleason's grade is a combined score of two distinct microscopic areas of the tumor used to quantify the overall degree of histological anaplasia; a higher grade 
correlates with a higher risk of metastases and worse prognosis. Lane 1, atypical hyperplasia, normal; Lane 2, local-atypical hyperplasia, normal; Lane 3, adenocarcinoma, grade 5/10 
(Lanes 2 and 3 are a matched pair from the same patient); Lane 4, adenocarcinoma, grade 3/4; Lane 5, adenocarcinoma with mild hyperplasia, grade 3 § 2 = 5; Lane 6, adenocarcinoma, 
grade 3 + 3 = 6; Lane 7, adenocarcinoma with slight hyperplasia, grade 3 + 4 = 7; Lane 8, adenocarcinoma with moderate hyperplasia, grade 3 + 4 = 7; and Lane 9, adenocarcinoma 
with moderate hyperplasia, grade 3 + 4 = 7. Protein extracts were analyzed on Western blots (75) p.g of protein extract/lane) and hybridized with the indicated antibodies. Arrows, 
the predominant proteins reacting with the indicated antibodies. Molecular mass standards were used on each gel to estimate the position of each band. 

a true normal versus tumor difference. Collectively, these observations 
suggest that cyclin E alterations are of general occurrence, irrespective 
of the tumor origin. 

Cyclin E alterations and PCNA levels were also examined in whole 
cell lysates prepared from surgical samples obtained from several 
prostate cancer patients and subjected to Western blot analysis and are 
shown according to Gleason's grade (a histological score used in the 
pathological description of prostate cancer due to its correlation with 
subsequent metastases and prognosis; Fig. 3C). These analyses re- 
vealed that, in the prostate NAT samples, cyclin E was present at very 
low to undetectable levels. However, there were at least two isoforms 
of cyclin E protein present in most tumor samples examined, and the 
expression level of these isoforms increased with increasing tumor 
grade (with the exception of Fig. 3, Lane C5). There was a high 
cellular proliferative activity in the hyperplastic NAT samples as 
evident by the PCNA levels. The PCNA levels increased with increas- 
ing tumor grade; however, the difference in cyclin E expression be- 
tween NAT and tumor tissue was higher than that of PCNA. These 
observations suggest that cyclin E alteration is a general event which 
occurs in tumor and not proliferating normal cells. 

Alteration of Cyclin E in Lymphatic Leukemia. In order to 
assess the generality of cyclin E alteration in cancer and in non-solid 
tumors, we next examined blood samples from leukemia patients for 
the presence of cyclin E alterations. Fig. 4A depicts Wright's stain of 
peripheral blood lymphocytes from a normal (N) volunteer and the 
three CLL/PL patients (L1-3). Whole cell lysates prepared from lym- 
phocytes, isolated by centrifugation of whole blood through ficoll 
gradient, were subjected to Western blot analysis (Fig. 4B). In the 
normal volunteer, the pattern of expression of cyclin E protein is 
indicative of nontumorous tissue as evident by very low levels of 

different cyclin E isoforms. In the CLL/PL patient with stage A form 
of the disease, there was a shift in the form of cyclin E protein 
expression but very little, if any, alterations. Only the Mr 50,000 cyclin 
E protein was moderately overexpressed. In the patient with stage B 
of the disease, however, there was a strong overexpression of the Mr 
50,000 cyclin E protein and the appearance of the lower molecular 
weight isoforms of the protein. Finally, cyclin E alteration was most 
pronounced in a stage C CLL/PL patient, as evident by the overex- 
pression of proteins ranging in size from Mr 35,000-50,000 (Fig. 4B, 
Lane L3 and L3 (TX). There was no difference in the pattern of cyclin 
E protein alteration before (L3) or 6 days into a 7-day treatment with 
infusion of 2-chlorodeoxy-adenosine [L3 (TX)], suggesting that the 
cyclin E producing leukemia cells were not preferentially killed dur- 
ing this treatment, even though the total number of lymphocytes was 
considerably reduced. PCNA levels in all the samples were quite 
similar, indicating that there are proliferating cells at every stage of the 
disease as well as in the normal lymphocytes. Thus, PCNA measured 
only cellular proliferative activity and did not differentiate between 
normal versus tumor cells. 

In summary, we have examined the alterations of cyclin E protein 
in surgical material from 42 cancer patients and (a) have corroborated 
our previous in vitro observations (21) using cultured normal versus 
tumor breast ceils by extending them to the in vivo condition. We 
observe that cyclin E undergoes very similar alterations in vivo as in 
vitro; therefore, the overexpression and alteration of cyclin E in is not 
an artifact of culture conditions and represents an in vivo phenom- 
enon; (b) our data suggest that the alteration of cyclin E becomes more 
severe with breast tumor stage and grade and is more consistent than 
cell proliferation or other tumor markers such as c-erb B2 or cyclin 
D1. Hence, the altered expression of cyclin E in the breast tumor 
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Fig. 4. Alteration of cyclin E in peripheral blood lymphocytes from patients with 
chronic lymphocytic leukemia exhibiting a prolymphocytic morphology A, peripheral 
blood lymphocytes demonstrated by Wright-Giemsa stain from normal donor (N) or three 
patients with chronic lymphocytic leukemia (L1-3) with predominant prolymphocytic 
morphology. B, peripheral blood mononuclear cells, containing mostly lymphocytes, were 
purified from whole human blood by Ficoll-Paque gradient centrifugation; whole cell 
lysates were extracted and subjected to Western blot analysis (at 100 /xg/lane) and 
hybridized with the indicated antibodies. Lane 1, lymphocytes from a normal donor; Lane 
2, lymphocytes from a patient with indolent CLL/PL, clinical stage A (34); Lane 3, 
lymphocytes from a patient with CLL/PL, stage B; Lane 4, lymphocytes from a patient 
with CLL/PL, stage C, before treatment with 2-chlorodeoxyadenosine; and Lane 5, lym- 
phocytes from same patient as in Lane 4 but taken 6 days after initiation of therapy with 
2-chlorodeoxyadenosine given by 7-day i.v. infusion. 

s amples  is not  a mere  consequence  o f  cell  p ro l i fe ra t ion  and represents  

a true d i f fe rence  a m o n g  NAT and low and h igh  stage and grade  tumors  

and  as such  represents  a potent ia l  n e w  prognos t i c  marke r  for  breast  

cancer ;  and  (c)  a l tera t ion o f  cyc l in  E is a genera l  p h e n o m e n o n  w h i c h  

occurs  in all 12 k inds  o f  sol id tumors  e x a m i n e d  as wel l  as b lood  

samples  f r o m  pat ients  w i th  chron ic  l y m p h o c y t i c  l eukemia  exhib i t ing  

a p r o l y m p h o c y t i c  morpho logy .  

Fu ture  s tudies  shou ld  de l inea te  the m e c h a n i s m  o f  this a l tera t ion in 

the t umor  cel ls  and  e x a m i n e  the c o n s e q u e n c e s  o f  cyc l in  E a l tera t ions  

in the t r ans fo rma t ion  process.  The  genera l  a l tera t ions  o f  cyc l in  E 

prote in  observed  in mos t  t u m o r  samples  e x a m i n e d  is sugges t ive  o f  its 

role as an oncogene .  Recen t  in  v i t ro  s tudies  p ropose  that  cyc l in  E 

a l tera t ions  in t u m o r  cells  m a y  be in part  due to gene  ampl i f i ca t ion  and 

de le t ional  mu ta t ions  o f  the cyc l in  E gene  (19, 21). 4 Fur the rmore ,  in 

s y n c h r o n i z e d  popu la t ions  o f  t umor  cells w h i c h  ampl i fy  the cyc l in  E 

gene,  cyc l in  E prote in  is no longer  cell  cyc le  regu la ted  and  appears  

cons t i tu t ive ly  in the cell cycle .  4 Final ly ,  to e x a m i n e  the potent ia l  use 

o f  cyc l in  E c l in ica l ly  as a p rognos t i c  marke r  in cancer,  p rospec t ive  

s tudies  wi th  a larger  n u m b e r  o f  pa t ients  are required.  

4 K. Keyomarsi et al., unpublished observations. 
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