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~ N C I  

ABSTRACT 

High Performance Gel Permeation Chromatography (CPC) was evaluated as an 
alternative to the more expensive Nuclear Magnetic Resonance (NMR) spectros- 
copy technique presented by Fossel and co-workers ( 1 )  f o r  cancer detection 
using human plasma. These two techniques show a biphasic relationship which 
can be explained on the basis of the relative amounts of the lipoprotein 
levels present i n  the plasma and a good correlation (Table 1 )  with total 
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648 CHMURNY ET AL. 

triglyceride concentrations obtained from standard blood tests. The major 
difference in the CPC elution profiles (254 nm) of plasma from normal in- 
dividuals and that from cancer patients occurred in the peak eluting at the 
void volume. This peak has a retention time consistent with very low den- 
sity lipoprotein (VLDL) and is elevated in most cancer patients and in 
normal patients with triglyceride levels greater than 200 mglml. The use of 
these techniques as a screening test for cancer in an asymptomatic popula- 
tion needs further evaluation. 

INTRODUCTION 

For over thirty years cancer researchers have searched for a possible 

tumor marker in plasma, sera and other biological fluids (2,3). At present 

no marker for general screening of cancer is in clinical use; certain 

markers for  malignancies of specific organs have a role in clinical manage- 

ment post-treatment (4). 

It has been observed (5 )  that in serum from patients with malignancies, 

there is a notable decrease in linoleic acid and a marked increase in 

stearic and palmitic acids. Barclay and Skipski ( 6 )  found over a decade ago 

that the presence of cancer in man influences the metabolism of 

lipoproteins. Some distinct patterns were (a) an elevation of very low 

density lipoprotein (VLDL) concurrent with low levels of a-lipoproteins. 

specifically high density lipoprotein (HDL,); and (b) unusually high values 

for HDLl, together with low values for other HDL's. 

In a study of 133 cancer patients Bucovaz ( 7 )  found that B-protein 

levels accurately reflected the patients' response to chemotherapy or 

surgery. A chromatographic procedure was later used for the purification Of 

this protein from human serum ( 8 ) .  

The water-suppressed proton NMR spectrum of plasma is dominated by the 

resonances of plasma lipoprotein lipids. Fossel and co-workers ( 1 )  have 

suggested that measurement of the mean line widths of the methyl and 

methylene resonances correlates with the presence or absence of malignant 

tumors. They concluded that this correlation is a potentially valuable 
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GPC AND NMR IN CANCER DETECTION 649 

approach to the detection of cancer and the monitoring of therapy. Since 

its publication in November 1986, this test has been actively evaluated in a 

number of laboratories ( 9 1 ,  but few detailed reports have appeared. 

High performance gel permeation chromatography is a simple and inexpen- 

sive technique which can be used for the separation of human serum proteins 

and lipoproteins (10-12). We have therefore used it to determine if there 

is a difference in the plasma protein elution profiles between cancer 

patients and normal subjects, in the hope that these differences can be used 

as potential tumor indicators or to follow the progress of a cancer 

treatment. The results obtained from the above analyses will be compared to 

those obtained by nuclear magnetic resonance spectroscopy (NMR) using the 

procedure described by Fossel et al. (1). 

EXPERIMENTAL 

Materials: 

Lipoprotein standards, very low density lipoprotein (VLDL #L-2264), low 

density lipoprotein (LDL llL-2139) and high density l i p o p r o t e i n  

(HDL CL-2014), were purchased from Sigma Chemical Company. The gel filtra- 

tion molecular weight standards and gel permeation column were obtained from 

Bio-Rad Laboratories. Potassium phospates, mono and dibasic. were purchased 

from Fisher Scientific Company. 

Equipment: 

A Perkin Elmer Series 4 Chromatograph and a Hewlett Packard l O 4 O A  HPLC 

Detection System interfaced with a Hewlett Packard 85 personal computer 

equipped with a 82901M Flexible Disc Drive were used in all the analyses. 

Peak areas were electronically calculated using a Hewlett Packard 3357 

integration system. Proton NMR spectra were obtained using a GE-NMR NT-300 

wide bore spectrometer with a 1280 data system. 
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650 CHMURNY ET AL. 

Chromatograph ic  C o n d i t i o n s :  

Plasma samples  ( 2 5  p l  i n j e c t i o n  volume) were a n a l y z e d  on a 300 x 7.5 mm 

B io -S i l  TSK-400. g e l  p e r m e a t i o n  column u s i n g  a mob i l e  phase  o f  25 m M  p o t a s -  

s i u m  p h o s p h a t e ,  pH 7 . 0 ,  a t  a f l o w  r a t e  o f  1 .0  ml/min. The e f f l u e n t s  were 

mon i to red  a t  254 and 414 nm. Phospha te  b u f f e r  s o l u t i o n s  were made by a d d i n g  

4 . 3 5  g r a m s  o f  d i b a s i c  p o t a s s i u m  phospha te  ( K , H P O , )  t o  1 l i t e r  o f  d e i o n i z e d  

d i s t i l l e d  water a n d  t i t r a t e d  t o  pH 7 . 0  w i t h  25  m M  m o n o - b a s i c  p o t a s s i u m  

phospha te  (KH,PO, ,  3.40 grams i n  1 l i t e r  o f  water).  The b u f f e r  was f i l t c r c d  

a n d  d e g a s s e d  b e f o r e  u s e  a n d  m a i n t a i n e d  u n d e r  h e l i u m  t h r o u g h o u t  t h e  

e x p e r i m e n t .  

P r o t o n  N M R  S p e c t r a :  

Tempera tu re  was m a i n t a i n e d  a t  21-22’C and c a l i b r a t e d  w i t h  n e a t  e t h y l e n e  

g l y c o l  e x t e r n a l l y .  The 5 mm p r o t o n  p robe  was  d e t u n e d  by 3 MHz t o  p r z v e n t  

l i n e - b r o a d e n i n g  c a u s e d  by r a d i a t i o n  d a m p i n g .  The i n s t r u m e n t  was t h e n  

shimmed t o  o b t a i n  a w a t e r  r e s o n a n c e  o f  4 Hz or  l e s s  i n  w i d t h  b e f o r e  N M H  

s p e c t r a  o n  i n t a c t  p l a s m a  w e r e  o b t a i n e d  n o n s p i n n i n g  a n d  u n l o c k e d ,  w i t h  t h e  

f o l l o w i n g  p a r a m e t e r s :  16  a c q u i s i t i o n s ,  6 s e c  p r e s a t u r a t i o n  a t  t h e  w a t e r  

l i n e  w i t h  22. 4 w a t t s  of c o n t i n u o u s  wave d e c o u p l e r  power i n  t h e  e x t e r n a l  

mode; 90” (18 p s e c )  a c q u i s i t i o n  p u l s e ;  s p e c t r a l  w i d t h  t 1 3 0 0  H e r t z  (Hz); 

a c q u i s i t i o n  t i m e  1.57 s e c ;  8192 p o i n t s  z e r o  f i l l e d  t o  16384;  l i n e  b r o a d e n i n g  

( L B )  2 Hz. The shimming was done on e a c h  sample  by an  o p e r a t o r  who o b s e r v e d  

t h e  f r e e  i n d u c t i o n  decay .  A d i g i t a l  r e s o l u t i o n  o f  0 .63  and a LB o f  2 .0  Hz 

g i v e s  an  o v e r a l l  r e s o l u t i o n  o f  1 .26 Hz compared t o  2.93 Hz used by F o s s e l .  

A n a l y s e s  o f  N M R  s p e c t r a  w e r e  o b t a i n e d  as f o l l o w s :  Expanded p l o t s  o f  

1 0  Hz p e r  ern w i t h  t h e  CH, peak a p p r o x i m a t e l y  20 cm h i g h  w e r e  made of  t h e  

C H , / C H ,  r e g i o n .  B a s e l i n e s  a n d  l i n e  w i d t h s  w e r e  o b t a i n e d  a s  i n  F o s s e l ’ s  

p r o c e d u r e  ( I f .  The a v e r a g e  l i n e  w i d t h  (Avf ih )  was o b t a i n e d  a s  t h e  a v e r a g e  o f  

t h e  w i d t h s  a t  h a l f - h e i g h t  of t h e  CH, and CH,  r e s o n a n c e s  c e n t e r e d  n e a r  1 . 3  

and 0 . 8 8  p a r t s  p e r  m i l l i o n  (ppm),  r e s p e c t i v e l y .  
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GPC AND NMR IN CANCER DETECTION 65 1 

Preparation of Plasma for GPC and NMR Analysis: 

The whole blood (7-10 ml) was collected into lavender top, evacuated 

glass tubes containing EDTA and immediately placed on ice until processing. 

The plasma was prepared for analysis by centrifugation of the whole blood at 

3,000 x g (5,000 rpm) for  20 minutes at 0-4'C in a Beckman 5-218 centrifuge 

using a JA-34 rotor. The clear yellow supernatant (plasma) was separated 

from the red blood cells using a pasteur pipet and stored at 4 O C .  

(Discolored (red) plasma was discarded because the presence of lysed cells 

was shown to interfere with both GPC and NMR tests.) NMR and GPC analyses 

were performed within 24 hours of collection. 

Patient Selection: 

Blood samples were collected from normal employee volunteers during 

routine periodic health evaluations at three locations. Frederick Cancer 

Research Facility (FCRF), Frederick, MD; National Institutes of Health 

(NIH), Bethesda. MD; National Cancer Institute (NCI). Blood was obtained 

from cancer patients under treatment for a variety of different malignancies 

at FCRF and NCI. Informed consent was obtained from all participants who 

completed a short data sheet providing information on recent diet, smoking, 

medications, day in menstrual cycle for women, and general medical history. 

RESULTS AND DISCUSSION 

Chromatograms obtained from the CPC separations of plasma from a heal- 

thy individual and a treated breast cancer patient are shown in Figures 1 A  

and 1 9 ,  respectively. These profiles are typical of the results obtained 

from a selection of normal individuals and patients with a variety of malig- 

nant conditions. The peak eluting at a retention time of approximately 6 

minutes represents the high molecular weight ( > l o 6  Daltons) plasma 

lipoprotein particles and aggregates. The large peak eluting at a retention 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
4
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



652 

I 

A 

E 
f 
3 
0 
OD 
C 
Q n 
3 
LT 

Albumin 

- 
E 

3 

C 

f 
2 

2 
t 
c 
0 

"VLDL" 

I 
5 10 15 

Time (min) 

CHMURNY ET AL. 

Albumin 

"VLDL" 

I I I 
5 10 15 

Time (min) 

FIGURE 1 
A Typical CPC Profile from Plasma of a Normal Individual, (experimental 

details in text). 

B Typical CPC Profile from Cancer Plasma of a Breast Cancer Patient Who 
Had Been Treated, (experimental details in text). 

time of approximately 11 minutes is consistent with albumin, a major con- 

stituent of human plasma. The major difference between the two 

chromatograms in Figures 1 A  and B is the increase in the peak eluting at 6 

minutes found in the majority of cancer patients. 

This high molecular weight peak which elutes in the void volume 

(retention time - 6 minutes) was shown to contain VLDL, based on comparisons 
with the elution profiles of Sigma Standards: VLDL, LDL and HDL (Figure 
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FIGURE 2 

CPC Profile of Sigma Standards from Human Plasma, (experimental 
details in text). 

2 ) .  Interference with the area of this peak from chylomicrons was minimal 

because the plasma was obtained from individuals who had fasted for 12 

hours. This peak may also contain other high molecular weight material and 

therefore we s h a l l  designate it in the subsequent discussion as "VLDL". The 

increase in the area of this peak in cancer patients correlates with the 

increase in triglyceride content of their sera. It is, therefore, 

reasonable to conclude that the increase in peak area is due to increased 

VLDL content of the plasma. This is in agreement with data found by Barclay 

and Skipski ( 7 )  as discussed in the introduction. 
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654 CHMURNY ET AL. 

"VLDL" 
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i 
I I I 
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FIGURE 3 

Typical CPC Profile from Plasma of a Normal Individual with High 
Triglycerides, (experimental details in text). 

Normal individuals with triglyceride levels greater than 200 mg gave 

elution profiles similar to those of cancer patients. This can be seen by 

comparing Figure 3 with Figure 1 B .  In the normal control group, it was 

observed that there is a correlation between "VLDL" and triglyceride 

concentrations. These results are summarized in Figure 4 which shows a plot 

of "ULDL" areas VS. triglyceride concentrations. This correlation is not 

surprising since 55% of VLDL is triglyceride (13 ) .  

An additional peak with a molecular weight of approximately 400,000 was 

observed in the plasma of cancer patients when the column effluent was 
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GPC AND NMR IN CANCER DETECTION 655 

- 0.20 
E 

Trlglycerides rngldl 

FIGURE 4 

Plot of "VLDL" Concentrations (mg/ml of Protein Obtained from Sigma 
Standard VLDL XL-2264) Versus Total Triglyceride Concentrations 
Obtained from Clinical Blood Analysis. 

monitored at 4 1 4  nm. It was absent from the chromatograms of most normal 

individuals (Figure 5A and 58) .  The significance of this peak as a possible 

tumor marker is under investigation. There appears to be an interference at 

the same retention time if the blood is lysed on collection. 

The basis of the Fossel test ( 1 )  is that the NMH spectra for cancer 

patients exhibit an average line width at half height for CH, and CH, peaks 

that is narrower than those from individuals without cancer. In the NMH 

spectra of a typical triglyceride, tripalmitin (Figure 6 A ) ,  a narrow average 

line width at half height is observed for the CH, peak because a large 

number of CH, groups occupy similar environments and for the CH, peak be- 

cause the three CH, groups are in nearly identical environments. The ratio 

of peak heights (and areas) for the NMR signals from CH, protons to CH, 

protons is also large. The NMR spectrum of cholesterol, the other major 
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FIGURE 5 

A GPC Elution Profile from Plasma of a Normal Individual Monitored at 254 
and 414 nm. (experimental details in text). 

B G P C  Elution Profile from Plasma of a Treated Lung Cancer Patient 
Monitored at 254 and 414 nm, (experimental details in text). 
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GPC AND NMR IN CANCER DETECTION 65 7 

FIGURE 6 A  

N M R  Spectrum ( L B  - 15 Hz) of the CH, and CH,  Regions of Tripalmitin i n  
CDC1, a )  Structures  from Lehninger "Biochemistry" ,  Worth P u b l i s h e r s ,  
Inc. 1970, p. 193. 

component i n  l ipoproteins  tha t  is NMR s e n s i t i v e ,  ( F i g u r e  6 B )  demonstrates  

t h e  heterogeneous environments fo r  the proton resonances tha t  occur in  the 

0.88 ppm and 1.3 ppm regions of the spectrum. Long chain e s t e r s  of cho le s -  

t e r o l  w i l l  have s p e c t r a  which a re  a sum of cholesterol  plus t r i g lyce r ides .  

T h e r e f o r e ,  i f  a l i p o p r o t e i n  p a r t i c l e  h a s  a l a r g e r  p e r c e n t a g e  o f  

t r i g l y c e r i d e s ,  i t  would have an NMR spectra  with a narrow average width a t  
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658 CHMURNY ET AL 

F I G U R E  6B 

NMR Spectrum (LB - 15 Hz) of t h e  CH, and CH, Regions o f  C h o l e s t e r o l  i n  
C D C l l  a )  S t r u c t u r e s  from L e h n i n g e r  "Biochemistry" ,  Worth P u b l i s h e r s .  
I n c . ,  1970, p. 202. 

h a l f  h e i g h t  f o r  t h e  C H ,  a n d  C H ,  s i g n a l s .  The N M R  s p e c t r a  of t h e  S igma  

S t a n d a r d s ,  VLDL, LDL and HDL are shown i n  F i g u r e  7 for comparison.  

The r e s u l t s  o b t a i n e d  from t h e  above C P C  s t u d y  w e r e  c o m p a r e d  t o  t h o s e  

o b t a i n e d  by t h e  NMR a n a l y s i s  o f  t h e  same p l a s m a  s a m p l e s  t o  see i f  t h i s  

i n e x p e n s i v e  HPLC p r o c e d u r e  can  be used a s  a n  a l t e r n a t i v e  o r  complemen t  t o  

t h e  N M R  p r o c e d u r e  proposed by F o s s e l  and co-workers  ( 1 ) .  The r e s u l t s  of t h e  
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FIGURE 7 

N M R  Spectra of Sigma Standards from Human Plasma, (experimental details 
in t e x t ) .  
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FIGURE 8 

Plot of "VLDL" Concentration Obtained by GPC (see Figure 4) Versus NMR 
Line Width. 
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660 CHMURNY ET AL. 

TABLE 1 

STATISTICAL COMPARISON BETWEEN NMR AND HPLC DATA 

VARIABLE N MEAN STD DEV MEDIAN MINIMUM MAXIMUM 

Hz 177 28.0022 4.5590 28.8000 18.5000 43.5000 
"VLDL" (mg/ml) 177 0.1458 0.2341 0.0630 0.0010 1.7300 

PEARSON 

SPEARMAN 

KENDALL TAU B 

HOEFFDINC DEPENDENCE COEFFICIENTS 

CORRELATIONS BETWEEN NMR AND HPLC DATA 

CORRELATION 
COEFFICIENT 

-0.52763 

-0.74750 

-0.55882 

0.24495 

P<n 

0.0001 

0.0001 

0.0001 

- 

comparison between CPC and NMR a r e  i l l u s t r a t e d  i n  F igu re  8 which shows a 

p l o t  of "VLDL" concen t r a t ion  obtained from the  GPC vs NMR l i n e  widths. I t  

can be seen from t h e  p lo t  t ha t  a biphasic r e l a t i o n s h i p  e x i s t s  between NMR 

l i n e  w i d t h s  and "VLDL" concentration. Figure 9 A  and 9B show the  NMR and GPC 

analys is  of a healthy individual and a cancer pa t i en t ,  r e spec t ive ly .  I t  is 

proposed t h a t  l a b s  wi thou t  300-500  MHz NMR capabi l i ty  could use t h i s  GPC 

procedure a s  an a l t e r n a t i v e  t o  the  NHR t e s t  ( 1 ) .  

I f  e i t h e r  t e s t  i s  t o  be s u c c e s s f u l  a s  a s c r e e n i n g  t e s t  f o r  an 

asymptomatic population, a t  l e a s t  a correc t ion  w i l l  have t o  be found f o r  t he  

e f f e c t s  of t r i g l y c e r i d e  l e v e l s .  The use  of these  t e s t s  t o  follow cancer 

therapy is being evaluated. Our l abora to r i e s  have eva lua ted  t h e  p r e c i s i o n  

and  accu racy  of t h e s e  t e s t s ;  t h e  r e s u l t s  of t h e s e  e v a l u a t i o n s  w i l l  be 

presented a t  a l a t e r  da te  (14 ) .  

A t h e o r e t i c a l  d i f f i c u l t y  fac ing  a "general" marker is the  unlikelihood 

of any one biochemical parameter c o r r e c t l y  c h a r a c t e r i z i n g  a l l  n e o p l a s t i c  

c e l l  p r o l i f e r a t i o n s  whi le  exc lud ing  a l l  non-neoplas t ic  ones. P rac t i ca l  
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c h a l l e n g e s  i n c l u d e  c o s t - e f f e c t i v e n e s s  and t h e  d i f f i c u l t y  o f  a p p l y i n g  e v e n  3 

h i g h l y  s p e c i f i c  t e s t  t o  t h e  g e n e r a l  p o p u l a t i o n  b e c a u s e  o f  a h i g h  number o f  

f a l s e  p o s i t i v e s .  These  d i f f i c u l t i e s  s h o u l d  n o t  d i s s u a d e  i n v e s t i g a t o r s  s i n z e  

new t e c h n o l o g i e s  c a n  b e  e x p e c t e d  t o  improve a s s a y s  and c r e a t e  new, h i g h l y  

t a r g e t e d  p r o c e d u r e s  f o r  d e t e c t i n g  g e n e t i c  p a t h o l o g y  on t h e  m o l e c u l a r  l e v e l .  

Even i f  a s s a y s  do  n o t  a c h i e v e  immediate  c l i n i c a l  u t i l i t y ,  m a r k e r s  may s e r v e  

t o  s h e d  l i g h t  on mechanisms o f  n e o p l a s t i c  t r a n s f o r m a t i o n  o r  p r o m o t i o n ,  a n d  

t h u s  advance  our u n d e r s t a n d i n g  o f  c a r c i n o g e n e s i s .  

CONCLUSION 

The areas o f  t h e  GPC peak "VLDL"  f rom plasma,  mon i to red  a t  254 nm, were 

shown t o  have a b i p h a s i c  r e l a t i o n s h i p  w i t h  t h e  N M R  l i n e  w i d t h s  o b t a i n e d  from 

t h e  t e c h n i q u e  d e s c r i b e d  by F o s s e l  ( 1  ) . Both GPC and NMR tests show good 

c o r r e l a t i o n s  ( T a b l e  1 )  w i t h  t o t a l  t r i g l y c e r i d e  l e v e l s  f r o m  n o r m a l  i n -  

d i v i d u a l s  o b t a i n e d  from r o u t i n e  b lood  a n a l y s i s .  

T h e s e  t e s t s  i n d i c a t e  a n  i n c r e a s e  i n  VLDL i n  t h e  p l a s m a  o f  c a n c e r  

p a t i e n t s  compared t o  t h a t  of normal  i n d i v i d u a l s  w i t h  t r i g l y c e r i d e s  less t h a n  

200 mg/ml. T h i s  is i n  ag reemen t  w i t h  s t u d i e s  by B a r c l a y  and S k i p s k i  i n  t h e  

1 9 7 0 ' s  ( 6 , 7 ) .  I t  is n o t  c l e a r  i f  o t h e r  d i s e a s e  s t a t e s  w i l l  c o n t r i b u t e  t o  

s u c h  GPC p r o f i l e s  o r  narrow NMR l i n e  w i d t h s .  
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