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A B S T R A C T  

Isoamylases, with an abnormal  anodic migration, were detected by an clectrophoret ic  technique in the 
sera from two patients with immunoglobul in  A-type myeloma. The abnormal  isoamylase bands migrate 
towards the anode faster than the salivary isoamylase (S,)  band and were stained more strongly than the S,, 
sub-band. The  abnormal  isoamylase could be separated from patients" sera by using size-exclusion high- 
performance liquid chromatogr: lphy.  The serum abnormal  isoamyl:lses were showed to be sialic acid 
residues contuinirtg amylase, after the study o f  t reatment  with neuraminidase (EC 3.2.1.18), and to be 
salivary-type amyl~se, after the study o f  re:lotion with hunaan salivary monoclonal  antibody.  The  ab- 
normal b,mds were no! detected in the saliva from one patient. The  two p~lticnts had no detectable 
malignancies except myeloma.  These lindings strongly suggest that the siatic acid-containing salivary-type 
amylases were produced eclopic:dly From myeloma cells. In this regard the ectopic anaylase product ion  by 
nayeloma cells is discussed. 

I N T R O D U C T I O N  

Ectopic production of  amylase has been reported in a number of  tumours, 
including lung [i ,2], ow,,ry [3,4], stomach [5!, pancreas [6] and uterus [7]. In these 
cases most  of  the ~o~.yl'.:.ses are produced by epithelial tissues. Recently, two cases 
of non-epithelial turnouts with amylase productio:', constituted osteosarcoma [8] 
and immunoglobulin A ( lg  A)-type multiple rnyelema [9] h a w  been reported. It 
has been demonstrated that the amylases, which are ex:opically produced, are of  
salivary type [1-6]. 
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In I975, Sudo and Kanno  [10] reported a very rare case with ectopic amylase 
production. This serum amylase had an unusually fast electrophoretic mobili ty,  
which was due to the presence of sialic acid residues in its composition. 

This paper described the detection of isoamylases, with abnormal  electropho- 
retie behaviour, in the sera from patients with IgA-type myeloma. These ab- 
normal  serum amylases were separated by size-exclusion high-performance liquid 
chromatography (HPLC) and were then characterized, in comparison with sali- 
vary amylase, by an electrophoretic isoenzymic technique. 

EXPERI  M E N T A L  

Serum sanw!es 
Serum samples were obtained from the following two cases. Case 1, a 85-year- 

old woman, was an outpatient in Asahikawa Medical College Hospital.  A hyp- 
eramylasemia (1836 U/i, normal  range 38-175 U/l), a monoclonal  proteinemia,  
and a normocytic and normochromic  anemia (haemoglobin 6.8 g/dl) were identi- 
fied in laboratory tests on the first medical examination.  Total protein was 8.3 
g/dl. Serum immunoglobul in  concentrat ions were: IgG, 550 mg/dl; IgA, 4050 
mg/dl; and IgM, 43 mg/dl. Bence-Jones protein was not found in her urine. 
Myeloma was presumed from these laboratory tests. The amylase isoenzyme 
analysis by electrophoresis showed an abnormal  pattern. 

Case 2, a 70-year-old man,  was an inpatient  in the Hyogo Medical College 
Hospital and yeas treated for renal failure in typicat multiple myeloma.  Lab- 
oratory data at the admission were as follows: total protein, 8.5 g/dl; IgG, 479 
mg/dl; IgA, 418 mg/dl; IgM, 9 mg/dl;  haemoglobin,  $.5 g/dl; and serum amylase 
activity, 1554 U/I. A monoclonal  protein (M-protein) and Bence-Jones protein 
were found in his serum and urine, respectively. The amylase isoenzyme analysis 
by electrophoresis showed an abnormal  pattern. 

Whole saliva and urine 
Whole saliva and urine were obtained from case I. The whole saliva was 

diluted with an equal volume of isotortic saline solution to reduce the viscosity, 
and was then centrifuged at 4000 g for 30 min to remove debris. 

Measurement o f  amylase activity 
Total amylase activity was measured as described previously [11]. 

Serum protein electrophoresis 
A 1% agarose gel plate (Paragon SPE kit, Beckman) was used, and electro- 

phores.ls was carried out on a Paragon electrophoresis cell (Beckman), according 
to the kit manual .  The gel was stained with 0.5% Amido Black 10B in 5% acetic 
acid. 
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lsoamylase electrophoresis 
Cellulose aceta te  m e m b r a n e  (Ti tan  III  lipo, Helena  Labs. ,  Beaumont ,  TX,  

U S A )  was  used with a d i scont inuous  buffer  system, as described by K o h n  [12]. 
Amyla se  activity was detected by blue s tarch,  accord ing  to Leclerc and Fores t ' s  
technique [ 13]. 

Size-e.x'chtsion H P L C  
H P L C  analysis  was  carr ied out  on a P h a r m a c i a  (Uppsa la ,  Sweden)  a u t o m a t e d  

fas t -prote in  liquid c h r o m a t o g r a p h y  ( F P L C )  system with a Superose  12 H R  col- 
u m n  (30 cm x 1.0 cm I .D. )  as descr ibed previously [14]. Prote in  was  moni to red  a t  
280 nm,  and  amylase  activity was moni to red  with use of  an  amylase  test kit 
( I a to ron  Labs. ,  T o k y o ,  J a p a n )  based on the me thod  o f  Marsha l l  et al. [15]. F o r  
the de te rmina t ion  c.f the molecu la r  mass  of  anaylase, the following s t anda rd  pro-  
teins (Pha rmac ia )  were used: bovine  serum a lbumin  (BSA) (/~,'/, = 67 000), oval-  
bumin(M~ -- 43 000), chymot ryps inogen  A (M, = 25 000) and r ibonuelease A 
(M~ = 13 700). 

Concanavalin A high-per/blvnance liquM a.ffiniO, chromatography (Con A 
H P L A C )  

Con  A H P L A C  analyses  were pe r fo rmed  on the F P L C  system with Con A 
co lumn (15 em × 0.46 cm I .D. )  purchased  f rom H o h n e n  (Tokyo,  J apan )  and  
carr ied ou t  accord ing  to the me thod  o f  Takeueh i  [16]. 

Treatment with neuram#lidase 
N e u r a m i n i d a s e  t r ea tmen t  o f  the prote ins  was carr ied e, ut accord ing  to the 

m e thod  o f  Sudo and  Kale.no [10]. The  neuramin idase  f rom Arthrobactor urea- 
faciens was  purchased  f rom N a k a r a i  (Kyo to ,  Japan) .  Samples  were incubated  
with neu ramin idase  at  37"C for 1 h. 

b~mTunological study o/" separated abnormal isoamylases 
Inh ib i to ry  monoc lona l  an t ibody  agains t  h u m a n  sal ivary amylase  was ob ta ined  

f rom an  I soamylase  P N P  kit  (Boehr inger  M a n n h e i m ,  Tultzing,  G e r m a n y )  based 
on  the me thod  o f  G e r b e r  et al. [17]. The  monoc lona l  an t ibody  binds specifica|ly 
to sa l ivary amylase  a n d  inhibits  ca. 90% of  the total  ~ctivity. The  separa ted  
a b n o r m a l  i soamylases  were mixed with this an t ibody .  - ,d the total  amylase  activ- 
ities were measured  kinetically using the P N P  kit with a Gi l ford  S tasar  III  spec- 
t r o p h o t o m e t e r  (Gi l ford  Ins t ruments ,  Oberl in ,  O H ,  USA) .  The  e!ectr¢,p.';~r-.~.;,~ ,'~f 
the mixture  was also pe r fo rmed .  

Preparation o f  salivary amylase 
Sal ivary  amylase  was purified f rom h u m a n  whole  saliva with a M o n o  Q col- 

u m n  (5 cm x 0.5 cm I .D. ,  P h a r m a c i a )  accord ing  to the me thod  rep- ' - ted previ- 
ously [11]. 



64 T. M O R I Y A M A  et  aL 

Immt tnoblo t t ing  
Dete rmina t ion  of  the molecu la r  mass  o f  a b n o r m a l  i soamylases  was per formed  

by etectrophoresis  in a 4 - 2 0 %  sod ium dodecyl  su lpha te  (SDS) po lyac ry l amide  
gradient  s lab gel (Tefco, Nagoya ,  J apan )  according  to the me thod  o f  L a e m m l i  
[181. 

I m m u n o b l o t t i n g  was carr ied out  accord ing  to the me thod  o f  T o w b i n  et al. 
[19]. Proteins  were t ransferred e lec t rophore t ica l ly  to a ni t rocel lulose sheet (GV, 
Mil l ipore ,  Bedford,  MA,  USA) in a F u n a k o s h i  Mode l  88 blot t ing cell (Tokyo,  
J apan)  for 1 11 at 180 mA.  The  lane o f  s t anda rd  marke r s  was then separated.  The  
rest o f  the sheet was soaked in 3 %  bovine  serum a l b u m i n  (BSA) in 150 m a d  
sod ium c h l o r i d e ' 6 0  m M  p h o s p h a t e  buffer  (pH 7.2) (phospha te -buf fe red  saline, 
PBS), then the sheet was incuba ted  in rabb i t  an t i - amylase  an t i se rum (which was 
di luted 200-fold in 3 %  BSA-PBS,  M B L  Labs. ,  Nagoya ,  J apan)  for 2 h at room 
temperature .  Bound  an t ibodies  were visualized by a v i d i n - b i o t i n  peroxidase  com- 
plex reagents (Vector Labs. ,  Bur l ingame,  CA,  USA) as described by Hsu  et al. 
[20]. 

The fol lowing s t andard  marker s  (Pha rmac ia )  were used: phosphory l a se  b (M~ 
= 94 000), BSA (M~ = 67 000), o v a l b u m i n  (Mr = 43 000), ca rbon ic  anhyd ra se  
(M~ = 30 000), soybean  t rypsin  inh ib i to r  (M~ = 20 100) and  ~- lac ta lbumin  (M,  
14 400). They  were s ta ined with 0 .2% Coomass i e  Bri l l iant  Blue R-250 in 40% 
nae thano l - i  0 %  acetic acid. 

IL ES U LTS 

The elect rophoret ic  pat terns  o f  the pat ients '  serum proteins  in agorose gel are 
shown in Fig. 1A. M-pro te ins  in the /jr=l region (case 1) and  in the /~-2 region 
(case 2) were detected. These  M-pro te ins  were identif ied as IgA-2 type in case 1 
and  IgA=tc type in case 2 by an  i m m u n o f i x a t i o n  technique  (data  not  shown'). 

Electrophoresis  on cellulose acetate m e m b r a n e s  o f  i soamylases  in pa t ien ts '  
sera is shown in Fig. ! B. A b n o r m a l  bands ,  which  unusua l ly  migra ted  faster  than  
the $2 sub -band  o f  sa l ivary  amylase ,  were demons t r a t ed  in bo th  cases by  us ing an 
amylase  acit ivity detect ion method .  Both m a j o r  bands  o f  these a b n o r m a l  i soamy-  
lases were more  s t rongly  s ta ined than  each $2 sub-band .  In case 1, the a b n o r m a l  
bands  were found by dens i tomet ry  to be 64 .1% of  the total  amylase  activity, and  
the no rma l  bands  were 35 .9% (P, 2 .5%;  $I,  19.6%; $2, 13.8%). In case 2, the 
a b n o r m a l  bands  were 41 .1% of  the total amylase  and  the n o r m a l  bands  were 
58.9% (PI, 12.6%; P2, 10.1%; $ 1 , 2 0 . 1 % ;  $2, 16.1%). Con t ro l  serum indica ted  
the n o r m a l  bands  (Pt,  33.2%; P2 12.0%; S~ 39.1%; $2, 15.8%). I soamyiase  elec- 
t rophores is  o f  urine and  whole  sal iva f rom case 1 was also per formed,  and  is 
shown in Fig. 1C. The  e l ee t ropherogram of  the saliva showed a n o r m a l  pat tern .  
However ,  the same a b n o r m a l  bands  were detected in the urine f rom case 1. 

The  patients" sera were subjected to H P L C  using a Superose  12 co lumn.  The  
elut ion pat terns  are shown in Fig. 2. The  e lu t ion peak o f  norn-ml se rum amylase  
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l:ig. I. (A) Agarose  gel elcctrophoresis o f  patients" serum proteins.  The  gel was st:tined with d.~,"/o Amido  
Black 10B. 1, Cont ro l  serum: 2. case I serum" 3, case 2 serum. Monoc lona l  proteins are indicated by 
arrows.  (B) Eleclrophoresis  on cellulose acetate m e m b r a n e  of  llae serum isoamylase f rom patients" sera. 
The  amylase  act ivi ty was detected by the blue starch staining technique. I ,  Ca-," 2 serum: 2, ease i serum: 3, 
control  serum: P~ and Pa, pancreat ic  isoamylase; S~ and S z, sal ivary isoamyta~c. Fas t -migrat ing isoamyias-  
es are observed in lanes I and 2, indicated by a bracket .  (C) Eleetrophoresis  o f  isoamylase f rom the urine 
and  whole saliva f rom case I. !, Pat ient 's  urine: 2, pat ient ' s  saliva: 3, pat ient ' s  serum: 4, control  saliva: 5, 
control  serum: P~ and S t, p:mcreatic and salivary isoamylase,  respectively, The  fast-migrat ing isoamylases,  
indicated by It bracket ,  were detected in the urine but  not in whole saliva. 
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Fig. 2. Ela t ion  pa t te rns  o f  the a b n o r m a !  i soamylases  fi'tml the patients" sera by H P L C  on a Superose  12 
co lumn :  (1.2 ml o r  palienls" seru was injecled and elated at 0.4 mi /min  with 150 m M  sod ium ch lo r i de -50  
re, l /  I~hosphal¢ buffer (p t l  7.2). T he  ca l ib ra t ion  cu rve  (upper  right) was  establ ished us!l~.~ the fo l lowing  
s t andnrd  proteins:  (a) BSA (M,  = 67 000): (b) ovulbt tn: in  (M~  = 43 0O0); (c) chymot ryp . , i nogen  A (?~/~ --- 
25 000): and  (d) r ibonttclease A (M, = 13 700). Th,:  pro te in  a b s o r b a n c e  ( ) and  the amy la se  act ivi ty  
( O ,  C). ~ ) were m o n i t o r e d  at 28(1 and  600 tim, respct.tivcly, f - - -  ) C o n t r o l  se rum prote in ;  ( O )  con t ro l  
:-:cram ~:mylu'~c: ( ( : ' )  ca~c ~ ser t 'm :unyh 'se :  ( A )  ca:;c 2 scrun:  "Ira)last.  Peaks I,  2 :rod 3 v, cre  chm'ac ler izcd  

" by the c tcc t rophorc t i c  i socnzymic  me thod  shown  in Fig. 3. 

was noted (peak 3) and  the co r r e spond ing  retetation ~.i,'ne was 40 min (Me = 
12 500). 

In case 1, two peaks  o f  amylase  activity (peaks  1 and  3) were noted:  their 
re tent ion times were 37 min (Me 21 000) and 40 min (M,  = 12 500), respectively. 
In case 2. amylase  activity was  elated in a hu'ge peak  (peak  2). Tile co r r e spond ing  
retetation time was 39 min (M, = 15 000). 

l soamylase  charac te r iza t ion  o f  these peaks  was then per fo rmed .  Eiec t rophore-  
sis on cellulose aceta te  m e m b r a n e s  o f  the peaks  i,; shown in Fig. 3. F r o m  the da t a  
obtMned,  it was conf i rmed th::t peak  i con ta ined  fas t -migra t ing  a b n o r m a l  bands  
o f 'may la se ,  and th'at peak 3 co r re sponded  to the bands  o f  normal  sa l ivary and  
p~lncreatic isoamylase .  In case 2, peak  2 (re tent ion t ime 39 min)  con ta ined  a small  
a m o u n t  (3 .5%)  o f  the ras t -migra t ing  a b n o r m a l  bands  of  amylase .  Peak  1 o f  cases 
1 and  2, and  peak  3 o f  the cont ro l  serum,  were then concen t ra ted  and  used in 
following exper iments .  

N e u r a m i n i d a s e  t r ea tmen t  and  react ion with an ant i -sa l ivary  amylase  m o n o -  
clonal an t ibody  o f  the a b n o r m a l  i soamylases  conta ined  in peak  1 o f  cases 1 and  2 
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Fig. 3. Electrophoresis  on cellulose acetate  membr :me  o f  peaks I. 2 and 3 flora the I l P L C  SCllitr~Ltio,~ 
show,1 in Fig. 2. The  amylase  activity was detected by the blue starch staining techniqt,e. I. Peak 3 o f  
control  serum; 2-4. case i (2. peak 3" 3. peak I: 4. original serum. ~" 5-8. case 2 (5. peak 3: 6. peak 2: 7. peak 
1; 8. original serum). Fas t -migra t ing  iso:unylases were observed in peak 1 of  each case .,'l~tnes 3 and 7). 

were carr ied out.  These samples  were then submi t ted  to e lec t rophoret ic  analysis  
(Fig.  4) and  H P L C  analysis  (Fig  5). N o r m a l  i soamylases  co,~taine,6 in peak  3 of  
cont ro l  se rum were s imul taneous ly  submi t ted  to the same analyses.  N o r m a l  iso- 
amylases  showed no change  fol lowing neu ramin idase  t rea tment .  On  the o ther  
hand ,  the a b n o r m a l  i soamylases  o f  the bo th  cases showed a reduct ion o f  electro- 
phore t ic  mobil i ty  to ca thodic  side o f  the a b n o r m a l  e, mylases,  whose  mobil i ty  
became  tha t  of  un t rea ted  or  t reated no rma l  sal ivary isoamylases .  The  e la t ion 
peaks  o f  the neuramir) idase- t rea ted  a b n o r m a l  i soamylases  conta ined  in peak  ! o r  
bo th  cases were cqua!  to the peaks  o f  a b n o r m a l  i soamylases  o f  original sera,  on 
H P L C  analysis  (Fig.  5). The  e la t ion peak  o f  the neuramin idase - t r ea ted  no rma l  
i soamylases  con ta ined  in peak 3 o f  the cont ro l  serum showed no change  ei ther 
(Fig. 5A). 

The  amylase  activities o f  the mix ture  consis t ing o f  peak  1 o f  bo th  cases and  the 
an t i - sa l ivary  monoc lona l  an t i body  were a lmos t  complete ly  inhibited (89%).  T h a t  
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o1" the mix ture  consis t ing o1" peak 3 (P, 42%;  S, 58%)  of  the cont ro l  serum and the 
m o n o c l o n a l  an t ibody  was inhibi ted  by 51%. Saliwtry amylase  bands  in peak 3 o f  
the control  serum disappeared  from the e lcc t rophoret ic  pa t te rn  fol lowing reac- 
tion with the monoc lona l  an t ibody ,  and  a faint  b road  b a n d  of  amylase  act ivi ty 
was observed (Fig. 4A). The broad  band  is character is t ic  o f a m y l a s c - i m n a t m o g l o -  
bttlitl tOtal'flex I~rnaatiotl [I 1]. The a b n o r m a l  fas t -migra t ing  i soamylase  bands  o f  
both  cases 3imilarly d i sappeared ,  and a b road  band  w a s  fo rmed  with the mono-  
clonal  an t i body  (Fig. 4). 

The  bchav iou r  o1" these abnorn-ml i soamylascs  was s tudied by Con  A H P L A C .  
Tbc  a b n o r m a l  i soamylascs  o f  t!',," both  c~ses had no affinity for Con  A as purif ied 
sal ivary anaylase from whole saliva (data  not shown).  Al te r  i m m u n o b l o t t i n g  o f  

-.the SDS po lyac ry iamide  gel e l ec t ropherogram,  the molecu la r  mass  o f  the ab- 
norm~it i soamylases  l'rona case I was es t imated to be ca. 60 000, as was that  o f  
puriticd sa l ivary amylase  fi'om whole saliva (Fig. 6). 
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Fig. 4. Ek'ctrophorctic isoamylase unalyscs oi" peak 1 oi" p~:licnts" sera and peak 3 of control serum, 
prepared by i- |Pl.( '  .~epat'ation :iftei" nctiraniin~da,~: :.r=:ttmcnt and/,or reaction with anti-salivary mono-  
clon;d :tntibody. The amylase activity was detected by the bluc starch staining lcchniqtte. (A) Cont ro l  
serum, t. Peak 3 afro:" -em=tion wi'l: tL- mor.,--ch~n;d ~mtibody: 2. peak 3 treated with ncuraminidusc: 3. 
untreated and /o r  non-reacted peak 3. (B) Patients" scra. I and 8, Untreated and/,or non-reacted peak 3 of  
control  serum" 2-4. cu.,,e 2 {2, peak l ' a f le r  reaction with the monoclonai  ant ibody:  3, peak I Ircaled wilh 
ncuraminidase:  4, unreatcd and /o r  non-reacted peak ! ): 5-7,  case I (5. peak 1 reacted with the monoclona!  
ant ibody:  6, peak i treated wilh ncuraminid'tsc: 7. untreated and /o r  non-re:toted peak I). 
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Fig. 5. Superose  H P L C  elution pa t te rns  o f  neuraminidasc-tre: t ted abnorm:t t  isoanwl:lscs conta ined in pe~lk 
I o f  Fig. 2 :0 .2  ml o f  the sample  solul ions was injccled seWwately and eluted at 0.4 ml /min with 150 m,~,/ 
sodium chlor ide-50 m M  phosph.'tte hull'or (pH 7.2). The  amylase  activity was naonitored at 600 ran. ( O )  
Unt rea ted  control  serum and pat ient ' s  serum: (C)) peak  3 (A) mid p~::-':< I (B. C) tr,,.tted wilh r, curamini-  
dase. (A) Cont ro l  serum; (B) case 2: (C) ease I. T h e  peaks  containing the ai-,~tormal isoamyklses,  corre- 
sponding  to a retention t ime o f  37 rain, were not ch.'mgcd by the neuraminidase  t reatmen!  The  pc~k 
conla in ing control  isoamylascs,  co r respond ing  to .'t retention t ime of  40 rain. was not changed either. 

D I S U C U S S I O N  

A m y l a s e  isoenzymes,  with an  a b n o r m a l  anodic  migra t ion ,  were detected by an 
e lec t rophore t ic  technique  in the sera f rom two pat ients  with igA- type  mye loma .  
The  a b n o r m a l  i soamylases  were not  detected in the saliva f rom case 1. Therefore ,  
the a b n o r m a l  amylase  could be cons idered  as an i soamylasc  o f  pos t - t ranscr ip -  
t ional  modi f ica t ion  produc t .  The  se rum a b n o r m a l  i soamylases  were shown to be 
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Fig. 6. Immunoblo t t ing  pat terns of  the sialic ucid-conlaining sal ivary-type amylase  prepared  I'rom H P L C  
and pttrilied snliv;iry amylase  by S D S - P A G E .  I, Molecular  mass markers :  phosphory lase  b (M~ -- 94 000), 
BSA (M, = 67 000L ovulbumin (M, 43 000). carbonic  :mhydruse (M~ = 30 000). soybean  trypsin inhibitor 
(M, -- 20 100) and aipim-lacta lbumin (M~ = 14 400). They  were stained with 0.2% Coomass ie  Brilliant 
Bluc R.-250 in 40'¼, methanol-10"/, ,  acetic acid. 2. Peak 1 of  case I fi 'om H P L C  sep:lr:ttion. 3. Purilied 
salivary amylase  I'rom hum:m whole saliva. 

sialic acid residues containing amylase fi'om a study of treatment with neuramini-  
dase. and to be salivary-type amylase after a study of reaction with ant i -human 
salivary monoclonal  antibody. The sialic acid-containing salivary-type amylases 
could be seg~v'ated clearly fi'om residual normal  isoamyiase~ of  patients '  sera by 
size-exclusion HPLC on a Superose 12 column. Although an iylase activity was 
elated into :t large peak in case 2, the higher content of  normal  isoamylases meant  
that the -:bnorma! amylase could be separated. 

The abnormal  salivary-type amylases were then studied, in comparison with 
purified salivary amylase, by Con A H P L A C  and SDS-polyacrylamide gel elec- 
trophoris (PAGE). As a result, the abnormal  amylase had no affinity for Con A, 
and its molecular mass was estimated to be ca. 60 000 as purified salivary amy- 
lase. This value is close to that reported by Takeuchi [16]. 
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There is a large discrepancy between the molecu!ar mass values determined for 
serum amylases by gel permeation HPLC (Mr = 12 500-20 000) and that of 
60 000 determined by SDS-PAGE. During dextran gel permeation chromatogra - 
phy, it was observed that the elation of amylase molecules was considerably 
retarded, because dexttan has a chemical structure similar to the substrate of 
amylase [21]. Interaction between a8arose of Superose 12 column matrix and 
amylase molecules has not been previously reported. However, similar retarda- 
tion of amylase in the Superose 12 column was noted during our HPLC analyses. 

On the other hand, although the molecular mass of the sialic acid-containing 
salivary-type amylase equals that of the purified saliv~ry amylase, the former 
amylase was well separtlted by HPLC analysis on a Superose 12 column. More.- 
over, the peak of the abnormal salivary-type amylase did not change following 
neuraminidase treatme:~t. We consider that such elation behaviour can be ex- 
plained by the unusual protein conformation of th~s abnormal salivary-type amy- 
lase. 

This is the first reported study in which the phenotype for sialic acid-contain- 
ing anaylase has been elucidated immunologically to be salivary-type and in whic:h 
this amylase has been detected in patients" sera with myeloma. Sudo and Kanno 
found sialic acid-containing amylase in pancreatic cancer [I0] and lung cancer 
[22], respectively. Nakayama et td. [3] also reported that this amylase is found in 
lung cancer. Sandiford and Chiknas [23] found fast-migrating amylase in the 
serum of a patient with advanced ovarian cancer but its properties were not 
studied. The latter amylase [23] can be presumed, from our study, to be sialic 
acid-cortt~ining salivary-type amylase. However, acidic amylase from ovarian 
cystic fluids [24,25] and lymphoepitherial cyst [26] can be distinguished clearly 
fror.~ the sialic acid-containing salivary type amylase. These cystic amylases are 
unaffected by treatment with neuraminidase. Therefore, these amylases are 
thought to result from ageing transformation of cystic amylase, as reported by 
Warshaw and Lee [27] and Weaver e t a l .  [28]. 

There remains yet one question concerning the present two cases. Where were 
these unique iso;~mylases produced? In 1983, Zakrzewsha and Prokopowicz [29] 
reported the detection of  amylase activity in leukocytes of patients with leukae- 
mia as well as in normal subjects. They described the enhancement of amylase 
activity as being correlated with the rate of leukocytic maturation. The pher~ty~e 
of amylase in leukocytes is salivary-type, as reported by Vacikova [30]. In 1988, 
Hata e t a l .  [9] demonstrated that salivary-type anaylase was produced by human 
myeloma cells in a patient with IgA-type myeloma. 

We are researching the origin of  the sialic acid-containing salivary-type anay- 
lases on :.he assumption that this z~.my!ase is produced ectop~c~dly by myeloma 
cells, although there is as yet no direct evidence of this in our two patients. 

There have been several recent immunohistochemical studies on human amy- 
lase tissues, particularly in the lung and female genital tract [31] and the fallopian 
tube [32]. Therefore, the production of  amylase by tumour'~ is easily understood 
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as the activation and exaggeration of  amylase contained in the normal tissues 
:'ather than as ectopic production. We propose that the ectopic production of  
s,'tlivary-type amylase myeloma cells [9] is an analogous phenomenon to other 
amylase-producing tumours. Accordingiy, if amylase isoenzyme electrophoresis 
is more widely applied to hyperamylasemia, we think that many cases ofamylase-  
production patients with myeloma and/or monoclonal  gammaputi~y ,,;'ill be re- 
ported in the future. 
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