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Abstract. Circulating human growth hormone (GH) consists of several molecular isoforms. Increased proportion 
of circulating non-22K hGH and 20K hGH was reported in active acromegaly. In this study, we studied the release 
of 20K and 22K hGH from cultured GH-producing human pituitary adenoma cells in vitro. Pituitary adenoma cells 
obtained from 6 acromegalic patients were cultured and submitted to perifusion experiments. Concentrations of 20K 
and 22K hGH in the serum and the perifusion effluent were determined by specific enzyme-linked immunosorbent 
assays recently developed. The %20K value varied in a wide range from 3.58 to 8.72% in vitro and was lower than 
in the serum (mean ± SD: 6.57 ± 1.88% vs 9.08 ± 2.12%, P < 0.05). There was no correlation between the %20K 
values in vitro and in vivo (r=0.31, P>0.05). The in vitro secretions of 20K and 22K hGH were in parallel and 
strongly correlated (r=0.953, P<0.001). These findings suggest that different GH-producing pituitary adenoma cells 
secrete 20K hGH in variable amounts and that the proportion of 20K hGH in the serum might be affected by 
metabolic clearance of hGH isoforms. It was also suggested that 20K and 22K hGH might be secreted in toto from 
GH-producing human pituitary adenoma cells.
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CIRCULATING human growth hormone (hGH) 

consists of several molecular isoforms, among which 

the 22 kilodalton hGH (22K hGH) is the most abun-

dant [1]. The 20 kilodalton human GH (20K hGH), 

a naturally occurring isoform of the 22K hGH, arises 

from the same gene (hGH-N) as the 22K hGH by al-

ternative mRNA splicing [2]. The 20K hGH lacks 15 

amino acids at its binding site 1 to hGH receptor [3], 

resulting in a reduction of its site 1 binding affinity 

[4]. The 20K hGH differs in some of its metabolic 
actions. The 20K hGH has weaker diabetogenic and
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early insulin-like activities than the 22K hGH [5]. 

Although the 20K hGH is also poorly trapped by 
hGH-binding protein [4], the plasma survival time of 

20K hGH is longer than that of 22K hGH [6]. 

 An increased proportion of circulating non-22K 

hGH was found in acromegaly [7]. We recently 

reported that the proportion of 20K hGH, deter-

mined by a specific enzyme-linked immunosorbent 

assay (ELISA), was increased in the serum of patients 

with active acromegaly [8]. Because the proportion 

of non-22K hGH was decreased after pituitary sur-

gery, it was postulated that GH-producing adenoma 
secretes more non-22K GH [7] . However, there have 

been no in vitro studies on the secretion of 20K hGH 

from GH-producing adenoma. 
 There has been a growing body of evidence that 

molecular forms of hGH secreted in vivo are non-
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specific for physiological and pharmacological secre-

tory stimuli [8-12]. It is likely that regulatory 

mechanisms of 20K and 22K hGH secretion are 

similar, if not identical [8], but there has been no 
direct in vitro evidence. 

 In the present study, the release of 20K and 22K 

hGH from cultured GH-producing human pituitary 

adenoma cells was studied in vitro. In addition, the 

in vitro proportion of 20K hGH was evaluated in 

comparison with in vivo proportion of 20K hGH in 

the serum.

Patients

Materials and Methods

  Six acromegalic patients (4 females and 2 males) 
were recruited in this study after obtaining informed 

consent. Their clinical data are summarized in Table 
1. All of them had characteristic acromegalic fea-

tures, high serum levels of hGH and IGF-I, and a 

pituitary mass on brain MRI. The tumor size was 
evaluated by measuring the maximal diameters of 3 

dimensions on MRI. Plasma hGH levels were not 

suppressed below 5 tCg/L by oral administration of 

75 g glucose. Three of them (patients 1, 2 and 3) had 

associated gonadotropin deficiency, and two patients 

(patients 2 and 5) were hyperprolactinemic. All the 

patients had normal thyroid function. Two patients 
were preoperatively treated with bromocriptine 

(patient 1) and octreotide (patient 6), respectively. 

Serum

 Blood samples for serum 20K and 22K hGH de-

termination were obtained by anterocubital vein 

puncture after overnight fasting less than 1 week be-

fore the transsphenoid adenomectomy. Serum was 
separated by centrifugation and stored at -20°C 
until assayed. 

Cell culture and perifusion experiment 

  Pituitary adenoma tissues obtained under sterile 

conditions at surgery were subjected to cell culture 
and perifusion experiment. Adenoma cells were 
cultured as previously described [13]. Briefly, the 
tissues were minced by fine scissors in ice-cold phos-

phate-buffered saline (PBS) and the cells were dis-
persed in PBS containing 0.25% trypsin at 37°C for 
20 min by gentle stirring by use of a spinner flask. 
The dispersed cells were collected, filtered through 
40-tcm nylon mesh, washed three times with Dulbec-
co's modified Eagle's medium supplemented with 
10% FCS, penicillin (100IU/ml) and streptomycin 

(100 tCg/ml). The dispersed cells were cultured in the 
medium under humidified atmosphere of 5% C02-
95% air at 37°C. After 2 days, the cells were 
mechanically harvested. 0.3 to 4.6 x 106 cells were 
applied onto a small Sephadex G-25 column (di-
ameter; 9 mm, height; 8 mm), and were perifused 
with Krebs-Ringer bicarbonate buffer, pH 7.4 con-
taining 10 mM glucose and 0.1 % bovine serum albu-
min (KRBG) at a constant flow rate of 0.33 ml/min 
by use of a peristaltic pump as previously described 

[13]. KRBG was equilibrated with 95% 02-5% 
C02 and was kept at 37°C throughout the experi-
ments. Test substances were dissolved in KRBG at 
6.35-fold of the final concentration and were infused 
into the chamber as a 10-min pulse at a rate of 
52 jd/min by use of an infusion pump. Human (h) 
CRH (10-6 M), urocortin (hUcn) (10-6 M), TRH 

(10-g M) and GRH (10-12, 10-11 and 10 10 M) were 
used for stimulation. We previously reported that 
urocortin, a ligand to type-2 CRH receptor, stimu-

Table 1. Clinical data in the acromegalic patients examined in this study
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lated GH release from adenoma cells [14]. The 

effluent perfusate was fractionated every 5 min and 

was stored at -20°C until assayed for 20K and 22K 

hGH.

Peptides

secretion during preceding 20 min. Differences be-

tween percent values of 20H hGH in the serum and in 

perifusion sample were evaluated by paired t test. 

Correlation between variables was estimated by 

Spearman rank correlation test. P <0.05 was consi-

dered significant.

 TRH and hGRH were supplied from Tanabe 

Pharmaceutical Co., Osaka, Japan and Sumitomo 

Pharmaceutical Co., Osaka, Japan, respectively. 

hCRH and hUcn were purchased from Peptide In-

stitute Inc., Minoh, Japan.

20K and 22K hGH EL ISA

 Concentrations of 20K and 22K hGH in the serum 
and the perifusion effluent were determined by 
specific ELISAs as previously described [8] . The 
minimal detectable concentrations were 5 pg/ml and 
50 pg/ml for 20K and 22K hGH, respectively. The 
intra- and inter-assay coefficients of variation were 
less than 5% in both assays [8].

Statistics

 A percent value of 20K hGH in the perifusion 

sample was calculated as a mean 20K hGH concen-

tration divided by a mean total hGH (20K hGH plus 

22K hGH) concentration in the initial 5 fractions 

(25 min). In vitro responses of 20K and 22K hGH 
were calculated as total hormone secreted during 

30 min after stimulation corrected by the basal

Results

 Percent values of 20K hGH (%20K) in the perifu-
sion effluent and the serum, and serum total hGH 
concentrations are summarized in Table 2. Serum 
total GH levels were not in parallel with IGF-I levels 
which are known to be affected by nutritional status, 
age and estrogens. The in vitro %20K value varied 
in a wide range from 3.58% to 8.72%. In 5 of 6 
acromegalic patients (except patient 1), the %20K 
value in the perifusion effluent was lower than that in 
the serum, and the difference was statistically sig-
nificant (P < 0.05), although there was no correlation 

between the two variables (r=0.31, P >0.05). The 

%20K value in the perifusion effluent or in the serum 
had no apparent relationship between serum total 
hGH concentration and serum IGF-I level or the 
tumor size. 
 Representative profiles of 20K and 22K hGH 

release from GH-secreting adenoma cells in response 
to different hypothalamic peptides are shown in Fig. 
1 (patient 2) and Fig. 2 (patient 6). As shown, the 
release of 20K and 22K hGH was in parallel. When 

%20K and %22K hGH responses to bioactive pep-

Table 2. 20K and 22K hGH levels in the perifusion effluent and the serum in patients with GH-

   producing pituitary adenoma
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tides in 6 adenomas were evaluated as a whole, there 

was a strong positive correlation between them 

(r=0.953, P<0.001).

Discussion

 Boguszewski et al. [7, 15] first showed that 
acromegalics have an increased proportion of cir-
culating non-22K hGH isoforms as determined by 
22K GH exclusion assay. Using specific ELISAs for 
20K and 22K hGH, we reported that the proportion 
of 20K hGH was increased in the serum of patients 
with active acromegaly [8]. In this study, the mean 
ratio of 20K hGH to total hGH (20K plus 22K hGH) 
in the serum of 6 acromegalic patients was 9.08 ± 
2.12%. This value was similar to that previously 
reported by Tsushima et al. [8]. 
 The amount of 20K hGH was estimated to be 5%

Fig. 1. Representative profiles of 20K (top) and 22K (bot-

tom) hGH release in response to hCRH, hUcn, TRH 
and hGRH from GH-secreting adenoma cells in 

patient 2. hCRH (10-6 M), hUcn (10-6 M), TRH 

(10_8 M) and hGRH (10-10 M) were applied as 10-
min pulses.

Fig. 2. Representative profiles of 20K (top) and 22K (bot-

   tom) hGH release in response to hGRH from GH-
   secreting adenoma cells in patient 6. hGRH (10-12, 
   10-11 and 10-10 M) was applied as a 10-min pulse.

Fig. 3. Correlation between 20K hGH and 22K hGH release 

   in response to hCRH, hUcn, TRH and hGRH from 
   GH-secreting adenoma cells in 6 acromegalic 

   patients. The percent 20K and 22K hGH response 
   was calculated as described in the Materials and 

   Methods. Note the strong positive correlation 

   (r=0.953, P<0.001).
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to 10% of the GH in pituitary extracts [15]. In the 
report of Sinha et al. [17], relative proportion of 20K 
hGH was as high as 14.8% in extracts of normal 

pituitary gland. In contrast, the proportion of 20K 
hGH secreted from cultured human pituitaries was 
less than 5% [18]. Thus it is likely that some differ-
ence might exist between thee relative amount of 
hGH isoforms in the tissue content and in the serum. 
To clarify the relative amount of 20K hGH secreted 
from GH-producing adenoma cells for comparison 
with serum 20K hGH proportion, we employed the 
cell culture and perifusion experiment rather than 
determine the hormone levels in extracts of adenoma 
tissues. The mean %20K hGH value in the perifu-
sion effluent varied in a wide range from 3.58% to 
8.72%. This variability indicates that different GH-

producing pituitary adenoma cells secrete 20K hGH 
in variable amounts. It is difficult to conclude from 
the present study whether or not GH-producing ade-
nomas secrete a larger proportion of 20K hGH than 
normal pituitary glands, data for which are not cur-
rently available. 
  In this study, we found that the ratio of 20K hGH 

secretion in vitro was lower than that in the serum. 
Sinha et al. [17] reported that relative proportion of 
20K hGH was 14.8% in extracts of normal pituitary 

gland, while they found only traces of a 20K hGH 
band in Western blotting in the serum. Taken 
together, these findings are consistent with the fact 
that plasma survival time of 20K hGH was longer 
than 22K hGH [6]. 20K hGH, due to its poor 
receptor binding, could be cleared at a slower rate 
than 22K hGH [6]. It was also postulated that 20K 
hGH tended to dimerize [19] and might escape from 

glomerular filtration and subsequent degradation in 
the proximal tubule [6]. The absence of a positive 
correlation between the in vitro and the in vivo 

proportion of hGH indicates a variety of 20K and 
22K hGH clearance rate among patients. It was also 

possible that the proportion of 20K hGH in the serum 
did not solely reflect relative tumor secretion of 20K 
hGH but might be affected by metabolic clearance of 
hGH isoforms. 
 The serum 20K hGH ratio had no relationship 

either to serum IGF-I level, the tumor size or 

preoperative pharmacotherapy in this study of a

small number of patients. Using the same ELISAs 
we previously found that serum 20K hGH proportion 
and serum IGF-I level were positively correlated 
when both active inactive (postoperative) acromegal-
ics were combined, while the correlation was not 
significant in the active acromegalics [8] . Consider-
ing the variability of relative 20K hGH secretion 
among different adenomas and the fact that 20K 
hGH proportion in the serum could be affected by 
metabolic clearance, it is not surprising that the se-
rum 20K hGH did not show any correlation to the 
tumor size. Boguszewski et al. [7] suggested that 
adenomas secreting both GH and PRL seemed to 
secrete more non-22K hGH isoforms. In our series, 
however, two patients (patient 2 and 4) whose serum 
PRL levels exceeded 100 ag/L, exhibited comparable 
serum 20K hGH proportion with the other patients. 
This discrepancy could arise from the nature of the 
different adenomas examined. An alternative expla-
nation is that hGH isoforms other than 20K hGH 
contributed to the abundant non-22K hGH detected 
in the former study. 
  There have been several reports regarding circulat-
ing hGH forms after secretory stimulation in vivo 

[9-12]. Stolar et al. [12] demonstrated that poly-
acrylamide gel electrophoresis profiles after GRH 
stimulation were similar to those obtained after L-
DOPA stimulation in normal men. Baumann et al. 

[11] reported that the release of proportions of hGH 
molecule was not specific for secretory stimuli both in 
normal and acromegalic subjects. In this study, we 
clearly demonstrated the in vitro 20K and 22K hGH 
release in response to different secretory stimuli were 
correlated with each other. This is the first line of 
evidence for a parallel release of 20K and 22K hGH 
from GH-producing adenoma cells and supports a 
notion of in toto release [11] of these two moieties of 
hGH in acromegaly. 

 In conclusion, our present findings suggest that 
20K and 22K hGH might be co-secreted from GH-

producing human pituitary adenoma cells. It was 
also suggested that the high 20K hGH ratio in the 
serum of patients with active acromegaly could be 
attributed both to variable 20K hGH production by 
the adenoma cells and to a slow metabolic clearance 
rate of this moiety.
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