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OWEN, D. B., J. S. MORLEY, D. M. ENSOR, Y. S. ALLEN AND J. B. MILESrophic effects of melanotropin-potentiating factor

(MPF) on cultures of cells of the central nervous systeEBPTIDES18(7) 1015-1021, 1997.—MPF is a tetrapeptide (structure
Lys-Lys-Gly-Glu) that elicits a variety of neurotrophic effects in vivo consistent with a role in neuronal regeneration. In support of this
role, we now show that MPF stimulates the proliferation of cultured astrocytes and neurite outgrowth from cultures of neocortical
cholinergic and mesenchephalic dopaminergic neurons. The dose—response relationships are biphasic (“bell shaped”), maximal
responses being obtained with FM concentrations of MPF. MPF and nerve growth factor seem to act on different receptors, because
their effects on cholinergic neurons are synergistic. © 1997 Elsevier Science Inc.

Melanotropin-potentiating factor (MPF) NGF Neurotrophic effects Astrocytes Neurons

MELANOTROPIN-POTENTIATING Factor (MPF) is th€-ter- METHOD

minal tetrapeptide of humag-lipotropin, of structure Lys-Lys- MPE and the analo
R : O ; gue-Lys-Lys-Gly-Glu were prepared as
Gly-Glu (3). It initiates limb regeneration in hypophysectomized reviously described (11) and were assessed-85% pure by

newts (10) and increases dopamine output from cultures of r":'lgigh performance liquid chromatography and amino acid analysis

adrenal medullary strips (4). A metabolically stabilized analogue S . .
of MPF, of structure Ac-Lys-Lys-Sar-Glu (11), has profound of enzymic digests. Recombinant human NGF was obtained from

long-term neurotrophic effects in rats with unilateral lesions of theGenentech, Inc. All experiments took place within the confines of

nigrostriatal pathway; starting 6 weeks after injection of the ana-2 'af.“'“ar flgw Stef"e cabinet with usual .Stef"'za“O“ precautions.
terile multiwell dishes (Nunclon), plastic tissue culture vessels

logue, the characteristic turning behavior of such rats is reduce?V | | i d with eith I
(5), and there is a reversal of the mitochondrial and other cytolog unclon), or g ass coverslips were cqate with either collagen
{type 1 from rat tail, Sigma) or poly-lysine (MW 70-150,000,

ical damage to substantia nigra neurons (9), which is mainly of\> ¢ ; ; ; .
dopaminergic neurons (2). Sigma). Trypsin solution (0.05%) was prepared immediately prior

The present investigation was undertaken to ascertain if thest use by dilution of a 0.5% solution (trypsin EDTA, Gibco) (1 ml)
neurotrophic effects are also seen in cultures of isolated rat brailith Basal Medium Eagle (BME) (9 ml) containing 25Mn
neurons, and if the effect of MPF is mediated by astrocytes or by1EPES W/Earles salts (Flow Labs). Trypsin inhibitor solutions
a direct action on neurons. Cholinergic neuron-enriched cells fron{0.05% and 0.1%) were prepared immediately prior to use by
the basal forebrain region, dopaminergic neuron-enriched cell@ppropriate dilution of a 0.5% solution [dehydrated form of the
from the ventral mesencephalon region of the fetuses of 14-da§fypsin inhibitor (Sigma), in sterile water] with BME containing 25
pregnant rats, and astrocytes from the ventral neocortical region dhM HEPES W/Earles salts and 0.04 mg/ml of deoxyribonuclease
rat neonates were employed. The effects of 8@ 10 % M (Sigma). Astrocyte culture medium was Dulbecco’s Modified Ea-
concentrations of MPF on these cells were examined, and possibfgles Medium (DMEM) (Gibco) containing 10% fetal calf serum
interactions of the effects of MPF and nerve growth factor (NGF)and 1% penicillin-streptomycin solution (Sigma). Chemically De-
on cholinergic neurons were investigated. fined Medium (CDM) was a mixture of DMEM (75 ml) and Ham'’s

1 Requests for reprints should be addressed to Dr. J. S. Morley, University Department of Neuro$¢i®age Research Institute, Rice Lane, Liverpool
L9 1AE, UK.
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F12 (Flow Labs) (25 ml) containing 10@g/ml transferrin (Sig-  Effect of MPF on Astrocyte Cultures

ma), 60uM putrescine (Sigma), pg/ml insulin (Sigma), 20 M Pure astrocytes were allowed to grow to confluence in poly-

progesterone (Sigma), 30vhsodium selenite (Sigma), 1 vh . .
sodium pyruvate (Sigma), 5% fetal calf serum (Gibco), and pen-lyji'rr:; vc\)/;;(zjllsiﬁln_czos\}ggkz)ooT?; s;gcb?/grgariknsqo(\tgg grgr?] ﬁé
icillin-streptomycin (1 ml of Sigma solution per 100 ml). Cells q y ’

were removed from culture substrates with 0.1% trypsin solutionSUbStrate using trypsin, suspended in astrocyte culture medium,

repared by diluting a 0.5% solution with pH 7.4-7.6 Hanks and incubated (10% Cf at 37°C until growth recommenced
[Bpalaltonced Sglt Soluti%n (G4 and M@ free Sliogma)]. (usually 1-3 _days). Thg appropriate concentration pf_ MPF was
' added, the mixture was incubated for 24 h, th#ijfhymidine (to

provide 1uCi thymidine/100ul) was added and the incubation

Astrocyte Cultures was continued for a further 24 h. The cells were removed by

Neonatal rats were sacrificed by decapitation and the ventrdfypsinization, spun down at 1000 rpm for 5 min, then, after
neocortical region of the brain was removed and placed in BMEremoval of the supernatant, they were treated with Scintran tissue
Sections of the neocortex were then incubated for 20 min at 37°Golubilizer, left to lyse for 2-3 h, and then transfered to scintilla-
with freshly filtered (millipore) 0.05% trpsin solution (1 ml). The tion vials. The thymidine content of both control and treated cells
supernatant was decanted off, 0.1% trypsin inhibitor solution (Iwas then measured using a Pack#dcintillation counter. In
ml) was added, and the mixture was triturated 20 times, and theRome experiments the incubations were continued for 14 days, the
centrifuged for 3 min at 1000 rpm. The trypsin inhibitor treatment, medium being replaced on days 3, 7, and 10 either with fresh
trituration, and centrifugation were repeated, and then residuahedium (control) or with fresh medium containing the appropriate
cells were suspended in astrocyte culture medium (2-3 ml). Theoncentration of MPF or other agent; in these cases, tHhy-
cell suspension was then either (i) plated down @@er cover-  midine was added on day 14.
slip) on coated coverslips with 5Q4 culture medium in a 24-well
multidish, or (ii) placed (1 ml) in 25 or 100 ml Nunclon tissue/cell
culture flasks containing, respectively, 5 or 12 ml of culture
medium. The cultures were then incubated (5%,& 37°C for Unless otherwise stated, the appropriate culture in CDM was
1-2 h). Cells were removed from the substrate and repeatedigrown for 11 days, alone (control) or in the presence of the
subcultured until predominantly astrocytes could be seen in miappropriate concentration of MPF, NGF, mixtures of NPRNGF,
croscopic examination. Optical nerve astrocyte cultures were presr p-Lys-Lys-Gly-Glu, replacing the medium with fresh CDM
pared similarly from optical nerve astrocytes retrieved from neo-every 3 days. In some experiments (described in the text as

The Effect of MPF and Other Agents on Neuron Cultures

natal rats. “multiple dosing”) the cultures were grown for 14 days, and the
medium was replaced on days 4, 7, and 10 by fresh CDM (control)
Dopaminergic Neuron-Enriched Cultures or with CDM containing the same concentration of MPF or other

. L agent (treated). Neurons (usually 60) were then selected randomly
Fourteen-day pregnant rats were sacrificed by IP injection obng viewed on a video screen linked with a microscope. The total

pentobarbitone sodium BP, and the embryonic sac was exposed Vi yrite outgrowth from each selected neuron was then carefully

a vertical slit through the abdominal wall. The sac was opened a_nf’raced onto a transparent sheet. Using a digitizing pen, the total
the crown rump length of the embryo was measured to determingq, rite outgrowth in micrometergutn) for each neuron was de-

the exact age. After removal of the amn.iotic sac and the pl,acem%ermined, and the mean total neurite outgrowth per control or
the fetuses were collected and placed in BME. After peeling offy.oiment was calculated

skin and the cranium, the fetal brain was positioned to provide a

good view of the ventral mesencephalon, and all meningeal tissue

was carefully removed. The ventral mesencephalon tissue waStatistical Analysis of Results
dissected out, placed in BME, repeatedly triturated for 5-min
periods at 37°C, then centrifuged for 3 min at 1000 rpm. The
residual cells were suspended in CDM, plated down gb®er
coverslip) on collagen-coated coverslips with 500CDM in a
24-well multidish, then incubated (10% GJoat 37°C for 1-2 h. RESULTS

Unless otherwise stated, results were compared using the un-
paired Student’s$-test.

Cholinergic Neuron-Enriched Cultures Astrocytes

Using 1-3-day cultures of neocortical astrocytes grown on

Fetal brain was collected, as described above, from 14-da EM | I ted s sinale d ¢ MPE af'10
pregnant rats, and basal forebrain (E15) tissue was dissected oHf” In co g‘ge”'coa ed vessels, single doses o arl .
,and 10 ® M concentrations caused increases, compared with

and processed by the procedure described for preparing astroc . -~ g
cultures, except that after the trypsin inhibitor treatment the residcontrols (no MPF), inTH]thymidine uptake, measured as disinte-

ual cells were suspended in CDM, and CDM was used in theg_rations per minute (dpm) afte_r corre(_:tion for quenching (Ta_ble 1,
subsequent incubations. Fig. 1). The effect was maximal with 16 M MPF, so this

concentration was used in subsequent experiments. In 16 experi-
. ments, highly significant, but variable, increases were seen, the
Astrocyte-Free Neuron-Enriched Cultures mean increase being 271% € 0.4 X 10~ 7) (Table 1). The mean
After the appropriate neuron-enriched culture had been growincrease in 14 experiments where the culturing was extended to 12
ing for 48 h in CDM, the medium was removed, and replaced withdays, and the culture medium was removed and replaced by fresh
one containing 10° M cytosine arabinoside [Ara-&] The incu-  medium containing the same concentration (1®) of MPF on
bation was continued for a further 24 h, then the [Ard-&jn- days 1, 3, 7, and 10 of the culturing, was 197go<( 0.0001)
taining medium was removed and replaced by the appropriatéTable 1). Significant increases were also observed when neonatal
[Ara-C]*-free medium. The absence of astrocytes and other gliabpical nerve astrocytes were used, or when the astrocytes were
cells was confirmed by microscopic examination. grown in CDM (Table 2).
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TABLE 1

THE EFFECT OF MPF ON THE GROWTH OF NEOCORTICAL ASTROCYTES GROWN ON DMEM
IN COLLAGEN-COATED VESSELS

MPF Conc.
(M) Control (dpm= SE) Treated (dpm: SE) Increase (dpnt SE) p (Sign Test)
10°© 23860+ 8351* 57307+ 20057* 33447+ 1170* (271%) <0.4X 1077
10 %t 13148+ 3353% 29173+ 7439% 16025+ 4086% (197%) <0.0001
104 24572 28754 4182 (17%)
10°¢ 24572 39029 14457 (59%)
1078 24572 34696 10124 (41%)

Cell growth is represented byH]thymidine levels given as disintegrations per minute (dpm) after
correction for quenching.

* Mean of 16 experiments.

T In these experiments the culture medium was removed and replaced by fresh medium containing
MPF at the same concentration (fOM) on days 3, 7, and 10 (“multiple dosing”).

¥ Mean of 14 experiments. DMEM Dulbeccos Modified Eagles Medium containing 10% foetal
calf serum and 1% penicillin-streptomycin solution. The final three entries give the results of a single
experiment in which three different molarities (M) of MPF were compared.

Cholinergic Neurons and reduced to 25% or 21% at 1DM, 32% or 16% at 107 M,
" s - . )
The effect of three different concentrations of MPF on cholinergic—aﬂd 14% or-2% at 10" M. In five repeat experiments using 10

enriched neurons that had been freed of astrocytes by treatment wi MPF’ increases in n_eurite outgrowth \évere always obse_rve_d_, but
[Ara-CJF is shown in Table 3. At an MPF concentration of 04, there L€ increases were variable (mean 40.4%) (Table 4). No significant
was a 69% increase in neurite outgrowth of the cultured neurons; tHEiCréase in the effect was seen when multiple doses of MPF (see
increase was less (53%) at a concentration of M, and only 7% ata  the Method section for definition) were given.

concentration of 10* M. In six repeat experiments using 70M MPF, When a biologically inactive analogue of MPF of structure
increases in neurite outgrowth were always observed but the increased-ys-Lys-Gly-Glu (11) was used in these experiments at a con-
were variable (mean 30.3%) (Table 3, Fig. 1). centration of 10° M, the results were not significantly different

The effect of four different concentrations of MPF on cholin- from those of controls. Thus, using [Ara&feated neurons, the
ergic-enriched neurons that had not been treated with [A?asC] mean neurite length was 2012 22 um and that in the control
shown in Table 4. In two sets of experiments, the effect of MPFwas 199.0+ 36 um; and using neurons that had not been treated
was again maximal (increase in neurite outgrowth, 58% in onewith [Ara-C]3, the mean neurite length was 181239 um and
experiment, and 51% in the other) at a concentration 614, that in the control was 185.9 41 um.

Increase in neurite\astrocyte growth (%)

x* '—{— Untreated with Ara-C
= —K- Treated with Ara-C
-- - - Astrocytes
-10 I I I |
10.4 10.5 10.6 10.7 10.8

MPF conc (M)

FIG. 1. Biphasic response of basal forebrain cholinergic neurons (treated or un-
treated with [Ara-CJ) and astrocytes to varying concentrations of MPF. Data from
Tables 1, 3, and 4. Note that the results with astrocytes and neurons treated with
[Ara-C]® are from single experiments.
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TABLE 2
THE INFLUENCE OF MEDIA AND ASTROCYTE SOURCE ON THE EFFECT OF MPF (M) ON ASTROCYTE PROLIFERATION

Astrocyte Source Medium Control (dpm SE) MPF-Treated (dpnt SE) Increase (dpnt SE) p (vs. control)
Neocortical CDM 8930+ 1696 10807+ 2053 1878+ 357 (21.0%) <0.0005
DMEM 8295+ 2157 8834+ 2297 539+ 140 (6.5%) NS
Optical nerve CDM 4163 1166 4673+ 1308 510+ 143 (12.2%) <0.01
DMEM 3367+ 1010 3932+ 1180 565+ 169 (16.8%) <0.01

Cell growth is represented byH]thymidine levels given as disintegrations per minute (dpm) after correction for quenching (all means of five
experiments). CDM, chemically defined medium; DMEM, Dulbecco’s Modified Eagles Medium; NS, not significant. See the Method section for full
descriptions of media. The optical nerve astrocytes were retrieved from neonatal rats and processed as described in the Method section for neocortic
astrocytes. Neocortical CDM vs. DMENp, < 0.0005; optical CDM vs. DMEM, NS.

The effect of astrocytes or lymphocytes on these effects of DISCUSSION

MPF is shown in Table 5. In these experiments, [Ard-G}ated Our results show that MPF, a simple tetrapeptide is a potent

cholinergic-enriched neurons were grown either on CDM, astOimulator of the proliferation of pure astrocytes from two distinct

cyte beds, or lymphocyte medium, alone or in the presence df 10 : : .
M MPF. Neurite outgrowth was less in astrocyte beds or Iympho_reglons (the cortex and optical nerve) of the rat brain (Tables 1 and

cyte medium than in CDM. MPF caused significantly increasedz)' The maximum effect was seen with an MPF concentration of
. 6 .
outgrowth of 28% or 48% in two experiments when it was addedlo M, the effects of weaker and stronger concentrations of MPF

to the astrocyte medium, but no significant effect when it Wasbelng less ('_I'a_ble D). _In 9'.' repllt_:ate experiments, 104 OMP'.:
added to the lymphocyte medium. caused statistically significant increases (mean 271%) in the

Table 6 shows the effects of MPF, NGF, and mixtures Ofgro#h of ?eoc?rtlcallt astrocytes. d und ) .
MPF + NGF on cholinergic-enriched neurons that had previously € astrocyle cultures we used underwent many passages (o

been untreated or treated with [Ara3CRespectively, 10° M exclude other neurone populations, and microscopic examinations
MPF caused 41% or 47% increases in neurite outgréwth, Wherea'%'gge'.sted th? presence .Of only pure astrocytes. Nevertheless, there
10~° M NGF caused 83% or 54% increases: however, a mixture ofVaS wide variation in their responses to MPF. We suggest that the

10" M MPE and 10° M NGF caused 105% or 77% increases. Most likely explanation. of.the variab!e resullts is (a) that. the
starting number of cells in different replicates differed appreciably

(supported in a few cases by haemocytometer work), and/or (b)
that, in different replicates, the astrocytes were in different stages
The effect of MPF on the growth of dopaminergic-enriched of cell division, and that MPF acts as a trigger of growth only
neurons grown on collagen that had previously been treated witht certain stages of division. Multiple applications of MPF in
[Ara-C]3 is given in Table 7. In three experiments, fOM MPF these experiments had little effect on the degree of proliferation

caused significant 28—62% (mean 41.5%) increases in neurit€Table 1).
outgrowth. MPF also caused highly significant increases in neurite out-

Dopaminergic Neurons

TABLE 3

EFFECT OF MPF ON NEURITE OUTGROWTH OF CHOLINERGIC ENRICHED NEURONS
CULTURED (CDM) ON COLLAGEN,
AND TREATED WITH [ARA-C]®

MPF Conc. W) N Mean Length gm) Control @m) p (vs. Control) Increasep(m)
10°© 63 158.1+ 43 93.3x 47 <0.0005 64.8 (69%)
60 26.4+ .8 218t 6 <0.0005 4.6 (21%)
120 293.6+ 72 233.2+ 58 <0.0005 60.4 (26%)
60 364.3* 83 247.6x 47 <0.0005 116.7 (47%)
30 243.1* 64 210.4+ 59 <0.025 32.7 (16%)
30 226.8* 68 201.3* 39 <0.05 25.5 (13%)

120 317.6x 72 264.7+ 66 <0.0005 52.9 (20%)*

mean (30.3%)
104 65 100.8+ 43 93.3% 47 NS 7.5 (7%)
10°© 63 158.1+ 43 93.3x 47 <0.0005 64.8 (69%)
108 62 142.8+ 36 93.3% 47 <0.0005 49.5 (53%)

N = total number of neurites selected in determination of mean length; CDM, chemically defined
medium. The final three entries give the results in one experiment in which three different molarities
(M) of MPF were used.

* Multiple dosing.
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TABLE 4

EFFECT OF MPF ON NEURITE OUTGROWTH OF CHOLINERGIC NEURONS CULTURED (CDM)
ON COLLAGEN AND UNTREATED WITH [ARA-CJ®

MPF Conc. W) N Mean Length gm) Control (wm) p (vs. Control) Increasep(m)
10°¢ 60 265.1+ 74 170.3+ 37 <0.0005 94.8 (56%)*
60 254.0*= 76 164.8+ 39 <0.0005 89.2 (54%)*

30 229.1+ 56 144.6+ 33 <0.0005 58.5 (58%)

60 228.1+ 73 151.4+ 49 <0.0005 76.7 (51%)

60 273.9* 86 194.8+ 67 <0.0005 79.1 (41%)

60 336.3+ 101 307.3+ 88 <0.1 29.0 (9%)

31 243.1* 64 213.5* 58 <0.05 29.6 (14%)
mean_40.4%

10°° 30 181.4+ 34 144.6+ 33 <0.0005 36.8 (25%)
60 182.6+ 41 151.4+ 49 <0.001 31.2 (21%)

10°© 30 229.1* 56 144.6+ 33 <0.0005 58.5 (58%)
60 228.1£ 73 151.4+ 49 <0.0005 76.7 (51%)

107 30 190.2+ 37 144.6+ 33 <0.0005 45.6 (32%)
60 175.4+ 46 151.4+ 49 <0.025 24.0 (16%)

108 30 164.3+ 35 144.6+ 33 <0.025 19.7 (14%)

60 148.2+ 32 151.4+ 49 NS —2.8 (—2%)

N = total number of neurites selected in determination of mean length; CDM, chemically defined
medium. The bottom entries give the results of two experiments when different molarities of MPF
were used; significant statistical differences were found (sign test) in each experiment when the
results at 10° M were compared with those at 19 M, 107, and 108 M (p < 0.0005), and the
results with 10° and 107, M were compared with that at 16 M (p < 0.001).

* Multiple dosing* v single dosing, NS.

growth from cultures of cholinergic enriched neurons (Tables 3the results withp-Lys-Lys-Gly-Glu. Only the configuration of
and 4). The method of preparation of the cultures only permitsthe N-terminal residue is changed in this analogue, yet at®10
use of the term “cholinergic-enriched neurons,” but astrocytesM concentration it was without effect on the growth of cholin-
were excluded in some of the experiments by [Ar&-@pat-  ergic neurons.

ment (Table 3). With both [Ara-Cltreated and untreated neu- To further explore the effect of astrocytes on MPF’s action on
rons, a maximum response was obtained with®®l MPF, and  neurons, [Ara-C}treated cholinergic neurons were grown on ei-
the responses to weaker or stronger concentrations were signifher CDM or astrocyte beds, alone or in the presence of 10
icantly lower (Tables 3 and 4, Fig. 1). As with the effect on MPF. Neurite outgrowth was less in astrocyte medium than in
astrocytes, the dose—response relationship was therefore b&llDM (the Controls in Table 5). MPF caused significantly in-
shaped. In replicate experiments, fOM MPF caused consis- creased outgrowth in both cases, but the increase was significantly
tent, but again variable, increases in neurite extension usingigher when astrocyte medium was employed (Table 5). The
astrocyte-free cultures (mean 30.3%) (Table 3), or astrocytesuggestion—from the higher mean outgrowth in [Ar&@h-
contaminated (untreated with [Ara-&]cultures (mean 40.4%) treated, compared with treated neurons—that the effect of MPF is
(Table 4). The specificity of this effect of MPF is illustrated by greater in the presence of astrocytes is thus supported. Similar

TABLE 5

EFFECTS OF ASTROCYTES OR LYMPHOCYTES ON NEURITE OUTGROWTH OF CHOLINERGIC
ENRICHED NEURONS TREATED WITH ARA-C

MPF Conc. ) N Medium  Mean Lengthgm) Control (um) Increase gm) Increase (%)

10°¢ 60 astr 327.5- 98 2554+ 84  <0.0005  72.1 (28%)
60 CDM 336.3= 101 307.3: 98  <0.1 29.0 (9%)

100 astr 237.7 53 160.6+ 46  <0.0005  77.1 (48%)

32 CDM 243.1* 64 2104+ 59  <0.025 32.7 (16%)

10°° 42 lymph 190.2+ 54 197.9+ 64 NS —7.7 (—4%)

31 CDM 243.1+ 64 2135+ 58  <0.05 29.6 (14%)

30 lymph 187.7+ 31 1705+ 49  <0.1 17.2 (10%)

30 CDM 226.8+ 69 201.3+39  <0.05 25.5 (13%)

N = number of neurites measured in determination of mean length; CDM, chemically defined
medium; astr, astrocyte; lymph, lymphocyte; NS, not significant. See the Method section for
preparation of media. Differences ast vs. CDM< 0.005; lymph vs. CDM, NS.
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TABLE 6
SYNERGISM IN THE EFFECTS OF MPF AND NGF ON CHOLINERGIC ENRICHED NEURONS GROWN IN CDM ON COLLAGEN

MPF (Conc.) NGF (Conc.)* N Mean Length gm) Control @wm) p (vs. Control) Increaseufm)

Cultures previously untreated with [Ara<C]

10 M nil 60 273.9+ 86 194.8+ 67 <0.0005%1 79.1 (41%)

nil =10"°M 59 356.7+ 108 194.8+ 67 <0.0005% 161.9 (83%)

106M =10"°M 60 404.2+ 108 194.8+ 67 <0.0005 209.4 (106%)
Cultures previously treated with [Ara-€]

10°°M nil 60 364.3+ 83 247.6+ 47 <0.00058 116.7 (47%)

nil +107°M 60 380.9+ 87 247.6+ 47 <0.0005 133.3 (54%)

10°°M +10"°M 60 438.3+ 99 247.6+ 47 <0.0005# 190.7 (77%)

CDM, chemically defined mediuniy, number of neurites measured in determination of mean length.

* The conc was 20 ng/ml, which based on MW of NGF26,000 was calculated as 0.%710 ° M.

T MPF vs. NGF, and MPF vs. MPF NGF <0.0005.

¥ NGF vs. NGF+ MPF <0.025; 8MPF vs. NGF not significant; MPF vs. MPFNGF <0.0005; #NGF vs. NGF MPF <0.005.

experiments using lymphocyte medium (Table 5) suggest that thef pituitary and other peptides examined, only MPF anMSH
action of MPF is impeded by the presence of lymphocytes. (which contains the ACTH sequence) stimulated limb regeneration

Inverted U-shaped or bell-shaped dose—response relationships, hypophysectomized newts (10) or dopamine output from cul-
similar to those we found in the responses of astrocytes antlures of adrenal medullary cells (4). In the form of metabolically
neurons to MPF (Fig. 1), have frequently been reported in invesstabilized analogues (Ac-LysLys-Sar-Glu in the case of MPF;
tigations of the neurotrophic effects of melanocortins (6) and theOrg 2766 in the case of the ACTH sequence), both show effects in
physiological effects of hormones (8). An explanation of this vivo suggestive of CNS regeneration (1,2,6,9,12). However, de-
phenomenon (8) based on a multisubsite receptor model seenspite this broad parallelism, significant differences in the actions of
especially relevant in the case of MPF, because MPF’s molecule ithe two peptides are emerging. MPF potentiates the pigmenting
well-suited to participate in stabilized P4 states (see Fig. 2). action of a-MSH on melanocytes (hence its name), but has itself

Our finding of synergism in the actions of MPF and NGF on no effect on melancocytes (3). The ACTH(4-10) analogue re-
cholinergic neurons is of particular interest. On a molecular basisyerses the abnormal turning behavior of rats with unilateral lesions
MPF was about 1000 times less potent than NGF in promotingf their nigrostriatal pathways provided it is injected immediately
neurite outgrowth, but our results (Table 6) show that the effect ofafter the lesioning, the effect being maximal 2 days after the
mixtures of MPF and NGF was significantly higher than that of
either given alone. This suggests that MPF and NGF act through
different receptors.

Our finding that MPF also increases neurite outgrowth in 2 _%
cultures of mesencephalic dopaminergic neurons (Table 7) pro- < Q
vides added support to our interpretation of in vivo experiments in j" 5‘
which dopaminergic anatomy and function is restored by MPF 3 »
(2,5,9,11). Based on these cumulative results, clinical investigation oY 4 F? .||>'
of the potential of MPF in the treatment of Parkinson’s disease has 3 ¢ 3 2
been approved and is now in progress. o 77777 ¢ // 7 © 77777 - J77

Our results further emphasize the interesting parallelism in th / - /// e % // /51 /// o2 //
trophic actions of MPF and the hepatapeptide sequence 4-10 o 7 / "/, mn /
ACTH. Thus, ACTH(4-10) has trophic effects on spinal neurons v //////% /””//// //// ‘//// "/
in vitro similar to those described for MPF (13). Of a large number P3 P4

FIG. 2. Postulated mechanism (simplified), based on a multisubsite recep-
tor model, to explain the biphasic (bell-shaped) dose-response relation-
TABLE 7 ships seen with MPF. MPF is represented as having binding sites located
on its Glu and Lys residues, which interact with specific subsites (S1 and
EFgggXM?EE’\éZTCOENNglECﬂEgENgBggﬁgV{ATngNog%EUgRESE;D F S2) of th_e receptor _(shown shaded). _In the actiyate(_j state P_3, one molecule
GROWN IN CDM ON COLLAGEN of MPF interacts with the receptor via both of its binding sites, a confor-
mational change occurs, and agonism results. It is postulated that another
state P4, where two molecules of MPF interact with the receptor—one via
its Glu site and the other via a Lys site—is stabilized in the case of MPF
6 because of ionic interactions (represented by arrows) between the unbound
106 M 28 ﬁg.gi g; igiii gg zg-gggg gz-g ggzﬁ; Lys and Glu residues; consequently, formation of the active P3 state is
e e : : hindered, and abnormal dose-response relationships are predicted. In ex-
50 194.2+37 120.0+29 <0.0005  74.2 (62%) treme cases, when the P4 state is favored to the full exclusion of the P3
mean (30.3%)  state, maximum responses will occur with 50% occupancy of the two
subsites, and thereafter increasing concentrations of MPF will result in
N = number of neurites measured in determination of mean lengthprogressively decreased responses, the response being nil when there is
CDM, chemically defined medium. 100% occupancy of the subsites.

MPF Conc. N Mean Length Control  p (vs. Control) Increaseufm)
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lesioning, and decreasing 5 days after the treatment (1); thés, as yet, no evidence that this gene is the genetic source
MPF analogue has similar behavioral effects in this rat modebf MPF.
even when it is injected 3 weeks after the lesioning, but in The mechanism(s) by which MPF exerts its trophic effects
contrast to the ACTH analogue, its effects are first seen 6 weekeemain unknown, but the results presented in this and our previous
after the lesioning, develop in magnitude over the next 6 weeksarticles suggest a neurotrophic status for MPF akin to that postu-
and are still evident 2 years after the lesioning (5). A compendated for the increasingly large number of small neurotrophic
satory mechanistic and neuronal protective role for ACTH(4 —proteins for which receptors have been identified. In the therapeu-
10) is indicated, whereas the results with MPF suggest that itic application of neurotrophic agents, there are clearly many
may have a more direct role in the initiation of CNS regener-possible advantages in the use of a small peptide as distinct from
ation. proteins.
Unpublished work in which we are applying an MPF assay
(7) in the analysis of human tissue retrieved at autopsy leaves
no doubt that MPF exists in the human brain, though its specific
distribution is presently uncertain. The MPF sequence, like the we thank the SERC for the award of a Ph.D. studentship to D.B.O., and
ACTH sequence, is contained within the PMOC gene, but therehe Trustees of Remedi for other financial support.
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