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’ } Summary. Raynaud's phenomenon was described in 22 workers engagad in vi-

ryl chloride polymerization. Within this group, precdromal signs have been
sezen in 6 persons, typical Raynaud's syndrome in 1Q persons. In the re-
paining ¢ persons in addition to Ravnaud's pherowenon slercdermalike
cranges in upper ertremities and acro-osteolysic of distal phalanges of
fingers were observed.

Impunoelectraphoretic findings displayed increase in the levals of
orosomucoid, ceruloplasmin, total lipids, and lipoproteins. Latent cryo-
globuvlinemia, Jdetectable after Sephadex G-200 filiratizn, was found in
18 sera (81,6%). The majority of precipitates was poclyzlonal, chicfly
composed of immunoglobulin A and G. In % cases including Y with atro- -
osteolysis a substantial increase in serum IgG level was =aen. The
j authors express the opinion that Raynaud's phenomenon Jue ta ~he toxie

effect of vinyl chloride iz conditioned by cyyeglobutinemia. I+ is as-—
suned that the toxic mechanism of viny! chloride 1g due to dist.rhances
in humoral resistance of the organism,

#ey words: Vinyl chloride disease - Cryoglobulinemia - Raynausi's ci-..ome

‘ enon.

Raynaud's phenomenon is the most frequently observed symptom
of vinyl chicride disease; conssqguently sclerodermalike skin
changes particularly in distal parts of extremities, acro-
‘ osteolysis of distal phalanges, trombocytopenia, periportal
liver fibresis accompanied by secondary esophageal varices
and pulmonary insufficiency may be seen :6,12,14,223.

Recently not only experimental investications {23? but also
clinical observations indicate, that vinvl chicride {v.c.) may
vave carcinogenic properties '4,23,24].
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Raynaud?'

ghenonenon appears to be the earliest symptom of

pathnlogic disturbances caused by vinyl chloride intexicatior:,

The pathoyenesis of vinyl chloride disease, and Raynaud's
phonomeran particularly, is unknown.

This naper presents results of studies on pathogenecsis of
phenomenon due to vinyl chloride.

Raynaud'c

MATERIALS

Raynaud's-

disease has been found in 22 workers emploved in
polymerization of vinyl chloride. There were 18 men and 4

women. Affected personnel ranged in age from
(average 34.2). Only 3 persons were over 50.
professional exposure to v.c. varied batween 2 and 10 years
{average 4.7). At the time of medical examination,
have not been working with v.c.
18 months. Five workers retired due to professional disease.
In all the patients general medical and neurolegic examin-

22 - 61 years
The time of

15 people
for periods of 2 weeks to

ation as well as capillaroscopy of nail beds were carried out. -

The laboratory investigations have been directed toward

detecting changes in serum proteins. They included total seruw

protcin concentration, paper electrophoresis, immunoelectro-
phoresis with estimation of prealbumin, orosomucoid, anti-
tripsin, haptoglobin, cerulcplasmin, and transferin fractions.
Other immunologic studies covered heterologic antiglobulins

for sheep ¢rythrocytes sensibilized with rabbit antibody (SSEi. ,

homologic antiglobuling for latex covered with human gamma-
globulin {latex fixation test), cold agglutinins [15], cryo-
globulins in serum detectable by spontaneous precipitation at
+40C, as well as latent cryoglobulins, detectable after fil-
tration of the serum through .a Sephadex G-200 column and in-
cubation of the effluent at +4oc [8].

The cryoglobulins were identified by their immunoglobulin
immunoelectrophoresis double diffusicon precipi-
tation in g=1 in micromodification according to Scheidegger
[217. For immunoglobulin identification specific antisera for
‘Biomed-roland have been used,

Tha concentraetions of serum immunoglobulins A, G, M have
beeén determired by single radial diffusion method usinz Beh-
(CFR) partigen plates.

set-ur by

IgA, 1gG,

ringwerke

RESULTS

Accordiny to the degree of clinical changes, 3 groups of
patients could be observed. They display, respectively:
1. prodromal signs of Raynaud's phenomenon (n = §);
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There were 6 people in the
tinued working with v.c., and the other 2 rema1ped~unexposed
to v.c. for the last month. All patients reported tliat spon-
tangeous coldness provoked numbness as well as having hyper-
sensitivity to cold. Capillaries of nail beds in 1 caszsc were
spastic with atonic component, in another gigantic Raynaud's
loops could be seen. Apart from hypoesthesia of the dorsal
part of the hand in | patient, no other neuvrologic.disturb-
ances have been found,

Among the 10 patients of the second group, 2 continued
working with v.c., the others were removed from the pro-
fessional exposure to v.c. for saveral weeks to i8 months.
apart from the same troubles as in the firs: grouy, here Ray-
naud's phenomenon was described as skin-blanching distal
parts of upper and even lower extremities. This symprom oc-
curred most frequently by ceooling, rarely spontaneously in
room temperature. The patients complained also of drowsiness,
hyperexcitability, pains in the heart area, dizziness, per-
iodic muscular and joint pains, stiffness of the hands. Ca~
pillaries of nail beds were spastic in 7 persons, with atro-
phic component in 2 of them. There were moderate veqetative
skin changes in the distal parts of upp.: and lower oxtre-
mities: the skin was unusually damp, cocl, and pale. Hyj0-

+

zsthesia of the fingers was found in 4 patients.

There were 6 persons in the third group; 7% of them retired
o the grounds of suffering from professional disease and
left the job with v.c. for periods from & - 18 months. Sub-
jective symptoms were similar to those in the previous group,
Apart from skin-blanching the patients compilained of parox-
ysmal cyanosis and a feeling of stiffness of the fingers.
Giant Raynaud's loops were observed in 3 persons, in 1 of
them atrophic changes too. There were severe trophic treoubles
ir distal parts of extremities. The skin was cyanotic, dry,
or exceedingly damp, usually cold, fingers were thicrer than
rormal, distal phalanx swollen, c¢r shortensd. In some pa-
tients the matrix of the fingernails was lacxing.

Three patients had ropelike stiffening of the forcarms,
muscular atrophy of hands and {orearms. Ro=irgenngraphically,
acro-osteolysis in distal phalanges of fingers in all 6 pa-
tients has been found.

Concerning 1nvestlgatlons of serum prOtELnS the ozt fre-

guent disturbances were cryoulcbulinemia {83.8%), increased
albumin in immunoelectrophoresis accompanied by uncaanged
albumin to ¢globulin ratio (63.6%), increascd nros cocord
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Teahla o protein disturbances in

Kind ot (."h.mq-:*s No.of cases

Cryaglotwiasn s 18 diLa
Inereasa . L Libiming 14 LR .
Inereade of orosdonacaid Ll o Ba.5
Iurreass nf cerilup.agmie ] KR ‘
Dulrease (pova- and E-giobilins a R
increass o {gh ooencentt gt ion e <3.7
Decreass of haptojlobin 2 . BTN
fazrease S Laptoglobn 1 .3
Dv::ecu-rc_ 7% ancitmipsin 1 2.5
Incredane of LM mnoentration H 4.0

(54.5%) and ceruloplasmin (25.3%) fractions. The proteinograr
splaycd o« small drop in the and 3-globulin fractions
(36.3%) angd increased Jmmdnogxogulln IgG level (22.7%) (see
Table 1).
An increased level of total lipids (61%) and :i-lipoproteins
was noted as w=all,

.

At the stage of prodromal signs of Raynaud's disease, <ryos .

globulinemia was a general finding except in 1 person. Immuno-
electrogphoretic hyperalbuminemia with normal albumin to glebu”
lin ratio was coexistent with a threefold increased oroso-
mucoid and a twofold increased cerulcplasmin level. In a
single casce a subkstantial incr=ase of the immunoclobulin IgM
(12,2 “) has been found (Tabie 2).

in ad\.n-ed Raynaud's syndrome (second group), in addition
to ¢ryoglobuiinemia (9x), the following changes were seen:
Increased orosomucoid (6x) and ceruloplasmin (4x), both in-
creased and decreased haptoglobin, decreased a2—- and g2-globu-
lins (4x), as well as clear increase of the immunoglobulin
IgG level {2x) (Table 13).

In the third group (sclerodermalike changes) acain cryo-
globulin was ovident (4x) as well as increased oroscomucoid
(3x) and ceruloplasmin (2x). The drop in the 13- and g-globu-
lins was more frequent (dx). Special attention sheouid be paid
to the inecrecage of class G immunoglobulins in 50% of the cases
of this 4roup (Taule 4). In 2 sera no cryoprecipitates were
found.

One of the sera belonged to a worker whose exposure to v.C.
was stopped 18 months earlier. In the second case cryoprecipi-
tates -had been positive 12 months earlier. Since then exposure
‘to-v.e. had been Stoppﬂd as’ well.-

Immunoelectro~ mqg {%}

phoresis

Paper electrophoresis (%)

i
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Tablea 2. Vinyl chloride disease. Clinical data in patients with prodromal signs of Raynaud's phenomenon
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Table 3. Vinyl chloride disease. Clinical data in patients with typical Raynaud's phencmenon

Paper electrophcresis (i) Immuncelectro- mg %
phoresis

.
9]

=g %)

(

Present case
Exposure (yrs)
Total lipids (mg
3-lipoproteins
Tctal protein (g %)
Glubulin
Prealbumin
Orosomecoid
Haptoglobin
Ceruloplasuin
Cryoglobulins
Cold agglutinins

Case no.
Albunmin

138.5 77.1
227.0 154.0

351.0 170.8

265.5 141.8
281.6 77.1
289.8 101.4
157.4 77.1
265.5 B9.0

2i9.6 77.1

Table 4 e S
' vinyl chloride disease. Clinical data in patients with Raynaud's phenomenon, sclerodermia-like changes and acro-
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vinyl chloride disease. Clinical data in patients with Raynaud's Phenomenon, sclerodermia~
osteolysis . ) -
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(o noree of the inwvestigated cases were cold agglutinins ' largo

r
! found. irounaclectrophoretic identification of 12 cryoprecipi- | Rayna : -
N tatos wan Loriornod using anti-IgA, anti-Igd, and anti-IgM Peric. .
) Jora. Thu ryemdininag 6 cryoprecioitates have not been investi- natur..
dqated because of the small amounts ef cryoglcbulins obtained. | [2]_
N Prhrs owan wont evidenr in the third group (Table 4). Th.
T T Ly rocip lates wore monoclonal, that is cemposed of the .
: gl v tagvaiyy he other 10 were polyclonai. They were com= | duct i
) Lol ot cloass A, 4; and M ilmmunoglobulins in 1 case, in the of i
. ropotiin: onos a clear 1gA + faG band was visible. It should dlobu:
1 e added rhat crverrecipitation was present in fractions §-12 ation
af gura belonaging to the first group, in fractions 5-11 in T™h
) tte seco.d one and in fractions 5-8 exclusivelv in the third anisno
HrOu. a Raynau
nolog::
the fi:
CISCUSSTON ' the ca
g - ' scrib. :
o 1t foliows from these observations that Raynaud’s phenomenon naud"’ 5 5
- {s‘thc dominant c¢linical sian in vinyl chloride intoxication , wherea g
W - .3, . Raynaud's phenomenon is known as accompanying many sys- : with
ﬁé% é; temic discases especially those marked as autoaggression dis- ' like ¢
g{f ﬁg CaAs0s rﬁn@?ti?nncd by alterations in the reactivity of the - . scribe-
<oE organism  8,9.. .. : of 7
:;; The most frequent cause of apparenc pathologic changes : COpro;
f%F"; duraing coouling down are crycglobulins or celd agglutining : which
%&? . [19}. Thu presence of cryoglobulins at creat concentrations , eases
: is manifested Ly a characteristic clinical picture: In ad- pProces .
- dition {v Raynawd's phenomenon, aseptic finger recrosis, and Ace
skin ulroraiconsg, other syaptoms such as stasis in the reti- ig g+i-
. nal Llood vessels, hemorrhagie diathesis, and alterations in other
* bleod vesscis of the lungs, thos kidney, the coronaries, and cluded
even brain aad troph:ic herve trunk vessels cen be seen [1,4, . in pec
5,181, - (4] .
The similarity in syndrome between chreonic vinyl chloride In-
intoxicatien ana thoe above desgcribed crvogleobulinemia prompted‘ toxica-
the scarch for a conneccion between the 2 diseases. The in- It mas
restigation confirmed this assumption. Cryeglcbulins were Cegsfu’
, found in the sera of 81% of cases examined. Accerding to nu-
- merous MiLhars, svontdaneous and latent cryoprecipitaticn may
be distinguishod :8,16]. The latter does not result in a spon- REFERF".
tancous precipitation in serum after cooling. It can only be | T
£ detected after filtration through a Sephadex G-200 column.
? In this investigqation latent cryoprecipitation in serum
B wasn found cxclusively. : .

yelonal character of most. cryoprecipitates testifies °

The poiys
undoubtedly to th ologic¢ nature L]OE. Quantitatively -
I p v et sl 3 i \‘}‘ "ﬂi)‘a' o ' : “,"_'.- .
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‘ £ *case after
period. These observatlons arc in‘accord with thes
nature of cryoglobulinem;a in different pathologlc COHdlthﬂS‘
[2].

The presence of cryoglcbullns shows that the reactivity of
the organism has been altered. It is assumrd that the pro-
duction of cryoglobulins is caused by a fault in ‘he synthesis
of immunoglobin [11,17]. Most probably the engajement of anti-
globulin antibodies arising in the prccess of hyparimmuniz- i
ation plays also an important role [10..

These considerations justify the assumption that the mech- .
anism of the toxic effect of vinyl chloride in goncral and of >
Raynaud's phenomencn in particular liszs in the altercd immu- '
nologic responsc of the organism. This is also confirmed by
the finding of increased serum immuncglobulin levals both in
the cases menticoned in this revecrc as woll as in Lthose de-
scribed by Lange et al. [15;. In the prodrumal puriod of Ray-
naud's syndrome a net increasc of IgM in 1 cass Wz~ goon ..
vhereas increased class IgC levels were okserved In patients
with advanced pathologic symptomd, particnlarly scleroderma-
like changes and acro-osteolysis. Similarly, in the cases de- i
scribed by Lange et al., high 1u% levels were found in 6 out
of 7 persons with acre-osteolysis. The increase of serum gly-
coproteins as well as of orosomucoid and ceruloplasmin levels
which are considered a sign of c¢xacerpation in ccellagen dis-
eases may also be interpreted as signs of & general .pathologic

process [7].

——

According to the authors' obscrvaticns the humerel immunity
is stimulated under the toxic action cf vinyl chisride. On the
other hand, participation of cellular immunity may not be ex-
cluded if we keep in mind the ceneration of malignant tumors
in people exposed to vlnyl chleride (liver angiosarzomata)

Fa1

1.
-

Investigations on the pathoagencsis ¢f vinyl chloride in-
toxication should be continued rot only Zor theorecic reascns.
It may be anticipated that this will create a basiz four suc-
cessful treatment and prophylaxis.
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