
Inhibition of the Local Inflammatory Response

in Man by Antimetabolites

By EVAN M. HERSH, VERNON G. WONG AND EMIL J. FREIREICH

LTERED HOST defense mechanisms are responsible for the increased in-

cidence of life-threatening infection in neoplastic diseases.1 These mech-

anisms are altered in part by the particular disease process and also, at

times, by the therapeutic measures used in these disorders. Antimetabolite

therapy, for example, can inhibit both primary and secondary antibody re-

sponses, impair the development of delayed hypersensitivity, and block homo-

graft rejection.2

Page and coworkers,3 in a study of the effects of 6-mercaptopurine ( 6-MP)

on inflammation in rabbits, noted suppression of the mononuclear phase of

the local inflammatory response.

The effects of a variety of chemotherapeutic agents and dosage schedules

on inflammation in man were studied and are the subject of this report.

Studies of anti-inflammatory therapy in man may lead to better understand-

ing of altered host defense during chemotherapy and may be useful in evaluat-

ing therapy in inflammatory disorders.

MATERIALS AND METHODS

The cellular exudate of the local inflammatory response was studied by means of a

skin window technic.4 A 1 sq. cm. area of the patient’s forearm was abraded to the

papillary layer of the corium. No antigens or irritants were added to the abraded area.

It was covered with a sterile coverslip which was changed at 4, 8, 24, 28, 32 and 48

hours in the first part of the study and through 24 hours during the latter part of the

study. The white blood cell exudate adherent to the cover slips was stained with Wright’s

stain. Four hundred cell differential counts were done on each cover slip. Total cover

slip cellularity was estimated using the Miller Ocular. Thirty-six to 82 sq. mm. consecu-

tive 0.2 sq. mm. areas were counted, depending on the exact dimensions of the exudate.

Concurrent peripheral white blood cell counts and differential counts were done in all

patients.

Forty-nine individuals were studied (table 1). Six healthy individuals served as normal

controls. Ten patients with active, untreated acute leukemia were tested to evaluate the

effects of their disease on the inflammatory response. The effects of chemotherapy on the
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INHIBITION OF LOCAL INFLAMMATORY RESPONSE 39

Table 1.-Patients Tested and Therapy Administered in Studies

of the inflammatory Response

No.

of k’a-
tients Diagnosis

Therapy

Drug Dose Schedule Route
Duration

Before Test

6 Normal control - - - -

10 Active untreated
Acute leukemia

- - IV. 5 days

4 Acute leukemia
in remission

6 MP .3-1.0 Gm/in2 daily -

I.V.

-

5 days

3 Acute leukemia

in remission
MTX 5-15 mg./m2 daily

8 Acute leukemia

in remission

6MP

MTX

Vincristine

Prednisone

60 mg./m2

20 mg./m2

2 mg./m2

40 mg/rn2

daily

Q4D

weekly

daily

P.O.

IV.

IV.

P.O.

5-10 days

13 Uveitis MTX 25 mg./m2 Q4D I.V. 21 days

3 Carcinoma Methyl-
GAG

300 mg./m2 Q4D I.M. 28 days

1 Metastatic

carcinoid

Tryptophan

Mustard

0.5 mg/Kg. weekly I.V. 28 days

1 Chronic myel-

ogenous leukemia

Hydroxy-

urea

1 Gui. daily P.O. 28 days

inflammatory response were evaluated in the remaining 33 patients. Each of these pa-

tients served as his own control when not receiving chemotherapy. The patients with

acute leukemia in this group had both control and on-therapy skin windows done while

they were in complete remission.

Seven patients with acute leukemia received intensive 5-day therapy with either 6-MP
or rnethotrexate ( MTX ) . The on-therapy skin window was done 24 hours after the last

dose of the 5-day course. Eight patients with acute leukemia were given 5- to 10-day

courses of intensive combination chemotherapy.5 These patients were also tested 24

hours after the last dose of the course. Thirteen patients with uveitis received intermittent

MDC therapy.#{176} They were tested after 3 weeks of therapy and 24 hours after a dose of

MTX. Three patients with metastatic carcinoma received methylglyoxal-bis-guanylhydra-

zone (methyl-GAG) and were tested after 4 weeks of therapy. One patient receiving

tryptophan mustard and on receiving hydroxyurea were also studied.

Control and therapy groups were compared using the chi-square test (with Yates’

correction) and p values at or below .05 were considered significant.

RESULTS

The control acute inflammatory response in normal individuals is seen in

table 2. During the first 4 hours leukocyte exudation begins. The 4-hour exu-

date consists mainly of polymorphonuclear leukocytes and a median of 2.5

per cent mononuclear cells. Over the ensuing hours the polymorphs are

gradually replaced by mononuclear cells. Thus by 8 hours a median of 32

per cent of the cells adherent to the cover slips are mononuclears, and at

24 hours 80.5 per cent of the cells are mononuclears,
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40 HERSH, WONG AND FREIREICH

Table 2.-Per Cent Mononuclear Cells in the Skin Window of Control

Subjects and Patients on Therapy

No.
ofl’a-
tients Diagnosis Therapy

% Mononuclear Cells in Skin Windows

Control Therapy

4th 8th 24th 4th 8th 24th

6 Normal control - 2.5 82 80.5 -

0-8 26-49 72-85 -

4 Acute leukemia

in remission

Daily IV. 6-MP 6 27 86 0 2

4-15 22-90 86-97 0-8 0-15

21

6-36

3 Acute leukemia

in remission

Daily LV. MTX 4 22 86 0 1

4-10 22-33 79-90 0 1-2

2

0-4

S Acute leukemia

in remission

Combination therapy 10 33 85 0 2.5

3-15 8-90 75-97 0-5 0-9

13.5

1-39

13 Uveitls

�

Intermittent MTX 3 22 86 1 14

0-6 4-33 71-100 0-7 2-33

37

3-73

3 Carcinoma Methyl-GAG 4 30 94 0 10

2-4 24-45 86-98 0 0-17

36

2 1-76

1 Metastatic

carcinoid

Tryptophan mustard 0 29 85 0 36 60

I Chronic myelogenous

leukemia

Hydroxyurea 4 11 97 4 8 56

33 4 24.5 86 0 8.5 23.5

Medi an values and ranges are given for the 4, 8 and 24 hour stages of inflammation. The 6 normal

controls were healthy volunteers. In addition each patient served as his own control when not re-

ceiving therapy.

The mononuclear cells seen in the skin windows were characterized by a

large size ( 15 �L ) , abundant basophilic cytoplasm without granules, and a

large round or oval nucleus. The nuclear membrane was not indented, nucleoli

were not prominent, and the chromatin pattern was fine and lacy. Mitotic

figures were never seen. Occasionally, typical mononuclear cells were seen

to have phagocytized debris or fragments of polymorphonuclear leukocytes.

There was considerable variation in the numbers of mononuclear cells in

the 4- and 8-hour control exudates. The ranges were 0 to 15 per cent and 4

to 90 per cent, respectively. In contrast, the 24-hour exudates had a rela-

tively narrow range, 71 to 100 per cent mononuclear cells, with a median of

86 per cent. The various controls done in healthy individuals, patients with

acute leukemia in remission, patients with uveitis and patients with other

malignant disorders agreed closely.

Ten patients with active acute leukemia were tested before any anti-

leukemic therapy. All had an abnormal response. Total cellularity was re-

duced with a paucity of mononuclear cells on each cover slip examined.

The median values at 4, 8 and 24 hours were 0, 1 and 14.5 per cent mono-

nuclear cells, respectively (ranges: 0-1, 0-16 and 0-58 per cent, respectively).

This was significantly lower than 15 patients with acute leukemia in complete

remission, who, in their control period, had normal responses (p < .01 >

.001).

The uniformity of control responsiveness is further illustrated by six sub-
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INHIBITION OF LOCAL INFLAMMATORY RESPONSE 41

jects from the group that subsequently received therapy who had two con-

trol tests separated by at least 1 week. Their values for the percentage of

mononuclear cells at 4, 8 and 24 hours were 3, 20.5 and 83 per cent for the

first test and 3.5, 17.5 and 93 per cent for the second test.

The effect of all chemotherapy programs on the mononuclear phase of the

local inflammatory response in 33 patients is given in figure 1. At 4, 8 and

24 hours during chemotherapy there was a marked inhibition of mononuclear

cell exudation. The median on-therapy values at these hours were 0, 8.5 and

23 per cent, respectively, while the corresponding control values were 4, 24.5

and 86 per cent mononuclear cells. This inhibition was highly significant (p

< .001 ). In 12 patients the skin window was carried through to 48 hours

after abrasion. Although 4 of these 12 patients still showed inhibition of

mononuclear cell exudation, the median control and therapy values at these

two periods were similar ( 79.5 and 74.5 per cent, respectively ) . There was

no significant difference between the t�vo groups ( p = .20).

The effects of the individual types of chemotherapy on the inflammatory

response are seen graphically in figure 2 and also in table 2. Intensive single

drug therapy and intensive combination chemotherapy were the most potent

inhibitors of the mononuclear response. The median percentage of mono-

nuclear cells at 24 hours during these two types of therapy were 6 and 13.5

per cent, respectively. They were not significantly different from each other

(p = .70). During intermittent methotrexate therapy the median percentage

of mononuclear cells at 24 hours was 37 per cent. Although quite abnormal,

this was significantly higher than the intensive therapy mentioned above (p <
.01 > .001). The median percentage of mononuclear cells in the other forms

of therapy was 56 per cent. Although higher than intermittent methotrexate,

it did not differ significantly from it (p = .40). All treatment programs were

significantly lower than their corresponding controls and the total control

group. Thus there was a range of suppression of mononuclear cell exudation

with 24-hour values at 6 per cent mononuclear cells for intensive single drug

therapy, 13 per cent for intensive combination therapy, 37 per cent for in-

termittent MTX, and 56 for other therapy. The pattern was similar at 4

and 8 hours.

Recovery from this inhibition was studied in 5 patients from the intensive

single drug therapy group. They were tested 1 day after the last dose of the

5-day course and again 5 days after the last dose of the course. The median

values at 4, 8 and 24 hours were 0, 3 and 4 per cent, respectively, at one day

and 4, 20 and 62 per cent at 5 days after therapy. Thus after cessation of the

most potent anti-inflammatory therapy, substantial recovery had occurred by

5 days.

Quantitative cellularity of the exudates was determined (table 3). At 4

and 8 hours the cellularity of the patients on therapy did not differ signifi-

cantly from their control values. However, at 24 hours cellularity was clearly

diminished. This was due to the decrease in mononuclear cells. Indeed, the

numbers of granulocytes in the 24-hour exudates were higher in the therapy

than in the control group (360 vs. 135 per sq. mm.).
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Fig. 1.-The effect of chemotherapy on mononuclear cell exudation.

The inhibition of mononuclear cell exudation did not correlate with the

white blood cell count, the absolute lymphocyte or absolute granulocyte count

in the peripheral blood ( table 4 ) . At 24 hours these counts before and during

therapy were 6890 vs. 6840, 2440 vs. 1940, and 4450 vs. 4900, respectively.

These differences were not significant.

Although there was n� significant leukopenia at the time of the on-therapy

skin window, both intensive single drug and combination chemotherapy pro-

duced leukopenia and stomatitis during the 21 days following the end of

therapy. There was no leukopenia or stomatitis in the other patients studied.

Eight patients developed infections during the 6 weeks following the on-

therapy skin window (table 5). These were all systemic infections associated

with fever over 38.5 C. for at least 48 hours. They included three episodes

of septicemia, hvo cases of primary atypical pneumonia (Eaton agent), one

case of bilateral bronchopneumonia with pleurisy, one case of acute pharyn-

gitis and generalized furunculosis, and one case of acute vulvitis. All even-

tually recovered.

The mononuclear responses of all these patients were markedly depressed.

All but one had 24-hour values below 15 per cent and the latter had a value

of 28 per cent. The occurrence of infection within 3 weeks of the skin window

was compared below and above the median on-therapy mononuclear re-

sponse of 23.5 per cent. The incidence of infection in the lower half of the

range was significantly greater than above the median (p < .05 > .02).

There may be a relationship, therefore, between mononuclear inhibition and

infection in these patients. The two patients who developed Eaton agent

pneumonia while receiving intermittent methotrexate therapy are especially

noteworthy. Their mononuclear responses were far below the on-therapy

median for their group (3 and 9 per cent mononuclear cells at 24 hours vs.
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: : :
Intensive Intensive Intermittent Other
5- Day Combination Methotrexate
Therapy Therapy

P .02 <.001 <.001 <.05>02

Fig. 2.-Mononuclear cell exudation before and during therapy.

a group median of 37 per cent). They had no other signs or laboratory in-

dications of MTX toxicity.

DiscussIoN

This study has shown that antitumor agent therapy can induce a specific

inhibition of mononuclear cell exudation in experimental inflammatory sites

in man. Treatment with intermittent MTX, 6-NIP or MTX given intravenously

for 5 days, combination chemotherapy, methyl-GAG, hydroxyurea and trypto-

phan mustard are all active in this regard.

As little as 5 days of intensive or combination therapy could profoundly

inhibit the mononuclear response. Other studies have shown that conven-

tional doses of drugs such as 6-MP require several weeks to effect the in-

flammatory response.3 The current studies suggest, therefore, that short-term

intensive therapy could be used when rapid inhibition of inflammation is de-

sired. Once inhibition is achieved it might be maintained with conventional

nontoxic doses of therapy.

The inhibition of monnuclear cell exudation did not depend on a concurrent

or preceding reduction in the numbers of circulating granulocytes or lympho-

cytes, although leukopenia often developed after the test period. It also did
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44 HERSH, WONG AND FREIREICH

Table 3.-Total Cellularity in WBC/rnm.2

8 Hours 24 Hours

Control Therapy Control Therapy

Mean

Median

Range

X2P

2580 1530

1895 940

390-6350 440-5840

0.20

1800 890

1205 650

230-5500 140-2370

0.01

Table 4.-Mean Peripheral Blood

8 Hours

Counts in Cells per mm.3

24 Hours

Control TherapyControl Therapy

WBC

p

6950 7260

>0.4

6890 -- 6840
>0.4

Lymphs

p

2400 2440

>0.4

2440 1940

>0.1

Polys

p

4550 4820

>0.4

4450 4900
>0.4

not result from any reduction in the number of granulocytes previously enter-

ing the inflammatory site, since this was the same before and during therapy.

Recovery of the mononuclear response after cessation of therapy was sub-

stantial within 5 days.

There was a higher incidence of infection during therapy in those patients
with the most profound inhibition of inflammation. Only one patient with

an on-therapy value of greater than 23.5 per cent mononuclear cells at 24

hours had infection during the 3 weeks following the test.

While antimetabolites can impair host defense by inhibition of both the

primary antibody response and the development of delayed hypersensitivity,

inhibition of the mononuclear response may be a factor in the development

of infection. This would be especially true for monilial infection since many

persons have 1)0th preexistent antibodies and delayed hypersensitivity to these

organisms.7’8 Recently impaired mononuclear cell exudation was shown to

he one of the mechanisms by which acute steroid therapy enhances experi-

mental Candida albicans infection.9

The original observations on the anti-inflammatory effects of anti-metabo-

lites were made by Page and coworkers in rabbits treated with 6-MP3. In-

hibition of the mononuclear response was related to the dose and duration

of therapy. It was not associated with impaired granulocyte exudation. Sub-

sequently there have been several reports of similar findings in patients re-

ceiving daily oral 6-MP therapy.10’�

Page later studied the effects of a variety of drugs on the local inflammatory

response in rabbits.’2 Actinomycin-D and puromycin were complete inhibitors

of the mononuclear response. Despite adequate dosage 5-fluorouracil, cytoxan,

8-azaguanine, chloromycetin and aminopterin were ineffective. It is surprising

that a folic acid antagonist (aminopterin) was ineffective, since a similar

agent (MTX) was effective in the current study. This was true for both in-
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INHIBITION OF LOCAL INFLAMMATORY RESPONSE 45

Table 5.-Analysis of Clinical Data in 8 Patients Who Developed Infection

after the On.Therapy Skin Window Showed Suppression

of the Mononuclear Response

Patient Therapy

24-Hour

Mono-

nuclear
Response

WBC
Count On

Day of

Skin
Test

WBC

Count
On Day of

Infection

Type of

Infection

Dayof
Onset
after

Skin

Test

Dura-
tion

(wks.)

I N. S. Combination therapy I ‘� 8200 2500 Suspected

Candida species

septicemia

6 3

2 A. B. Combination therapy 14#{231}� 3000 600 Candida septicemia,

klebsiella

pyelonephritis

16 1

3 .1. C. Daily I. V. MTX 2% 6000 3900 Acute gp a, $
Strep. pharyngitis

and septicemia

7 1

4 L. S. Daily I. V. MTX 4% 6700 3600 Acute pharyngitis.

generalized

furunculosis

4 1

5 C. R. Daily I. V. 6-MP 6% 3200 2100 Acute broncho-

pneumonia with

pleurisy

8 2

6 B. B. Daily I. V. 6-MP 28% 4200 700 Acute purulent

vulvitis

21 1

7 S. F. Intermittent MTX 3% 4600 6800 Primary

atypical pneumonia

(Eaton agent)

17 1

8 0. 0. Intermittent MTX 9% 6500 17000 Primary

atypical pneumonia

(Eaton agent)

42 1

termittent and intensive MTX therapy. Species differences may explain these

conflicting results, since MTX does not effect the development of antibodies

to BCG or sheep erythrocytes in rabbits but does in other species.’3 Hitch-

ings and Elion2 have collected several other examples of species differences

in the response to immunosuppressive therapy.

The mechanism of inflammatory inhibition by antimetabolites is incom-

pletely understood. Since the on-therapy mononuclear response at 48 hours

after abrasion approaches normal, therapy seems to retard or delay rather

than completely block the response in man.

Part of the difficulty in defining the effect of antimetabolites is that there

is conflicting data as to th2 stimulus for mononuclear cell exudation. In both

rabbits and man neutrophil exudation is a necessary prerequisite to mononu-

clear cell exudation.14 The neutrophils may release some factor at the in-

flammatory site which attracts mononuclear cells. The circulating mononuclear

cells are modified by products from the initial tissue injury so that they can

be attracted to the inflammatory site. This step, which requires protein syn-

thesis in the mononuclear cells,12 is the one which is blocked by antimetabo-

lites. Paz and Spector15 feel that the same chemotactic factor or factors are

responsible for both neutrophil and mononuclear exudation. In the rat they

noted that both cell types enter the inflammatory site from the onset of in-

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/27/1/38/572391/38.pdf by guest on 19 M

ay 2023



46 RElISH, WONC, AND FREIREIC}I

flammation. However, the mononuclear cells move more slowly and so there

is an early predominance of neutrophils away from blood vessels. The late

accumulation of mononuclear cells is due to the disintegration of and migra-

tion away by the granulocytes. Species differences or differences in experi-

mental technic may be involved in these disparate results.

Both 6-MP and MTX can impair leukocyte glycolysis in vitro,� and im-

paired energy metabolism might explain the experimental results. However,

it would not explain the observation of Page 12 that a preexisting inflammation

can block the inhibitory effect of subsequent antimetabolite therapy on mono-

nuclear exudation into a new inflammatory site in the same animal.

That cytotoxic agents can have a selective effect on mononuclear cells

may be explained by the greater sensitivity of some of these cell lines. Lym-

phocytes are exceptionally sensitive to a variety of these agents. Thus, in vivo

and in vitro doses of nitrogen mustard, eolchicine, deoxypyridoxine and radia-

tion which do not effect granulocytes severely damage cells of the lymphocyte

series.17 Chemotherapeutic agents can also block the phytohemagglutinin-in-

duced transformation of lymphocytes to lymphoblasts.’5

The observations of decreased exudate cellularity and impaired mononu-

clear exudation is untreated acute leukemia confirm Boggs’ observations.19 In

a study of 18 patients with acute leukemia he observed poor granulocyte

and subseuent poor mononuclear cell exudation in skin windows of patients

with granulocytopenia. This is in contrast to the work of Perillie and Finch20

who observed only a delayed and diminished granulocyte response in acute

leukemia studied by the skin-window technic. It is especially surprising that

no al)normalities of the mononuclear response were observed, since 3 of 10

patients were receiving 6-MP and 8 of 10 steroids. Subsequently, using a skin

chamber technic, these authors confirmed and were able to quantitate the de-

ficient granulocyte exudation in acute leukemia.2’ Unfortunately, relatively

few mononuclear cells normally enter the skin chamber,21’22 and therefore the

chamber could not be used to evaluate the mononuclear response.

SUMMARY

The effects of chemotherapy on the local inflammatory response in man were

studied in 33 patients.

Inhibition of the mononuclear cell phase of the response at 4, 8 and 2.4

hours was noted. The median on-therapy values at these hours were 0, 8.5

and 23 per cent compared to control values of 4, 24.5 and 86 per cent, re-

spectively.

The 24-hour values for the individual types of therapy were 13.5 per cent

for intensive combination therapy with 4 antitumor agents, 21 per cent for

6-mercaptopurine given i.v. daily for 5 days, 2 per cent for methotrexate given

i.v. daily for 5 days, 37 per cent for intermittent methotrexate and 56 per

cent for other therapy. Recovery was substantial within 5 days of the end of

therapy.

The inhibition was not correlated with alterations in the levels of circulating

granulocytes or lymphocytes, nor with the numbers of granulocytes entering

the inflammatory site.
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INHIBITION OF LOCAL INFLAMMATORY RESPONSE 47

Complicating infections were noted in eight patients, seven of whom were

in the most strongly inhibited group. Observations of the response in ten un-

treated patients with acute leukemia showed both impaired granulocyte and

mononuclear phases of the response.

SUMMARIO IN INTERLINGUA

Le effecto exercite per agentes chimotherapeutic super le topic responsa

inflammatori in humanos esseva studiate a base de observationes in un material

clinic de 33 casos.

Un inhibition del phase a cellulas mononuclear esseva notate in le responsa

post 4, 8, e 24 horas. Le valores median al mentionate tempores esseva 0, 8,5,

e 23 pro cento pro casos sub therapia e 4, 24,5, e 86 pro cento pro casos de

controlo, respectivemente.

Post 24 horas, le valores pro typos individual de therapia esseva 13,5 pro

cento pro un intense therapia combinate con 4 agentes anti tumores, 21 pro

cento pro 6-mercaptopurina administrate diurnemente per via intravenose

durante 5 dies, 2 pro cento pro methotrexato administrate diurnemente per

via intravenose durante 5 dies, 37 pro cento pro methotrexato intermittente,

e 56 pro cento pro altere therapias. Le restablimento del valores de controlo

esseva considerabile intra 5 dies post le termination del therapia.

Le inhibition non esseva associate con alterationes in le concentrationes de

circulante granulocytos o lymphocytos e non con alterationes in le numeros

de granulocytos intrante in le sito inflammatori.

Infectiones complicatori esseva notate in octo patientes, incluse septe intra

le gruppo manifestante le plus marcate grados de inhibition. Observationes

del responsa in dece non-tractate patientes con leucemia acute monstrava in

le responsa phases de disturbation granulocytic e mononuclear.
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